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Abstract
In this article we discuss the challenges of delivering
a high quality Transition care. A good understanding
of the adolescent needs with good communication
between Transition care physicians and the patient is
essential for good continuity of care. Despite availability
of several guidelines, one model doesn’t fit all and any
transition service development should be determined
by the local need and available healthcare facilities.
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Core tip: Adolescent medicine is fast becoming a
speciality in its own right. A good understanding of
the needs of the adolescent patient is essential for
delivering good quality care. Effective communication
between Transition Care physicians as well as with their
patient is the key to providing good continuity of care.
Despite availability of several guidelines, one model
doesn’t fit all and any transition service development
should be determined by the local need and available
healthcare facilities.
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middle aged doctors in particular compared to other
age groups do not know how to communicate with
young adults properly; (2) the doctors generally
tend to communicate with parents rather than the
patients; and (3) some felt that at the point of transfer
to the adult services, they had not built up enough
confidence to discuss issues openly and confidentially
with their new adult consultants.
A number of adult gastroenterology physician
surveys have been carried out to highlight the inade
quate transition by paediatric gastroenterologists.
Ironically, the response rate of adult gastroenterologists
to these surveys has been extremely poor being as low
as 30% which equally doesn’t bode well for the interest
[4-6]
or keenness of survey participants . Accepting all
criticisms, with caveats, there is little doubt that IBDtransition care in today’s age needs to improve.
These discussions highlight the importance of
training practitioners in communication and transitional
care practice.

http://www.wjgnet.com/1007-9327/full/v23/i25/4473.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i25.4473

INTRODUCTION
I wish to start by first asking our readers a question,
“When does an adolescent become an adult?”
Generally, an 18-year-old is considered to be a
grown up adult and we will often use this “age cut off”
to define many adult services including transition care
and 18 would mark either the start or end of Transition
care, depending on where you practice. Interestingly,
the “Bank of America” and “United States Today”
surveyed 2180, 18 to 26 year olds to find only 27% of
the respondents characterised themselves as an adult
rd
and 1/3 felt adulthood didn’t begin until a person was
at least 21 years old. The legal drinking age in United
States is 21 years which might potentially influence
the view. However, it is well known that acquisition of
social and financial independence is considered to be
important to become an adult, and this “adult age”
seems to be ever increasing over the last few decades.
This widening gap between adolescence and becoming
an adult has now been linked with increasing mental
health, behavioural and substance use issues (e.g.,
[1]
smoking, alcohol and cannabis) which we may see in
our practices and sometimes even in transition care.
Adolescents undergo biological, psychological
and social development, whilst growing into adults.
However, in teenagers with inflammatory bowel
disease (IBD) these three milestones may be delayed.
In addition, teenagers will often be taking regular
treatments (oral medications and injections) possibly
facing issues related to delayed puberty, worried about
a shorter final height compared to expected, and then
making matters worse when they may start comparing
themselves with the peers.
The use of a sharp age cut off to define transition
services suddenly appears woolly. Not unsurprisingly,
only 5.6% of older adolescents/young adolescents
on the verge of transfer to adult care met the gastro
[2]
intestinal (GI) units benchmark in United States .
There are other issues as well. With adolescents
facing their own set of problems, practitioners in
transition services need to be knowledgeable about
these issues. Not just their understanding needs
to be good, they also need to be able to relate and
communicate well with the teenagers. The reality
however is far from it. The Royal College of Paediatrics
and Child Health (RCPCH), United Kingdom has
launched a very interesting “young adult and transition
project” with forum discussions and meetings including
patient’s stories including a blog by an 18 year old
young man, Thine, who helped facilitate such an
[3]
event . Thine with the group raised these poignant
issues during discussion forums run on the day: (1)
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WHAT IS TRANSITIONAL CARE?
The American Society for Adolescent Medicine defines
transitional care as “purposeful planned movement”
of adolescent and young adults with chronic physical
and medical conditions from child-centred to adult[7]
orientated health-care systems .
This definition lays down underpinning principle
for transitional care from paediatric to adult services,
which is “continuity of care”. This has been further
[8]
explained by Haggerty et al defining three types
(concepts) of “continuity”.
First is continuity of use of information on past
events to make current care appropriate e.g., a prac
titioner should be fully aware of previous treatments,
any drug reactions, non-response and surgery before
prescribing new treatments. Without this information
incorrect or ineffective treatments may be prescribed to
the patients.
Second is adopting a consistent and coherent
approach to patient’s changing needs e.g., childhood
to adulthood. Adolescence brings a significant change
in the life of an individual which comes with its own
challenges, further amplified in patients with any
chronic illness such as IBD. Patient with chronic illness
may be affected by delayed biological and sexual
[9]
maturation .
Third is an ongoing therapeutic relationship between
patient and providers, which gastroenterologists and
practitioners view as regular clinical appointments by
the similar teams in a transitional clinic. Both paediatric
and adult practitioners should be present in such a
clinic. A handover clinic where a patient may only
be seen once by paediatric and adult teams before
moving on to adult services shouldn’t really be labelled
as “transitional clinic”.
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this should be patient choice and not made obligatory
in guidelines. At the same time we also encourage
patients to show responsibility in communication and
not look at their parents for each piece of information.

VARIATION IN TRANSITION GUIDELINES
IN DIFFERENT COUNTRIES
Guidelines regarding the protocol for transitional care
vary between regions. These variations perhaps not
only reflect our own differing views about transition
and adolescent growth but are also dictated by
available healthcare systems. Despite this observed
variation, there tends to be a general consensus
regarding major aspects of transitional care.

European Society for Paediatric Gastroenterology
Hepatology and Nutrition guidance

European guidelines have been set by both the
European Society for Paediatric Gastroenterology
Hepatology and Nutrition (ESPGHAN) and the European
Crohn’s and Colitis Organisation (ECCO). Compared
to NASPGHAN guidance, ESPGHAN appears to place
more emphasis on recognising the psychosocial factors
involved in the care of adolescent patients. Their
guidelines state that the “time of transition should
be individually adapted according to psychosocial
readiness” and emphasize for this to occur between
the ages of 16 and 18 years old. Furthermore, joint
clinics where the adolescent is seen with both paediatric
and adult gastroenterologist are encouraged by the
[11]
ESPGHAN .

North American Society for Pediatric Gastroenterology,
Hepatology and Nutrition guidance

Guidelines for the United States and Canada are
outlined by the North American Society for Pedia
tric Gastroenterology, Hepatology and Nutrition
(NASPGHAN). In its recommendations the NASPGHAN
acknowledges the difference in the health care services
of the two countries (United States and Canada)
and adopts its approach accordingly. NASPGHAN
places emphasis on promoting independence for
the adolescent patient, they recommend that the
Paediatric Gastroenterologist should begin to see their
adolescent patients without their parents to resemble
the relationship they will have with adult physicians.
A discussion regarding the subject of transition of
care to adult gastroenterologist and its benefits is also
recommended to take place with both the patient
and their family. The importance of a skilled adult
physician with experience in caring for young adults
is also highlighted by the NASPGHAN. Moreover, the
importance of sharing medical records is stressed
to reassure the family that both the paediatric and
adult services are working together to deliver high
quality care for the patient. With regards to the timing
of the transition, the NASPGHAN provides separate
recommendations for the United States and Canada.
Since patients over the age of 18 years cannot be
admitted to paediatric care in Canada, the transitional
process needs to occur earlier in adolescence and
must be completed by the age of 18. Meanwhile in
the United States, many young adults are under the
medical insurance of their parents and insures require
that hospital admission occur at the location where
the insurance holder resides. This raises different
challenges in the transitional process as many young
adults will be at college during this period which
may be preferable by many as they may be more
independent at an older age. We need comparative
studies to see which system works better for our
patients. Despite this, a lot of the care occurs over the
telephone though, which may pose its own difficulties
[10]
for the gastroenterologist and patient .
As adults we would often take our spouses or on
occasions even our parents or family members for our
appointments. We, in Southampton (United Kingdom)
therefore don’t believe in a solitary patient attendance
at a clinic in the absence of their parents. We believe

WJG|www.wjgnet.com

NICE guidance in the United Kingdom

In the United Kingdom, NICE has issued guidance
on transition from children’s to adult’s services for
[12]
young people in 2016 . This document defines the
importance and principles of transition care laying
emphasis in the period before, during and after
transition. The guide discusses adoption of person
centred approaches which are developmentally
appropriate for each individual giving adolescents
options to have a choice about their transition care.
NICE introduces the concept of a “named worker”
depending on each individual young person’s needs. A
named worker could be anyone ranging from a nurse,
youth, education practitioner, health professional, GP,
Specialist nurse, transition worker or an adviser. The
NICE guidance also defines the role of this person
which is essentially not only to support the teenager
and family but also to help pursue appropriate care.
At Southampton Children’s Hospital, we annually
run 12 transition clinics; 6 are IBD transition and the
other 6 hepatology transition clinics. The clinics are
attended and supported by the paediatric and adult
teams which comprise of consultant, specialist nurses,
dieticians and psychology support. The care plans
are agreed in advance to ensure smooth transition
with the specialist nurses working as a key worker for
patients and families. Due to our strong network links,
we also successfully transition patients to other local
GI services carried out in transition clinics in individual
hospitals in the Wessex Network (12 hospitals with 8
regional clinics).

CHALLENGES FACED BY PROVIDERS FROM BIOSIMILARS TO IBS
Innumerable challenges are faced by Transitional Care
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providers. It is not possible to go through each individual
scenario and therefore will mention 3 common issues
faced in our current transitional practices.

Another option is to avoid switching and this is
possible by commencing treatments after discussion
and a joint agreement is reached between the
paediatric and adult teams. We prefer this approach
in Southampton and often make these decisions in
our regular 2 weekly joint adult and paediatric IBD
meetings. Letters detailing treatment plans are then
sent to local hospitals and patients who feel confident
and assured by the conjoined management.

Use of biosimilars

Improvements in diagnosis and development of new
treatments has provided the modern day clinician
with many treatment options. These options can help
to tailor and optimise care to each individual patient.
Monoclonal antibodies have revolutionised treatment
of inflammatory bowel disease. Various monoclonal
antibodies aim to target cytokines in the inflammatory
cascade, suppressing these target molecules and help
treat disease. A number of agents are now available
on the market, which can be administered via various
routes ranging from infusions in hospitals, to the use of
subcutaneous injector pens in the community or home.
In Southampton we discuss all available options with
our patients, giving them the choice of treatments.
Patients with their families proactively decide about
their treatments. Although no data is available to
prove this approach, we feel this not only empowers
patients to take active control but also helps in better
compliance.
A more recent development, evolutionary rather
than revolutionary, is the use of Biosimilars for treat
ment of inflammatory bowel disease. NHS England
describes Biosimilar as a biological medicine which is
highly similar to another biological medicine already
[13]
licensed to use . Biosimilars are cheaper and a Royal
College of Physician audit shows that if Biosimilars are
used in all recruited patients the NHS United Kingdom
[14]
would make a significant annual cost saving . This is
a huge cost saving which could potentially be invested
in other services. In Southampton, our adult GI
services developed a business case modelled on 150
IBD patients treated with a mean of 400 mg remicade
every eight weeks for one year with a range of savings
in drug acquisition costs. A potential saving of up to
£812000 per annum with a 50% discount in drug costs
if all patients agreed to change to Biosimilar infliximab
was identified and this was invested into other parts of
[15]
the GI service improving overall care .
Switching from one monoclonal antibody to a
biosimilar is a very hot topic, a quite common issue
faced in transition care and there remains a considerable
variation on adoption of this practice. The British
Society of Gastroenterology was the first to advocate
[16]
such practice
however more cautious approaches
have been adopted by other societies. Several to date
studies on clinical efficacy, safety and immunogenicity
[17-19]
of biosimilars do not show any issues
. To date
[20]
very limited paediatric data is available
on use of
biosimilars. As antibodies may develop within 2-3
treatments, ECCO advise against a switch due to nonmedical reasons particularly within the first 6 mo of
[21]
starting treatment .
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IBS in IBD

Irritable bowel syndrome is present in 14% of high
[22]
school and 6% of middle school students . Little is
known about IBS in teenagers with IBD though and
studies are needed to understand this. We often face
this issue in our practices and perhaps we can help
bridge these gaps by sharing evidence from each
other’s practices. For e.g., while adult colleagues are
more knowledgeable in management of IBS in IBD,
paediatric gastroenterologists are very experienced
in use nutrition as sole treatment or supplement in
Crohn’s disease (CD).
[23]
Abdalla et al
in a large 6309 participant study
showed 20% of IBD patients may have concurrent IBS
making it 1 in every 5 patients. IBS-IBD patients are
more likely to be women, less likely to have graduated
college and a comparatively lower QOL. Also these
patients account for a relatively higher number of clinic
visits when compared to non IBS-IBD patients. Despite
no studies, in Southampton transition clinics we often
recognise these issues in adolescents and teenagers.
It is not always easy to differentiate IBS symptoms
from active IBD disease and patients may therefore
often undergo repeat endoscopies. Use of tests such as
faecal calprotectin may have a useful role particularly
when normal calprotectin has been previously docu
mented in an IBD patient.

Liver disease in IBD

At first presentation of paediatric IBD, liver enzymes are
abnormal in 6.9% of all patients, more commonly in
patients with UC than CD. Spontaneous normalisation of
liver function tests occurs in about 40% patients within
[24]
the first 3 mo . Developing PSC is worrying but is
fortunately less common in paediatrics with an incidence
rate of 0.23/100000 compared to 1.11/100000 in
[25]
adults .
Children with liver and IBD may be seen in both
IBD and Hepatology transitional clinics making an
already complex management even more difficult.
Without good communication this may cause confusion.
In Southampton we successfully adopted a model
where the paediatric gastroenterologist responsible
for patient’s care leads and oversees management
in each individual transition clinic. These patients will
eventually be followed up more in the clinic where there
is more disease burden but keeping the other specialists
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informed about any change of treatments at all times.

in better communication with patients and families.
Despite being a people contact profession, we as
doctors are never trained in communication skills
during our medical training years. We are expected to
automatically learn on the fly. This method certainly
works well for some but not for all of us. We feel
communication should be an essential part of the
curriculum especially for students aiming to pursue
branches of medicine where there is first contact with
patients.

DISCUSSION
Where do we stand with regards to transitional services
today?

Although we have started to understand the need of
Transition care but we certainly are still not doing well
and there is still a long way to go. The Royal College of
Physicians conducted a National IBD audit showing only
53% of healthcare providers provide a transitional care
service for young people with only 46% provide regular
transitional care in hospitals in United Kingdom. On
a positive note this is an improvement from previous
[26]
years . With available services the Royal College of
Physicians recommends Transition care providers to
having a clear written policy and protocol for transition
care. The audit findings are again quite pessimistic,
revealing only 36% of services having a specific
transition policy.
This issue is not exclusive to the United Kingdom,
a national survey of Paediatric care providers in the
United States also highlighted room for improvement
in providing transitional services. Although slightly
better than the United Kingdom, 68.1% of providers
reported providing support for transition. Again, only
half of participants reported being familiar with the
[27]
transitional guidelines .
There is no disagreement that gastroenterologists
should be knowledgeable about transitional care. In a
survey of 383 adult gastroenterologists, 96% held the
belief that it was important for an adult physician to
have knowledge of the medical aspects of adolescent
health care however only 73% felt that they had
adequate knowledge. Again worryingly only 46% of
adult physicians felt they were competent to deal with
[6]
adolescent developmental and mental health issues .
One of the criteria used for successful transitioning
is acquisition of “medical knowledge” and indepen
dence of adolescent patients with regards to their
treatments. As high as 69% of surveyed adult gas
troenterologists surveyed expected patients having
knowledge of their medications as an expectation
[6]
in delivering transitional care . This expectation is
perhaps unrealistic particularly when adult IBD patients
don’t retain such knowledge about their treatments. A
study on adults with regards to knowing information
about their IBD medications found that although 97%
of patients could recall the names of their medication;
this figure dropped significantly with regards to recalling
their dose (63%) and even lower regarding knowledge
[28]
of the side effects of their medication .
Transition care providers report that unsuccessful
transition care resulted where they were unable to
[29]
communicate effectively with their patients . As also
mentioned at the start of this article, this remains a
key hurdle in providing even the best of services to our
patients. More focus is needed to train the practitioners
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CONCLUSION
We continue to face a number of challenges with
regards to delivering transitional care. These range
from no services to poor delivery and on occasions not
helped by unrealistic expectations of the practitioners.
Lack of insight and knowledge of transition care
providers is a significant issue. Adolescent medicine is
fast becoming a speciality of its own and these issues
could be addressed by better training opportunities
for the transition care providers. Health Units suc
cessfully running transition processes could share
their experiences positively in possible unit to unit
peer review visits, a process which was once run by
the Royal College of Physicians. It is also about the
time we recognise the role of patients who can help
in development of our services. In the absence of a
joint concerted effort, of us all working together we
continue to fight a losing battle risking compromised
care with poor continuity and confidence for our young
IBD adolescent patients. At national level Paediatric
gastroenterologists join and contribute to Transition
care forums and activities in the British Society of
Gastroenterology. Perhaps it is time now for us to
invite adult gastroenterology colleagues to paedia
tric gastroenterology meetings. This will not only
improve communication but also help to increase our
understanding of common issues faced in Transition
care. We will have a better chance to iron these issues
managing these challenges together.
In Southampton we do not find a regular 3-4
monthly clinic to be adequate for delivering the needs
of what we recognise as a “quality transition care”.
In addition to the clinic, the two teams meet in a
two weekly joint paediatric and adult IBD meeting
to discuss difficult and complex cases. Alongside
this we recognise the important of gastroenterology
teams meeting patients and families and now hold
a regular open transition meeting in Southampton.
This has turned out to be an excellent resource not
only to enhance patient education but also giving
patients a chance to meet members of the Adult and
Paediatric IBD teams. These are a couple of examples
which have helped improve delivery of transition
care in Southampton and are by no way meant to be
proscriptive for everyone to follow. One model doesn’t
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fit all and any transition service development planning
should be determined and dictated by the local need
and available healthcare facilities.
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in CRC . In normal intestinal cells, WNT expression is
detected in cells at the crypt base and is essential for
the maintenance of stem cell compartmentalization
and, ultimately, for the intestinal tract organization and
patterning. The WNT canonical pathway is activated
upon binding of the WNT ligands to the Frizzled/
LRP receptor. This interaction induces a signaling
cascade, leading to the stabilization of β-catenin
in the cytoplasm and to its translocation into the
nucleus. There, β-catenin interacts with the TCF/LEF
transcription factors to modulate specific target genes
that are involved in cell proliferation and differentiation,
such as MYC, which encodes the Myc proto-oncogene,
and CCND1, which encodes the cyclin D1 protein. In
the absence of WNT ligands, β-catenin is targeted for
proteasomal degradation upon phosphorylation through
its association with a destruction complex composed
of various scaffold proteins, such as adenomatous
polyposis coli (APC), Axin 2, glycogen synthase kinase
3 (GSK3) and casein kinase 1 (CK1). Approximately
70%-80% of sporadic CRCs involve somatic mutations
that inactivate APC, leading to β-catenin accumulation
and activation of its target genes.

WNT/β-catenin signaling cascade, their expression in
CRC and their role in intestinal physiopathology.
Triki M, Lapierre M, Cavailles V, Mokdad-Gargouri R.
Expression and role of nuclear receptor coregulators in colorectal
cancer. World J Gastroenterol 2017; 23(25): 4480-4490
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i25/4480.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i25.4480

INTRODUCTION
Colorectal cancer

Colorectal cancer (CRC) is the third most common
human cancer with more than 1.3 million recorded
cases in 2012. Patients are generally treated with
surgery, chemotherapy and radiotherapy that are
associated with several side effects. Despite important
advances in CRC prognosis, diagnosis and treatment
during the last decade, it remains the cause of about
[1]
700000 deaths per year worldwide . Although CRC
can be sporadic or hereditary, in both cases, environ
mental factors contribute to its development. The main
risk factor is age; however, diet, sedentary lifestyle and
tobacco smoking also increase the risk of developing
[2]
CRC .
CRCs are complex and heterogeneous epithelial
tumors that involve various genetic and epigenetic
alterations. The progressive accumulation of these
molecular changes contributes to the transformation
[3]
of normal mucosa into neoplasia . At least three
molecular pathways have been identified as involved
[4]
in CRC pathogenesis . The most common is the
chromosomal instability (CIN) pathway, characterized
by inactivation of tumor suppressor genes (APC,
[5]
TP53, SMAD4) and activation of oncogenes (KRAS) .
The hallmark of the second molecular pathway is
microsatellite instability (MSI) that results from the
deregulation of DNA mismatch repair (MMR) genes,
[6]
leading to genetic hypermutability . Finally, the third
molecular mechanism involves gene silencing via
aberrant hypermethylation of promoter CpG islands
[7]
(CpG island methylator phenotype, or CIMP) . A recent
study has proposed a unique molecular classification
of CRC based on gene expression with four consensus
molecular subtypes (CMS): MSI immune (CMS1),
canonical (CMS2), metabolic (CMS3) and mesenchymal
[8]
(CMS4) .

Nuclear receptor signaling

Nuclear receptors (NRs) are ligand-activated trans
cription factors that directly regulate genes and are
involved in several physiological processes, such as
growth, homeostasis, differentiation, development
[10]
and metabolism . NR signaling dysregulation contri
[11]
butes to various human diseases, including cancer .
Currently, NRs represent one of the largest families of
transcription factors (48 members in humans) that can
be classified in three groups (hormone, metabolic and
[10,12]
orphan NRs), based on their ligand properties
.
Members of the hormone receptor subfamily generally
bind to DNA as homodimers and include estrogen
(ERα and ERβ), androgen (AR), progesterone (PR),
glucocorticoid (GR) and mineralocorticoid receptors
(MR). Metabolic receptors, such as farnesoid X (FXR),
liver X (LXR) and peroxisome proliferator-activated
receptors (PPARs), bind to DNA as heterodimers
with their obligate partner retinoid X receptor (RXR).
Orphan receptors include all NRs for which ligands
[10]
were (or are still) unknown . NRs share a modular
structure composed of an N-terminal activation
domain, which is important for interactions with core
gulators (activators and repressors), a DNA-binding
domain, a small hinge region and a C-terminal ligand
binding domain that interacts with the ligands and
[13]
transcriptional coregulators .
NRs promote gene transcription mainly through
classical gene transactivation and transrepression.
These activities are modulated by transcriptional
coregulators that allow NRs to target gene promoters
and to coordinate transcription. Additionally, NRs can
modulate also other nuclear signaling pathways that

WNT signaling pathway

Large-scale investigations have identified several
critical genes and multiple signaling pathways that are
important for CRC initiation and progression, including
WNT, Notch, p53, RAS-MAPK, PI3K and TGF-β. The
WNT/β-catenin signaling pathway is the most studied
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rely on various transcription factors, such as SP1,
[14-17]
. Moreover, NR activities can
AP-1, p53 or NF-κB
be influenced by post-translational modifications
whereby they are targeted by other cellular pathways,
leading, for instance, to activation of kinases in
response to growth factors. Recent investigations have
highlighted the role of some NRs, such as ER, PPAR,
nuclear vitamin D receptor (VDR), RXR and retinoic
acid receptor (RAR), in the regulation of intestinal cell
growth and differentiation and also in CRC.

to CRC development . By contrast, β-catenin activity
is repressed when associated with VDR, RAR and
[25-27]
AR
. Moreover, components of the WNT pathway
can interact with PPARβ/σ. Specifically, PPARβ/σ levels
increase in CRC in response to inactivation of the APC
gene or after treatment with the potent carcinogen
[28]
azoxymethane . This suggests that loss of APC
expression leads to increased PPARβ/σ expression
[29]
through the β-catenin/TCF-4 transcriptional pathway .
Besides the WNT pathway, NR cross-talk with the
Notch pathway that plays a role in both intestinal
[30,31]
development and cancer
. For instance, TRα1
[32,33]
controls several components of the Notch pathway
.
Deciphering the mechanisms underlying NR cross-talk
with different signaling pathways could eventually lead
to the identification of targets for clinical interventions
in CRC and for diagnostic/prognostic purposes.

NRs in the gut and in CRC

Various NRs regulate the cell cycle, proliferation and
apoptosis of intestinal epithelial cells and are now
considered as factors that might also modulate CRC
[18]
development and progression . The characterization
of NR localization and expression in normal and
tumoral gut epithelium led to a better understanding
of their potential role in CRC. On the basis of their
expression profile in the normal intestinal epithelium,
NRs can be divided in three subgroups. Some NRs,
such as NR5A2 (LRH1), PPARβ/δ and thyroid hormone
receptor alpha (TRα), are detected mostly in the
proliferative compartment of the crypt, suggesting that
they might be involved in cell proliferation regulation.
Other NRs (including VDR, ERβ, GR, MR and FXRα) are
mostly expressed in the differentiated compartment of
the intestinal epithelium. The last group includes the
NRs LXRβ, PPARα, RARα and RXRβ that are ubiquitously
[19]
expressed in the intestinal mucosal epithelium .
Differently from what observed in the normal
intestine, the expression of most NRs is downregulated
in patients with familial adenomatous polyposis
Min/+
(FAP) and in Apc
mice (an animal model of CRC),
[20]
while only few are upregulated . For instance, loss
of ERβ and VDR in mice results in colon cell hyper[21,22]
proliferation
. On the other hand, the expression of
other NRs, such as EAR-2, is induced in CRC models
and is downregulated in HT29 colon cancer cells upon
[19]
restoration of the activity of wild type APC . In both
cases, variations in NR expression/activity seem to
be directly related to the WNT signaling pathway and
indeed, many NRs cross-talk with the WNT signaling
[18]
pathway .
The canonical WNT/β-catenin pathway is one of the
major signaling pathways involved in the establishment
of intestinal homeostasis. WNT signaling is fundamental
for the maintenance of the intestine proliferative
[23]
compartment . Components of the WNT pathway
can modulate NR function through transcriptional
[18]
activation or repression . Similarly, NRs can exert
dynamic changes in the WNT signaling pathway. For
instance, it has been reported that after association
with β-catenin, NR5A2 (LRH1) is activated to promote
CCND1 transcriptional activation and governs the
self-renewal of intestinal crypt cells. Consequently,
proliferation of epithelial cells is enhanced, contributing

WJG|www.wjgnet.com

NR coregulators in CRC

The expression of NR target genes is modulated by
a large set of transcription coregulators that can act
as NR activators and repressors. This review focuses
on several of these transcription factors (Table 1)
that may play a role in intestinal homeostasis and
tumorigenesis.

TRANSCRIPTIONAL COACTIVATORS
Nuclear receptor coactivator 1

Nuclear receptor coactivator 1 (NCoA-1), also known as
SRC-1/RIP160, was the first identified member of the
SRC family. It belongs to the structurally homologous
[34]
p160 family of coactivators . This family includes
three members (SRC-1, -2 and -3) characterized by
the presence of three distinct structural domains: (1)
the bHLH-PAS domain that facilitates the interaction
with several transcription factors; (2) the central NRinteracting domain; and (3) two C-terminal activation
[35]
domains . Several NRs are regulated by NCoA-1,
[34,36,37]
including PR, GR, ERα, TR, RXR and PPARγ
.
Interestingly, GST pull-down and coimmunoprecipitation
assays showed that NCoA-1 binds directly to β-catenin,
the key mediator of the canonical WNT signaling
[38,39]
pathway
. The bHLH-S/T domain (amino acids 1
to 580) and the domain required for NCoA-1 histone
acetyltransferase (HAT) activity (amino acids 1080
to 1442) appear to be involved in this interaction,
together with the Arm3-10 domains of β-catenin (amino
acids 234 to 585). Upon binding to β-catenin, NCoA-1
specifically enhances β-catenin transactivation activity,
as indicated by transient transfection experiments
[39]
using the TOP-Flash reporter plasmid . It should
be mentioned that coactivator-associated arginine
methyltransferase 1 (CARM1), which is associated with
the different p160 family members and participates in
their coactivator function, also can bind to β-catenin
[40]
and increase TCF-4 mediated transactivation .
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Table 1 Description of the genes analyzed in the review
Name
NCOA1
NCOA2
NCOA3

NCOA6
PPARGC1A
EP300
CREBBP
MED1
NCOR1
NCOR2

NRIP1
MTA1

Description and aliases

Gene ID

MIM

Location

Nuclear receptor coactivator 1
F-SRC-1, KAT13A, RIP160, SRC1, bHLHe42, bHLHe74
Nuclear receptor coactivator 2
GRIP1, KAT13C, NCoA-2, SRC2, TIF2, bHLHe75
Nuclear receptor coactivator 3
ACTR, AIB-1, AIB1, CAGH16, CTG26, KAT13B, RAC3, SRC-3, SRC3,
TNRC14, TNRC16, TRAM-1, bHLHe42, pCIP
Nuclear receptor coactivator 6
AIB3, ASC2, NRC, PRIP, RAP250, TRBP
PPAR gamma, coactivator 1 alpha
LEM6, PGC-1 (alpha), PGC-1v, PGC1, PGC1A, PPARGC1
E1A binding protein p300
histone acetyltransferase p300", KAT3B, p300
CREB-binding protein
CREBBP, KAT3A, RTS
Mediator of RNA polymerase II transcription subunit 1
TRIP2, MED1, PBP, PPARBP, PPARGBP, CRSP1, CRSP200, DRIP230, RB18A
Nuclear receptor corepressor 1
N-CoR, N-CoR1, PPP1R109, TRAC1, hN-CoR
Nuclear receptor corepressor 2
CTG26, N-CoR2, SMAP270, SMRT, SMRTE, SMRTE-tau, TNRC14, TRAC,
TRAC-1, TRAC1
Nuclear receptor interacting protein 1
RIP140
Metastasis associated 1

8648

602691

2p23.3

10499

601993

8q13.3

8202

601937

20q13.12

23054

605299

20q11.22

10891

604517

4p15.2

2033

602700

22q13.2

1387

600140

16p13.3

5469

604311

17q12

9611

600849

17p12-p11

9612

600848

12q24.31

8204

602490

21q11.2-q21.1

9112

603526

14q32.33

NCoA-3

In the colon mucosa, NCOA1 expression is confined
[41]
mostly to the crypts . Although, the NCOA1 gene
(with NCOA2) was identified by a ChIP-seq based
genome-wide analysis as a possible TCF-4 target in
[42]
SW620 CRC cells , to our knowledge, no other study
reported data on NCOA1 expression and role in CRC.

NCoA-3, also known as amplified in breast cancer
1 (AIB1) or SRC-3/RAC3/ACTR/TRAM1, is the third
member of the p160 family of NR transcriptional
coactivators. It was first described in breast adeno
[51]
carcinoma where it is amplified and strongly expressed .
Amplifications in the 20q11-13 region that includes the
[52,53]
NCOA3 gene are detected in 10% to 32% of CRC
.
Moreover, the NCoA-3 protein is overexpressed in
[53]
35% of human CRC samples . Interestingly, NCoA-3
overexpression does not always correlate with gene
amplification, suggesting that it might also be
regulated by other molecular mechanisms, such as
[51,54]
. Furthermore,
post-translational modifications
NCoA-3 overexpression has been correlated with
clinicopathological features, such as advanced clinical
[53,54]
stage, lymph node and liver metastases
. However,
NCoA-3 overexpression has been also associated with
lower risk of death (43.5% vs 19.3%) and prolonged
[48]
overall survival . In support of these observations,
comparison of normal intestine and CRC cell lines
showed that NCoA-3 expression is significantly higher
in CRC cell lines. Furthermore, NCOA3 knock-down
decreases the proliferation of RKO, HCT116 and CT26
cells and the ability of CT26 cells to form tumors
[55]
after grafting in BALB/c mice . Few reports have
investigated NCoA-3 interactions with components
of other pathways that have a critical role in CRC.
[53]
Xie et al
associated NCOA3 molecular abundance
with inhibition of the p53 pathway. Moreover, Mo
[55]
et al
demonstrated that NCoA-3 directly interacts

NCoA-2

NCoA-2, also referred to as TIF2/GRIP-1/SRC-2,
[43]
was identified soon after the discovery of NCoA-1 .
NCoA-2 is involved in mammary gland morphogenesis,
[44,45]
. Indeed,
energy balance and lipid metabolism
[43,46]
the NCOA2 gene is expressed in many tissues
,
[47]
including colon . Conversely, there are discrepancies
about NCoA-2 expression in CRC. Indeed, by immuno
[48]
histochemistry, Grivas et al
found that NCoA-2
expression is significantly higher in carcinoma than
in normal colorectal tissues. Moreover, they reported
that NCoA-2 overexpression is associated with more
advanced disease. Conversely, two other studies
suggested that NCoA-2 expression (both mRNA and
protein) is downregulated in cancer tissues compared
[47,49]
with the adjacent normal mucosa
.
In agreement, NCOA2 knock-down using siRNA
in normal colonocytes (NCM460 cells) promotes cell
[49]
proliferation and reduces apoptosis . Previous studies
[38,50]
.
also reported that NCoA-2 can bind to β-catenin
[49]
Yu et al
confirmed these data by demonstrating
that NCoA-2 exerts an inhibitory effect on the WNT
signaling pathway. Altogether, these findings suggest a
potential tumor-suppressor activity of NCoA-2 in CRC.
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with Notch intracellular domain and is recruited to
the HES1 promoter to enhance Notch signaling and,
subsequently, CRC cell proliferation. Collectively, these
findings suggest that NCoA-3 might be a potential
target for CRC treatment.

instance, lymph node invasiveness) . Comparison
of colon adenocarcinoma and normal tissue samples
showed that both p300 and CREB-binding protein are
overexpressed in tumors. However, while increased
CREB-binding protein tumor expression is associated
with overall good patient survival, p300 overexpression
[70]
is associated with poor patient survival .
p300 and CREB-binding protein have a key role
in the regulation of the WNT/β-catenin signaling
[71,72]
pathway
and several studies connected them to
[73]
CRC . Specifically, p300-mediated WNT signaling
has been associated with embryonic stem cell (ESC)
differentiation, while CREB-binding protein-mediated
[71]
WNT activity promotes cell proliferation . Finally,
selectively blocking the association between β-catenin
and CREB-binding protein with ICG-001 downregulates
[74,75]
WNT transcriptional activity in CRC cells
.

NCoA-6

NCoA-6, also referred to as NRC, ASC-2, TRBP, PRIP and
RAP250, was originally isolated as a ligand-dependent
[56]
NR-interacting protein . The NCOA6 gene is amplified
[57]
and overexpressed in breast, colon and lung cancer .
Recently, NCoA-6 has emerged as an important
coactivator not only of NRs, but also of a number of
other well-known transcription factors involved in CRC,
[58]
such as c-Jun and p53 .

Peroxisome proliferator-activated receptor-γ coactivator
1-α

PPARGC1A encodes a transcriptional coactivator
(PGC1-α) that regulates mitochondrial biogenesis and
[59]
[60]
function . PGC1-α enhances the activity of PPARγ
and also of other members of the NR superfamily (e.g.,
RXR, FXR and RAR) that are involved in the modulation
[19,61,62]
of intestinal cell differentiation and apoptosis
.
In the normal intestinal epithelium, PGC1-α is highly
expressed in differentiated enterocytes at the surface
where cells produce and accumulate reactive oxygen
species. Conversely, its expression is reduced in
crypts and in colorectal tumors. Indeed, the mRNA
levels of PPARGC1A and its target genes are reduced
by 70%-90% in colon tumor samples from patients
Min/+
with FAP and from Apc
mice, compared with the
[63]
adjacent healthy intestinal mucosa .
Furthermore, PGC1-α ectopic expression in CRC
cells leads to a reduction of their proliferative rate
and to a proapoptotic effect. In agreement, mice that
overexpress PGC1-α in the intestinal epithelium are
protected against tumors, whereas the opposite is
-/observed in Ppargc1a mice. Altogether, these data
suggest that by regulating the intestinal cell fate,
PGC1-α could play a role in protecting against CRC
[63]
formation and mitochondria-mediated apoptosis .

Mediator of RNA polymerase II transcription subunit 1

Mediator of RNA polymerase II transcription subunit
1 (also known as mediator complex subunit 1, MED1,
or TRAP220) is the main subunit of the TRAP/Mediator
[76]
[77]
complex
and a coactivator of PPARγ . MED1
mRNA levels are lower in CRC tissues than in the
[47]
adjacent normal mucosa . Moreover, absence of
MED1 expression in CRC is correlated with lymph node
[78]
metastasis and with advanced TNM stage . It has
been reported that the MED1 gene is hypermethylated
in CRC tumors and also in the matched normal
mucosa. This indicates that MED1 silencing occurs
early in CRC formation and is associated with cancer
[79]
initiation rather than cancer progression .

TRANSCRIPTIONAL COREPRESSORS
Nuclear receptor corepressor 1 and 2

Nuclear receptor corepressor (N-CoR or N-CoR1) and
the highly similar silencing mediator of retinoic and
thyroid receptor (N-CoR2 or SMRT) were the first
identified NR corepressors, based on their ability to
[80,81]
mediate transcriptional repression of TR and RARs
.
Additional studies revealed that N-CoR1 and N-CoR2
mediate the ligand-independent interaction with
other NRs. The NR interaction domains located in the
C-terminus of N-CoR1 and N-CoR2 correspond to the
so-called corepressor NR boxes (CoRNR) and harbor
the consensus sequence L/I-X-X-I/V-I or LXXXI/
[82]
LXXXI/L . Both corepressors exert their function
by recruiting various proteins to specific promoters,
particularly histone deacetylases 3 (HDAC3), one
of the main actors responsible for their repressive
[83]
activity . Interestingly, HDAC3 is overexpressed in
human colorectal adenocarcinomas and in CRC cell
[84-86]
lines
. Moreover, HDAC3 plays a central role in
regulating CRC cell proliferation and differentiation,
[84]
particularly through the regulation of p21 .
In CRC, N-CoR2 is aberrantly expressed in all tested

p300 and CREB-binding protein

CREB-binding protein and p300 are two closely
homologous proteins involved in multiple biological
processes. They function as coregulators and also
[64,65]
as HATs
. p300 plays a role in many cellular
activities, including cell differentiation, growth and
[66]
DNA repair . A study performed on 27 primary
colon adenocarcinoma samples showed that p300
inactivation due to a missense point mutation could
[67]
be involved in CRC development . In addition, p300
loss in HCT116 cells results in a more aggressive
phenotype characterized by increased cell migra
[68]
tion and reduced cell adhesion . Finally, low p300
expression is associated with CRC aggressiveness (for
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[87]

primary tumors . Moreover, increased IKKα activity
in CRC has been correlated with the specific phosphory
lation of Ser-2410 in N-CoR2. This phosphorylation
event also leads to N-CoR2 cytoplasmic translocation
[88]
and degradation . IKKα recruitment to chromatin is
associated with the transcriptional activation of different
Notch target genes (including HES1 and HES5) and with
[87]
N-CoR2 release from the corresponding promoters .
On the other hand, NCOR1 expression level is
[47]
higher in human CRC tissues than in normal mucosa .
IKKα also phosphorylates N-CoR1 and aberrant N-CoR1
[89]
cytoplasmic localization is a general feature of CRC .
Specifically, N-CoR1 is excluded from the nucleus of
98% of tested tumor samples, whereas it is mainly
nuclear in the normal mucosa. These results indicate
that N-CoR1 nuclear export might be associated with
intestinal tumorigenesis.

Moreover, immunoprecipitation experiments in Caco2
cells showed that the tumor suppressor KLF6 interacts
[98]
with LCoR . Interestingly, KLF6 is inactivated in CRC,
suggesting that it might play an important role in CRC
[99]
development . As consequence, LCoR interaction with
KLF6 could have potential implications in CRC initiation
and development.

Metastasis-associated protein 1

3-Metastasis-associated protein 1 (MTA1) is a com
ponent of the nuclear remodeling and deacetylation
(NuRD) complex that is associated with adenosine
triphosphate-dependent chromatin remodeling and
[100,101]
transcriptional regulation (for reviews, see
). MTA1
overexpression is closely correlated with an aggressive
course in several human carcinoma types. Aberrant
[47]
MTA1 expression has been observed in CRC . MTA1
mRNA overexpression in CRC has been correlated
with deeper invasion through the intestine wall and
[102]
higher lymph node metastasis rate . Similarly, MTA1
protein expression is significantly higher in moderately
and poorly differentiated CRC specimens and liver
metastatic tumors compared with normal colon tissues.
Moreover, MTA1 overexpression in HCT116 cells en
hances cell proliferation, migration and adhesion, while
[103]
MTA1 silencing inhibits these functions .

Nuclear receptor-interacting protein 1

This transcription coregulator, also known as receptorinteracting protein of 140 kDa (RIP140), was originally
identified in breast cancer as a modulator of ERα
[90]
activity . Subsequently, it was reported to interact
and inhibit other transcription factors, including NRs
[91]
and E2F transcription factors . 2-Nuclear receptorinteracting protein 1 (NRIP1) exerts its repressive
activity via four inhibitory domains that recruit histone
[92]
deacetylases or C-terminal binding proteins . Several
post-translational modifications, such as acetylation
and sumoylation, play important roles in controlling
[93]
NRIP1 subcellular localization and repressive activity .
In a recent study, we showed that NRIP1 plays a
major role in normal and malignant development of
the intestinal epithelium by exerting a negative control
on the WNT/β-catenin signaling pathway through
[94]
regulation of APC transcription . Furthermore,
NRIP1 expression (both mRNA and protein) is lower
in CRC samples than in the adjacent healthy tissue.
Interestingly, NRIP1 is considered a marker of good
prognosis in CRC. Overall survival is better in patients
with a CRC that strongly expresses NRIP1 than in
patients whose tumor shows low NRIP1 expression.
Nevertheless, NRIP1 cross-talk with the WNT/
β-catenin signaling pathway is complex because
another study using co-immunoprecipitation assays in
human hepatocellular MHCC97 cells showed that NRIP1
[95]
can also interact directly with β-catenin .
We recently identified the transcription coregulator
[96]
as a partner
ligand-dependent corepressor (LCoR)
[97]
and transcriptional target of NRIP1 (Jalaguier et al
submitted for publication). Similar to NRIP1, LCoR
was first discovered thanks to its ligand-dependent
interaction with ERα, and subsequently was found
to interact with many other NRs. The LCOR gene is
widely expressed in embryonic and adult tissues.
LCoR is expressed also in many human cell lines,
and this expression is particularly high in Caco2 cells.
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CONCLUSION
NR coregulators (coactivators and corepressors)
represent a family of key regulatory transcription
factors that control major steps in gene expression,
including not only transcriptional initiation but also
elongation, splicing and translation. These molecules
are both targets and depositors of a huge number of
post-translational modification marks that could play
a key role in intestinal pathogenesis. By cross-talking
with factors that are part of other signaling pathways,
these transcription coregulators are centrally positioned
to finely tune major physiopathological processes, such
as development, energy storage and utilization, as
well as tumor initiation and progression. In this review,
we summarized how the expression of the main NR
coregulators is dysregulated in CRC (see Table 2 for
a synthetic summary). In most of the cases, the
molecular mechanisms responsible for the expression
deregulation in intestinal tumors are not fully known.
One major mechanism could involve variation in gene
copy number. As shown in Table 2, this is a relevant
explanation in several cases, but other levels of
regulation (transcriptional or post-transcriptional) could
also be involved. In addition, the multiple qualitative
alterations of these genes (i.e., mutations affecting
their coding sequence) that have been identified in
CRC (Table 3) could play a major role in controlling
their biological activity. We also discussed the links
between NR coregulators and the WNT/β-catenin
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Corepressors

Coactivators

Coactivators
Corepressors

Corepressors

β-catenin
NR NR

TCF LEF

Nuclear receptors (NRs)
(ER, PPAR, VDR, RXR, RAR...)

Wnt/β-catenin

Cell proliferation
Differentiation
Tumorigenesis

Figure 1 Overall scheme integrating the different pathways and actors involved. NR: Nuclear receptor.

Table 2 Copy number variation and expression levels of
nuclear receptor coregulators in human colorectal cancer

Table 3 Mutations identified in the different nuclear receptor
coregulator genes in human colorectal cancer n (%)

Coregulator

CNV (%)

Expression

Coregulator

NCOA1
NCOA2

Gain (5.5)
Gain (30.1)

ND
↑ or ↓

NCOA3

Gain (40.6)

↑

NCOA6
PPARGC1A
EP300
CREBBP
MED1

↑
↓
↑
↑
↓

NCOR1
NCOR2

Gain (42.7)
Loss (8.4)
Loss (19.3)
Gain (5.3)
Gain (11.8)
Loss (8.4)
Loss (40.4)
Gain (9.8)

NRIP1
MTA1

Loss (17.2)
Loss (15.0)

↓
↑

↑
↑

Ref.
Giannini 2005, Grivas
2009, Yu 2016
Anzick 1997, Aust 2004,
Xie 2005
Lee 1999
D’Errico 2011
Ishihama 2007
Ishihama 2007
Giannini 2005

NCOA1
NCOA2
NCOA3
NCOA6
PPARGC1A
EP300
CREBBP
MED1
NCOR1
NCOR2
NRIP1
MTA1

Fernández-Majada 2007
Giannini 2005, FernándezMajada 2007
Lapierre 2014
Toh 1997

187 Chinese patients
(COCA-CN)
Patients
Mutations
affected
9 (4.81)
14
26 (13.90)1
32
9 (4.81)
10
8 (4.28)
10
5 (2.67)
6
14 (7.49)1
21
7 (3.74)
11
6 (3.21)
6
23 (12.30)1
48
30 (16.04)1
40
6 (3.21)
10
12 (6.42)1
13

Data from the ICGC Data Portal (https://dcc.icgc.org). 1Indicated genes
with mutations detected in more than 5% of patients.

Gene copy number analysis was performed in 379 CRC samples from
the “Carte d’Identité des Tumeurs de la Ligue contre le Cancer” using
the Nexus Copy Number software (BioDiscovery, CA, United States).
The percentage of CRC specimens showing chromosomic gains and
losses are indicated (B. Orsetti, personal communication). Variations in
the expression level were determined using the data extracted from the
indicated references. ND: Not determined; CRC: Colorectal cancer.

Table 4 Effects of the different nuclear receptors coregulators
on the WNT signaling pathway
Coregulator

signaling pathway that involve, in several cases, a
direct interaction with β-catenin (Table 4). Finally,
we summarized what is known about the biological
relevance of these different cross-talks in intestinal
physiopathology (Figure 1 for an overall scheme
integrating the different pathways and actors that are
involved). Often, their effects have been assessed only
using in vitro experimental approaches. Therefore,
additional work using transgenic mouse models is
required to precisely determine their role in CRC. This
will certainly lead to useful information that may help
clinicians to improve therapeutic interventions and to

WJG|www.wjgnet.com

216 United States patients
(COAD-US)
Patients
Mutations
affected
6 (2.78)
7
10 (4.63)
10
21 (9.72)1
17
19 (8.80)1
21
10 (4.63)
12
13 (6.02)1
15
18 (8.33)1
20
3 (1.39)
4
21 (9.72)1
25
41 (18.98)1
43
5 (2.31)
5
11 (5.09)1
11

Effect

Assay

Domains on
β-catenin

Ref.

NCoA-1

↑

GPD CoIP

aa 234-585

NCoA-2

↓

GPD

CREBBP

↑

Y2H GPD
CoIP
GPD
GPD
CoIP

C-terminal part
(aa)
AR10 to C-ter

Li 2004, Tong
2015
Li 2004, Song
2005, Yu 2016
Takemaru 2000

N-CoR1
N-CoR2
NRIP1

↓

aa 120-683
aa 120-683

Song 2008
Song 2008
Zhang 2014

Y2H: Yeast two-hybrid assay; CoIP: Coimmunoprecipitation assay; GPD:
GST-pull down assay; AR: Armadillo repeat.

develop better prognostic tools for CRC.

4486

July 7, 2017|Volume 23|Issue 25|

Triki M et al . Nuclear receptor coregulators in CRC

ACKNOWLEDGMENTS

18

We thank Dr. C Teyssier and S Jalaguier for critical
proof-reading of the manuscript. We thank Dr. B Orsetti
for extracting and sharing CNV data.

19

REFERENCES
1

2

3
4

5
6
7
8

9
10

11
12
13

14
15
16
17

Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo
M, Parkin DM, Forman D, Bray F. Cancer incidence and mortality
worldwide: sources, methods and major patterns in GLOBOCAN
2012. Int J Cancer 2015; 136: E359-E386 [PMID: 25220842 DOI:
10.1002/ijc.29210]
Gonzalez CA, Riboli E. Diet and cancer prevention: Contributions
from the European Prospective Investigation into Cancer and
Nutrition (EPIC) study. Eur J Cancer 2010; 46: 2555-2562 [PMID:
20843485 DOI: 10.1016/j.ejca.2010.07.025]
Fearon ER, Vogelstein B. A genetic model for colorectal
tumorigenesis. Cell 1990; 61: 759-767 [PMID: 2188735]
Deschoolmeester V, Baay M, Specenier P, Lardon F, Vermorken
JB. A review of the most promising biomarkers in colorectal cancer:
one step closer to targeted therapy. Oncologist 2010; 15: 699-731
[PMID: 20584808 DOI: 10.1634/theoncologist.2010-0025]
Markowitz SD, Bertagnolli MM. Molecular origins of cancer:
Molecular basis of colorectal cancer. N Engl J Med 2009; 361:
2449-2460 [PMID: 20018966 DOI: 10.1056/NEJMra0804588]
Lynch HT, Lynch JF. Genetics of colonic cancer. Digestion 1998;
59: 481-492 [PMID: 9705533]
Toyota M, Ahuja N, Ohe-Toyota M, Herman JG, Baylin SB, Issa
JP. CpG island methylator phenotype in colorectal cancer. Proc
Natl Acad Sci USA 1999; 96: 8681-8686 [PMID: 10411935]
Guinney J, Dienstmann R, Wang X, de Reyniès A, Schlicker A,
Soneson C, Marisa L, Roepman P, Nyamundanda G, Angelino P,
Bot BM, Morris JS, Simon IM, Gerster S, Fessler E, De Sousa E
Melo F, Missiaglia E, Ramay H, Barras D, Homicsko K, Maru
D, Manyam GC, Broom B, Boige V, Perez-Villamil B, Laderas
T, Salazar R, Gray JW, Hanahan D, Tabernero J, Bernards R,
Friend SH, Laurent-Puig P, Medema JP, Sadanandam A, Wessels
L, Delorenzi M, Kopetz S, Vermeulen L, Tejpar S. The consensus
molecular subtypes of colorectal cancer. Nat Med 2015; 21:
1350-1356 [PMID: 26457759 DOI: 10.1038/nm.3967]
Clevers H, Nusse R. Wnt/β-catenin signaling and disease.
Cell 2012; 149: 1192-1205 [PMID: 22682243 DOI: 10.1016/
j.cell.2012.05.012]
Mangelsdorf DJ, Thummel C, Beato M, Herrlich P, Schütz G,
Umesono K, Blumberg B, Kastner P, Mark M, Chambon P, Evans
RM. The nuclear receptor superfamily: the second decade. Cell
1995; 83: 835-839 [PMID: 8521507]
Xiao X, Wang P, Chou KC. Recent progresses in identifying
nuclear receptors and their families. Curr Top Med Chem 2013; 13:
1192-1200 [PMID: 23647541]
Germain P, Staels B, Dacquet C, Spedding M, Laudet V.
Overview of nomenclature of nuclear receptors. Pharmacol Rev
2006; 58: 685-704 [PMID: 17132848 DOI: 10.1124/pr.58.4.2]
Bain DL, Heneghan AF, Connaghan-Jones KD, Miura MT.
Nuclear receptor structure: implications for function. Annu Rev
Physiol 2007; 69: 201-220 [PMID: 17137423 DOI: 10.1146/
annurev.physiol.69.031905.160308]
Kushner PJ, Agard DA, Greene GL, Scanlan TS, Shiau AK,
Uht RM, Webb P. Estrogen receptor pathways to AP-1. J Steroid
Biochem Mol Biol 2000; 74: 311-317 [PMID: 11162939]
Berger C, Qian Y, Chen X. The p53-estrogen receptor loop in
cancer. Curr Mol Med 2013; 13: 1229-1240 [PMID: 23865427]
Safe S. Transcriptional activation of genes by 17 beta-estradiol
through estrogen receptor-Sp1 interactions. Vitam Horm 2001; 62:
231-252 [PMID: 11345900]
Sas L, Lardon F, Vermeulen PB, Hauspy J, Van Dam P, Pauwels P,
Dirix LY, Van Laere SJ. The interaction between ER and NFκB in
resistance to endocrine therapy. Breast Cancer Res 2012; 14: 212

WJG|www.wjgnet.com

20
21

22

23
24

25

26
27
28
29

30

31

32

33

4487

[PMID: 22963717 DOI: 10.1186/bcr3196]
Mulholland DJ, Dedhar S, Coetzee GA, Nelson CC. Interaction
of nuclear receptors with the Wnt/beta-catenin/Tcf signaling axis:
Wnt you like to know?Endocr Rev 2005; 26: 898-915 [PMID:
16126938 DOI: 10.1210/er.2003-0034]
Modica S, Gofflot F, Murzilli S, D’Orazio A, Salvatore L,
Pellegrini F, Nicolucci A, Tognoni G, Copetti M, Valanzano R,
Veschi S, Mariani-Costantini R, Palasciano G, Schoonjans K,
Auwerx J, Moschetta A. The intestinal nuclear receptor signature
with epithelial localization patterns and expression modulation
in tumors. Gastroenterology 2010; 138: 636-648, 648.e1-648.12
[PMID: 19818784 DOI: 10.1053/j.gastro.2009.09.060]
D’Errico I, Moschetta A. Nuclear receptors, intestinal architecture
and colon cancer: an intriguing link. Cell Mol Life Sci 2008; 65:
1523-1543 [PMID: 18278436 DOI: 10.1007/s00018-008-7552-1]
Wada-Hiraike O, Imamov O, Hiraike H, Hultenby K, Schwend
T, Omoto Y, Warner M, Gustafsson JA. Role of estrogen receptor
beta in colonic epithelium.Proc Natl Acad Sci USA 2006; 103:
2959-2964 [PMID: 16477031 DOI: 10.1073/pnas.0511271103]
Kallay E, Pietschmann P, Toyokuni S, Bajna E, Hahn P, Mazzucco
K, Bieglmayer C, Kato S, Cross HS. Characterization of a
vitamin D receptor knockout mouse as a model of colorectal
hyperproliferation and DNA damage. Carcinogenesis 2001; 22:
1429-1435 [PMID: 11532865]
Logan CY, Nusse R. The Wnt signaling pathway in development
and disease. Annu Rev Cell Dev Biol 2004; 20: 781-810 [PMID:
15473860 DOI: 10.1146/annurev.cellbio.20.010403.113126]
Botrugno OA, Fayard E, Annicotte JS, Haby C, Brennan
T, Wendling O, Tanaka T, Kodama T, Thomas W, Auwerx J,
Schoonjans K. Synergy between LRH-1 and beta-catenin induces
G1 cyclin-mediated cell proliferation. Mol Cell 2004; 15: 499-509
[PMID: 15327767 DOI: 10.1016/j.molcel.2004.07.009]
Pálmer HG, González-Sancho JM, Espada J, Berciano MT, Puig
I, Baulida J, Quintanilla M, Cano A, de Herreros AG, Lafarga
M, Muñoz A. Vitamin D(3) promotes the differentiation of colon
carcinoma cells by the induction of E-cadherin and the inhibition
of beta-catenin signaling. J Cell Biol 2001; 154: 369-387 [PMID:
11470825]
Easwaran V, Pishvaian M, Salimuddin, Byers S. Cross-regulation
of beta-catenin-LEF/TCF and retinoid signaling pathways. Curr
Biol 1999; 9: 1415-1418 [PMID: 10607566]
Chesire DR, Isaacs WB. Ligand-dependent inhibition of betacatenin/TCF signaling by androgen receptor. Oncogene 2002; 21:
8453-8469 [PMID: 12466965 DOI: 10.1038/sj.onc.1206049]
He TC, Chan TA, Vogelstein B, Kinzler KW. PPARdelta is an
APC-regulated target of nonsteroidal anti-inflammatory drugs. Cell
1999; 99: 335-345 [PMID: 10555149]
Gupta RA, Tan J, Krause WF, Geraci MW, Willson TM, Dey
SK, DuBois RN. Prostacyclin-mediated activation of peroxisome
proliferator-activated receptor delta in colorectal cancer. Proc Natl
Acad Sci USA 2000; 97: 13275-13280 [PMID: 11087869 DOI:
10.1073/pnas.97.24.13275]
VanDussen KL, Carulli AJ, Keeley TM, Patel SR, Puthoff BJ,
Magness ST, Tran IT, Maillard I, Siebel C, Kolterud Å, Grosse
AS, Gumucio DL, Ernst SA, Tsai YH, Dempsey PJ, Samuelson
LC. Notch signaling modulates proliferation and differentiation of
intestinal crypt base columnar stem cells. Development 2012; 139:
488-497 [PMID: 22190634 DOI: 10.1242/dev.070763]
Peignon G, Durand A, Cacheux W, Ayrault O, Terris B, LaurentPuig P, Shroyer NF, Van Seuningen I, Honjo T, Perret C,
Romagnolo B. Complex interplay between β-catenin signalling and
Notch effectors in intestinal tumorigenesis. Gut 2011; 60: 166-176
[PMID: 21205878 DOI: 10.1136/gut.2009.204719]
Kress E, Rezza A, Nadjar J, Samarut J, Plateroti M. The frizzledrelated sFRP2 gene is a target of thyroid hormone receptor alpha1
and activates beta-catenin signaling in mouse intestine. J Biol
Chem 2009; 284: 1234-1241 [PMID: 19001373 DOI: 10.1074/jbc.
M806548200]
Sirakov M, Boussouar A, Kress E, Frau C, Lone IN, Nadjar J,
Angelov D, Plateroti M. The thyroid hormone nuclear receptor
TRα1 controls the Notch signaling pathway and cell fate in murine

July 7, 2017|Volume 23|Issue 25|

Triki M et al . Nuclear receptor coregulators in CRC

34
35

36

37

38

39

40

41

42
43

44

45

46

47
48

49

intestine. Development 2015; 142: 2764-2774 [PMID: 26286942
DOI: 10.1242/dev.121962]
Oñate SA, Tsai SY, Tsai MJ, O’Malley BW. Sequence and
characterization of a coactivator for the steroid hormone receptor
superfamily. Science 1995; 270: 1354-1357 [PMID: 7481822]
Xu J, Wu RC, O’Malley BW. Normal and cancer-related functions
of the p160 steroid receptor co-activator (SRC) family. Nat Rev
Cancer 2009; 9: 615-630 [PMID: 19701241 DOI: 10.1038/
nrc2695]
Zhu Y, Qi C, Calandra C, Rao MS, Reddy JK. Cloning and
identification of mouse steroid receptor coactivator-1 (mSRC-1), as
a coactivator of peroxisome proliferator-activated receptor gamma.
Gene Expr 1996; 6: 185-195 [PMID: 9041124]
Fonte C, Grenier J, Trousson A, Chauchereau A, Lahuna
O, Baulieu EE, Schumacher M, Massaad C. Involvement
of {beta}-catenin and unusual behavior of CBP and p300 in
glucocorticosteroid signaling in Schwann cells. Proc Natl Acad Sci
USA 2005; 102: 14260-14265 [PMID: 16186500 DOI: 10.1073/
pnas.0506930102]
Li H, Kim JH, Koh SS, Stallcup MR. Synergistic effects of
coactivators GRIP1 and beta-catenin on gene activation: cross-talk
between androgen receptor and Wnt signaling pathways. J Biol
Chem 2004; 279: 4212-4220 [PMID: 14638683 DOI: 10.1074/jbc.
M311374200]
Tong Z, Li M, Wang W, Mo P, Yu L, Liu K, Ren W, Li W, Zhang
H, Xu J, Yu C. Steroid Receptor Coactivator 1 Promotes Human
Hepatocellular Carcinoma Progression by Enhancing Wnt/
β-Catenin Signaling. J Biol Chem 2015; 290: 18596-18608 [PMID:
26082485 DOI: 10.1074/jbc.M115.640490]
Koh SS, Chen D, Lee YH, Stallcup MR. Synergistic enhancement
of nuclear receptor function by p160 coactivators and two
coactivators with protein methyltransferase activities. J Biol Chem
2001; 276: 1089-1098 [PMID: 11050077 DOI: 10.1074/jbc.
M004228200]
Jain S, Pulikuri S, Zhu Y, Qi C, Kanwar YS, Yeldandi AV, Rao MS,
Reddy JK. Differential expression of the peroxisome proliferatoractivated receptor gamma (PPARgamma) and its coactivators
steroid receptor coactivator-1 and PPAR-binding protein PBP in
the brown fat, urinary bladder, colon, and breast of the mouse. Am
J Pathol 1998; 153: 349-354 [PMID: 9708794]
Chen C, Lu Y, Liu J, Li L, Zhao N, Lin B. Genome-wide ChIP-seq
analysis of TCF4 binding regions in colorectal cancer cells. Int J
Clin Exp Med 2014; 7: 4253-4259 [PMID: 25550940]
Voegel JJ, Heine MJ, Zechel C, Chambon P, Gronemeyer H.
TIF2, a 160 kDa transcriptional mediator for the ligand-dependent
activation function AF-2 of nuclear receptors. EMBO J 1996; 15:
3667-3675 [PMID: 8670870]
Mukherjee A, Soyal SM, Fernandez-Valdivia R, Gehin M,
Chambon P, Demayo FJ, Lydon JP, O’Malley BW. Steroid receptor
coactivator 2 is critical for progesterone-dependent uterine function
and mammary morphogenesis in the mouse. Mol Cell Biol 2006;
26: 6571-6583 [PMID: 16914740 DOI: 10.1128/MCB.00654-06]
Picard F, Géhin M, Annicotte J, Rocchi S, Champy MF, O’Malley
BW, Chambon P, Auwerx J. SRC-1 and TIF2 control energy
balance between white and brown adipose tissues. Cell 2002; 111:
931-941 [PMID: 12507421]
Torchia J, Rose DW, Inostroza J, Kamei Y, Westin S, Glass CK,
Rosenfeld MG. The transcriptional co-activator p/CIP binds CBP
and mediates nuclear-receptor function. Nature 1997; 387: 677-684
[PMID: 9192892 DOI: 10.1038/42652]
Giannini R, Cavallini A. Expression analysis of a subset of
coregulators and three nuclear receptors in human colorectal
carcinoma. Anticancer Res 2005; 25: 4287-4292 [PMID: 16309230]
Grivas PD, Tzelepi V, Sotiropoulou-Bonikou G, Kefalopoulou
Z, Papavassiliou AG, Kalofonos H. Estrogen receptor alpha/beta,
AIB1, and TIF2 in colorectal carcinogenesis: do coregulators have
prognostic significance? Int J Colorectal Dis 2009; 24: 613-622
[PMID: 19198856 DOI: 10.1007/s00384-009-0647-9]
Yu J, Wu WK, Liang Q, Zhang N, He J, Li X, Zhang X, Xu L,
Chan MT, Ng SS, Sung JJ. Disruption of NCOA2 by recurrent

WJG|www.wjgnet.com

50

51

52

53

54

55

56

57

58

59
60
61

62

63

64

4488

fusion with LACTB2 in colorectal cancer. Oncogene 2016; 35:
187-195 [PMID: 25823027 DOI: 10.1038/onc.2015.72]
Song LN, Gelmann EP. Interaction of beta-catenin and TIF2/
GRIP1 in transcriptional activation by the androgen receptor. J Biol
Chem 2005; 280: 37853-37867 [PMID: 16141201 DOI: 10.1074/
jbc.M503850200]
Anzick SL, Kononen J, Walker RL, Azorsa DO, Tanner MM,
Guan XY, Sauter G, Kallioniemi OP, Trent JM, Meltzer PS. AIB1,
a steroid receptor coactivator amplified in breast and ovarian
cancer. Science 1997; 277: 965-968 [PMID: 9252329]
Aust DE, Muders M, Köhler A, Schmidt M, Diebold J, Müller
C, Löhrs U, Waldman FM, Baretton GB. Prognostic relevance
of 20q13 gains in sporadic colorectal cancers: a FISH analysis.
Scand J Gastroenterol 2004; 39: 766-772 [PMID: 15513363 DOI:
10.1080/00365520410003191]
Xie D, Sham JS, Zeng WF, Lin HL, Bi J, Che LH, Hu L,
Zeng YX, Guan XY. Correlation of AIB1 overexpression with
advanced clinical stage of human colorectal carcinoma. Hum
Pathol 2005; 36: 777-783 [PMID: 16084947 DOI: 10.1016/
j.humpath.2005.05.007]
Sakakura C, Hagiwara A, Yasuoka R, Fujita Y, Nakanishi M,
Masuda K, Kimura A, Nakamura Y, Inazawa J, Abe T, Yamagishi
H. Amplification and over-expression of the AIB1 nuclear receptor
co-activator gene in primary gastric cancers. Int J Cancer 2000;
89: 217-223 [PMID: 10861496]
Mo P, Zhou Q, Guan L, Wang Y, Wang W, Miao M, Tong Z, Li
M, Majaz S, Liu Y, Su G, Xu J, Yu C. Amplified in breast cancer 1
promotes colorectal cancer progression through enhancing notch
signaling. Oncogene 2015; 34: 3935-3945 [PMID: 25263446 DOI:
10.1038/onc.2014.324]
Mahajan MA, Samuels HH. Nuclear hormone receptor
coregulator: role in hormone action, metabolism, growth, and
development. Endocr Rev 2005; 26: 583-597 [PMID: 15561801
DOI: 10.1210/er.2004-0012]
Lee SK, Anzick SL, Choi JE, Bubendorf L, Guan XY, Jung YK,
Kallioniemi OP, Kononen J, Trent JM, Azorsa D, Jhun BH, Cheong
JH, Lee YC, Meltzer PS, Lee JW. A nuclear factor, ASC-2, as a
cancer-amplified transcriptional coactivator essential for liganddependent transactivation by nuclear receptors in vivo. J Biol
Chem 1999; 274: 34283-34293 [PMID: 10567404]
Mahajan MA, Murray A, Levy D, Samuels HH. Nuclear
receptor coregulator (NRC): mapping of the dimerization domain,
activation of p53 and STAT-2, and identification of the activation
domain AD2 necessary for nuclear receptor signaling. Mol
Endocrinol 2007; 21: 1822-1834 [PMID: 17536006 DOI: 10.1210/
me.2005-0529]
Kelly DP, Scarpulla RC. Transcriptional regulatory circuits
controlling mitochondrial biogenesis and function. Genes Dev
2004; 18: 357-368 [PMID: 15004004 DOI: 10.1101/gad.1177604]
Puigserver P, Wu Z, Park CW, Graves R, Wright M, Spiegelman
BM. A cold-inducible coactivator of nuclear receptors linked to
adaptive thermogenesis. Cell 1998; 92: 829-839 [PMID: 9529258]
Modica S, Murzilli S, Salvatore L, Schmidt DR, Moschetta
A. Nuclear bile acid receptor FXR protects against intestinal
tumorigenesis. Cancer Res 2008; 68: 9589-9594 [PMID: 19047134
DOI: 10.1158/0008-5472.CAN-08-1791]
Xiao JH, Ghosn C, Hinchman C, Forbes C, Wang J, Snider N,
Cordrey A, Zhao Y, Chandraratna RA. Adenomatous polyposis
coli (APC)-independent regulation of beta-catenin degradation via
a retinoid X receptor-mediated pathway. J Biol Chem 2003; 278:
29954-29962 [PMID: 12771132 DOI: 10.1074/jbc.M304761200]
D’Errico I, Salvatore L, Murzilli S, Lo Sasso G, Latorre D,
Martelli N, Egorova AV, Polishuck R, Madeyski-Bengtson K,
Lelliott C, Vidal-Puig AJ, Seibel P, Villani G, Moschetta A.
Peroxisome proliferator-activated receptor-gamma coactivator
1-alpha (PGC1alpha) is a metabolic regulator of intestinal
epithelial cell fate. Proc Natl Acad Sci USA 2011; 108: 6603-6608
[PMID: 21467224 DOI: 10.1073/pnas.1016354108]
Arany Z, Sellers WR, Livingston DM, Eckner R. E1A-associated
p300 and CREB-associated CBP belong to a conserved family of

July 7, 2017|Volume 23|Issue 25|

Triki M et al . Nuclear receptor coregulators in CRC

65
66

67

68

69

70

71

72
73

74

75

76

77

78

79

80
81

coactivators. Cell 1994; 77: 799-800 [PMID: 8004670]
Ogryzko VV, Schiltz RL, Russanova V, Howard BH, Nakatani
Y. The transcriptional coactivators p300 and CBP are histone
acetyltransferases. Cell 1996; 87: 953-959 [PMID: 8945521]
Shikama N, Lee CW, France S, Delavaine L, Lyon J, KrsticDemonacos M, La Thangue NB. A novel cofactor for p300 that
regulates the p53 response. Mol Cell 1999; 4: 365-376 [PMID:
10518217]
Muraoka M, Konishi M, Kikuchi-Yanoshita R, Tanaka K, Shitara
N, Chong JM, Iwama T, Miyaki M. p300 gene alterations in
colorectal and gastric carcinomas. Oncogene 1996; 12: 1565-1569
[PMID: 8622873]
Iyer NG, Chin SF, Ozdag H, Daigo Y, Hu DE, Cariati M, Brindle
K, Aparicio S, Caldas C. p300 regulates p53-dependent apoptosis
after DNA damage in colorectal cancer cells by modulation of
PUMA/p21 levels. Proc Natl Acad Sci USA 2004; 101: 7386-7391
[PMID: 15123817 DOI: 10.1073/pnas.0401002101]
Huh JW, Kim HC, Kim SH, Park YA, Cho YB, Yun SH, Lee
WY, Chun HK. Prognostic impact of p300 expression in patients
with colorectal cancer. J Surg Oncol2013; 108: 374-377 [PMID:
24142575 DOI: 10.1002/jso.23405]
Ishihama K, Yamakawa M, Semba S, Takeda H, Kawata S,
Kimura S, Kimura W. Expression of HDAC1 and CBP/p300 in
human colorectal carcinomas. J Clin Pathol 2007; 60: 1205-1210
[PMID: 17720775 DOI: 10.1136/jcp.2005.029165]
Miyabayashi T, Teo JL, Yamamoto M, McMillan M, Nguyen C,
Kahn M. Wnt/beta-catenin/CBP signaling maintains long-term
murine embryonic stem cell pluripotency. Proc Natl Acad Sci
USA 2007; 104: 5668-5673 [PMID: 17372190 DOI: 10.1073/
pnas.0701331104]
Takemaru KI, Moon RT. The transcriptional coactivator CBP
interacts with beta-catenin to activate gene expression. J Cell Biol
2000; 149: 249-254 [PMID: 10769018]
Bordonaro M, Lazarova DL. CREB-binding protein, p300,
butyrate, and Wnt signaling in colorectal cancer. World J
Gastroenterol 2015; 21: 8238-8248 [PMID: 26217075 DOI:
10.3748/wjg.v21.i27.8238]
Emami KH, Nguyen C, Ma H, Kim DH, Jeong KW, Eguchi
M, Moon RT, Teo JL, Kim HY, Moon SH, Ha JR, Kahn M. A
small molecule inhibitor of beta-catenin/CREB-binding protein
transcription [corrected]. Proc Natl Acad Sci USA 2004; 101:
12682-12687 [PMID: 15314234 DOI: 10.1073/pnas.0404875101]
Ma H, Nguyen C, Lee KS, Kahn M. Differential roles for the
coactivators CBP and p300 on TCF/beta-catenin-mediated
survivin gene expression. Oncogene 2005; 24: 3619-3631 [PMID:
15782138 DOI: 10.1038/sj.onc.1208433]
Yuan CX, Ito M, Fondell JD, Fu ZY, Roeder RG. The TRAP220
component of a thyroid hormone receptor- associated protein
(TRAP) coactivator complex interacts directly with nuclear
receptors in a ligand-dependent fashion. Proc Natl Acad Sci USA
1998; 95: 7939-7944 [PMID: 9653119]
Zhu Y, Qi C, Jain S, Rao MS, Reddy JK. Isolation and
characterization of PBP, a protein that interacts with peroxisome
proliferator-activated receptor. J Biol Chem 1997; 272:
25500-25506 [PMID: 9325263]
Kwon KA, Yun J, Oh SY, Seo BG, Lee S, Lee JH, Kim SH,
Choi HJ, Roh MS, Kim HJ. Clinical Significance of Peroxisome
Proliferator-Activated Receptor γ and TRAP220 in Patients with
Operable Colorectal Cancer. Cancer Res Treat 2016; 48: 198-207
[PMID: 26130665 DOI: 10.4143/crt.2015.024]
Howard JH, Frolov A, Tzeng CW, Stewart A, Midzak A,
Majmundar A, Godwin A, Heslin M, Bellacosa A, Arnoletti JP.
Epigenetic downregulation of the DNA repair gene MED1/MBD4
in colorectal and ovarian cancer. Cancer Biol Ther 2009; 8: 94-100
[PMID: 19127118]
Chen JD, Evans RM. A transcriptional co-repressor that interacts
with nuclear hormone receptors. Nature 1995; 377: 454-457
[PMID: 7566127 DOI: 10.1038/377454a0]
Hörlein AJ, Näär AM, Heinzel T, Torchia J, Gloss B, Kurokawa R,
Ryan A, Kamei Y, Söderström M, Glass CK. Ligand-independent

WJG|www.wjgnet.com

82
83

84

85

86

87

88

89

90

91

92

93
94

95

4489

repression by the thyroid hormone receptor mediated by a nuclear
receptor co-repressor. Nature 1995; 377: 397-404 [PMID: 7566114
DOI: 10.1038/377397a0]
Watson PJ, Fairall L, Schwabe JW. Nuclear hormone receptor corepressors: structure and function. Mol Cell Endocrinol 2012; 348:
440-449 [PMID: 21925568 DOI: 10.1016/j.mce.2011.08.033]
Fischle W, Dequiedt F, Hendzel MJ, Guenther MG, Lazar MA,
Voelter W, Verdin E. Enzymatic activity associated with class
II HDACs is dependent on a multiprotein complex containing
HDAC3 and SMRT/N-CoR. Mol Cell 2002; 9: 45-57 [PMID:
11804585]
Spurling CC, Godman CA, Noonan EJ, Rasmussen TP, Rosenberg
DW, Giardina C. HDAC3 overexpression and colon cancer cell
proliferation and differentiation. Mol Carcinog 2008; 47: 137-147
[PMID: 17849419 DOI: 10.1002/mc.20373]
Wilson AJ, Byun DS, Popova N, Murray LB, L’Italien K, Sowa
Y, Arango D, Velcich A, Augenlicht LH, Mariadason JM. Histone
deacetylase 3 (HDAC3) and other class I HDACs regulate colon
cell maturation and p21 expression and are deregulated in human
colon cancer. J Biol Chem 2006; 281: 13548-13558 [PMID:
16533812 DOI: 10.1074/jbc.M510023200]
Weichert W, Röske A, Niesporek S, Noske A, Buckendahl AC,
Dietel M, Gekeler V, Boehm M, Beckers T, Denkert C. Class
I histone deacetylase expression has independent prognostic
impact in human colorectal cancer: specific role of class I
histone deacetylases in vitro and in vivo. Clin Cancer Res 2008;
14: 1669-1677 [PMID: 18347167 DOI: 10.1158/1078-0432.
CCR-07-0990]
Fernández-Majada V, Aguilera C, Villanueva A, Vilardell F,
Robert-Moreno A, Aytés A, Real FX, Capella G, Mayo MW,
Espinosa L, Bigas A. Nuclear IKK activity leads to dysregulated
notch-dependent gene expression in colorectal cancer. Proc
Natl Acad Sci USA 2007; 104: 276-281 [PMID: 17190815 DOI:
10.1073/pnas.0606476104]
Hoberg JE, Yeung F, Mayo MW. SMRT derepression by the
IkappaB kinase alpha: a prerequisite to NF-kappaB transcription
and survival. Mol Cell 2004; 16: 245-255 [PMID: 15494311 DOI:
10.1016/j.molcel.2004.10.010]
Fernández-Majada V, Pujadas J, Vilardell F, Capella G, Mayo
MW, Bigas A, Espinosa L. Aberrant cytoplasmic localization of
N-CoR in colorectal tumors. Cell Cycle 2007; 6: 1748-1752 [PMID:
17630505]
Cavaillès V, Dauvois S, L’Horset F, Lopez G, Hoare S, Kushner
PJ, Parker MG. Nuclear factor RIP140 modulates transcriptional
activation by the estrogen receptor. EMBO J 1995; 14: 3741-3751
[PMID: 7641693]
Docquier A, Harmand PO, Fritsch S, Chanrion M, Darbon JM,
Cavaillès V. The transcriptional coregulator RIP140 represses E2F1
activity and discriminates breast cancer subtypes. Clin Cancer Res
2010; 16: 2959-2970 [PMID: 20410059 DOI: 10.1158/1078-0432.
CCR-09-3153]
Castet A, Boulahtouf A, Versini G, Bonnet S, Augereau P, Vignon
F, Khochbin S, Jalaguier S, Cavaillès V. Multiple domains of
the Receptor-Interacting Protein 140 contribute to transcription
inhibition. Nucleic Acids Res 2004; 32: 1957-1966 [PMID:
15060175 DOI: 10.1093/nar/gkh524]
Yang XJ, Seto E. Lysine acetylation: codified crosstalk with
other posttranslational modifications. Mol Cell 2008; 31: 449-461
[PMID: 18722172 DOI: 10.1016/j.molcel.2008.07.002]
Lapierre M, Bonnet S, Bascoul-Mollevi C, Ait-Arsa I, Jalaguier
S, Del Rio M, Plateroti M, Roepman P, Ychou M, Pannequin
J, Hollande F, Parker M, Cavailles V. RIP140 increases APC
expression and controls intestinal homeostasis and tumorigenesis.
J Clin Invest 2014; 124: 1899-1913 [PMID: 24667635 DOI:
10.1172/JCI65178]
Zhang D, Wang Y, Dai Y, Wang J, Suo T, Pan H, Liu H, Shen S,
Liu H. Downregulation of RIP140 in hepatocellular carcinoma
promoted the growth and migration of the cancer cells. Tumour
Biol 2015; 36: 2077-2085 [PMID: 25391428 DOI: 10.1007/
s13277-014-2815-y]

July 7, 2017|Volume 23|Issue 25|

Triki M et al . Nuclear receptor coregulators in CRC
96

97

98

99

Fernandes I, Bastien Y, Wai T, Nygard K, Lin R, Cormier O, Lee
HS, Eng F, Bertos NR, Pelletier N, Mader S, Han VK, Yang XJ,
White JH. Ligand-dependent nuclear receptor corepressor LCoR
functions by histone deacetylase-dependent and -independent
mechanisms. Mol Cell 2003; 11: 139-150 [PMID: 12535528]
Jalaguier S, Teyssier C, Nait Achour T, Lucas A, Bonnet S,
Rodriguez C, Elarouci N, Lapierre M, Cavaillès V. Complex
regulation of LCoR signaling in breast cancer cells. Oncogene
2017; Epub ahead of print [PMID: 28414308 DOI: 10.1038/
onc.2017.97]
Calderon MR, Verway M, An BS, DiFeo A, Bismar TA, Ann DK,
Martignetti JA, Shalom-Barak T, White JH. Ligand-dependent
corepressor (LCoR) recruitment by Kruppel-like factor 6 (KLF6)
regulates expression of the cyclin-dependent kinase inhibitor
CDKN1A gene. J Biol Chem 2012; 287: 8662-8674 [PMID:
22277651 DOI: 10.1074/jbc.M111.311605]
Reeves HL, Narla G, Ogunbiyi O, Haq AI, Katz A, Benzeno S,
Hod E, Harpaz N, Goldberg S, Tal-Kremer S, Eng FJ, Arthur MJ,

100
101
102

103

Martignetti JA, Friedman SL. Kruppel-like factor 6 (KLF6) is a
tumor-suppressor gene frequently inactivated in colorectal cancer.
Gastroenterology 2004; 126: 1090-1103 [PMID: 15057748]
Kumar R, Wang RA, Bagheri-Yarmand R. Emerging roles of
MTA family members in human cancers. Semin Oncol 2003; 30:
30-37 [PMID: 14613024]
Sen N, Gui B, Kumar R. Role of MTA1 in cancer progression and
metastasis. Cancer Metastasis Rev 2014; 33: 879-889 [PMID:
25344802 DOI: 10.1007/s10555-014-9515-3]
Toh Y, Oki E, Oda S, Tokunaga E, Ohno S, Maehara Y,
Nicolson GL, Sugimachi K. Overexpression of the MTA1 gene
in gastrointestinal carcinomas: correlation with invasion and
metastasis. Int J Cancer 1997; 74: 459-463 [PMID: 9291440]
Tuncay Cagatay S, Cimen I, Savas B, Banerjee S. MTA-1
expression is associated with metastasis and epithelial to
mesenchymal transition in colorectal cancer cells. Tumour Biol
2013; 34: 1189-1204 [PMID: 23371285 DOI: 10.1007/s13277013-0662-x]
P- Reviewer: Corrales FJJ S- Editor: Qi Y L- Editor: A
E- Editor: Zhang FF

WJG|www.wjgnet.com

4490

July 7, 2017|Volume 23|Issue 25|

World J Gastroenterol 2017 July 7; 23(25): 4491-4499

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v23.i25.4491

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

REVIEW

Eubiotic properties of rifaximin: Disruption of the traditional
concepts in gut microbiota modulation
Francesca Romana Ponziani, Maria Assunta Zocco, Francesca D’Aversa, Maurizio Pompili, Antonio Gasbarrini
they also have significant modulatory effects on the gut
microbiota. Several alterations of the intestinal bacterial
community have been reported during antibiotic
treatment, including the reduction of beneficial bacteria
as well as of microbial alpha-diversity. Although
after the discontinuation of antibiotic therapies it has
been observed a trend towards the restoration of the
original condition, the new steady state is different
from the previous one, as if antibiotics induced some
kind of irreversible perturbation of the gut microbial
community. The poorly absorbed antibiotic rifaximin
seem to be different from the other antibiotics, because
it exerts non-traditional effects additional to the
bactericidal/bacteriostatic activity on the gut microbiota.
Rifaximin is able to reduce bacterial virulence and
translocation, has anti-inflammatory properties and
has been demonstrated to positively modulate the gut
microbial composition. Animal models, culture studies
and metagenomic analyses have demonstrated an
increase in Bifidobacterium , Faecalibacterium prausnitzii
and Lactobacillus abundance after rifaximin treatment,
probably consequent to the induction of bacterial
resistance, with no major change in the overall gut
microbiota composition. Antibiotics are therefore
modulators of the symbiotic relationship between the
host and the gut microbiota. Specific antibiotics, such
as rifaximin, can also induce eubiotic changes in the
intestinal ecosystem; this additional property may
represent a therapeutic advantage in specific clinical
settings.
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Core tip: The traditional use of antibiotics in the clinical
practice is to antagonize local or systemic infections.
However, antibiotics induce several alterations of the

Abstract
Antibiotics are usually prescribed to cure infections but
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is to antagonize local or systemic infections. However,
after the discovery of the gut microbiota potential,
several studies have focused on the effects of
[21-27]
antibiotic therapies on commensal gut microbes
.
Beta-lactamics, fluoro-quinolones, glycylcyclines,
lincosamide, nitroimidazole, and various combina
tions of antibiotics are able to produce a profound
alteration of the gut microbiota composition, mainly
characterized by the reduction of autochthonous taxa
and by the increase of potentially pathogenic bacteria,
such as Enterobacteriaceae. In contrast, Bifidobacteria,
Faecalibacterium prausnitzii and Lactobacilli, which
usually exert beneficial effects to the gut, seem to be
reduced after antibiotic treatment. Bifidobacteria are
included into several probiotic preparations and have
intestinal and systemic anti-inflammatory effects,
being also protective against antibiotic associated
[28-53]
diarrhea and infective colitis
. Faecalibacterium
prausnitzii is a butyrate-producing bacterium with
[54]
a high metabolic activity ; butyrate is involved in
intestinal cells life cycle, has immunomodulatory
effects and protects against infections caused by
[55,56]
pathogens
. Finally, Lactobacilli are known for their
anti-inflammatory, immunomodulatory, anti-oxidant,
[57]
anti-bacterial and anti-viral properties .
Besides the effect on specific bacterial strains,
antibiotic treatment decreases taxonomic richness,
diversity, and evenness of the gut microbial community,
producing a shift to an alternative state that is different
[27,58]
from the baseline
. These alterations seem to
recover after the end of antibiotic administration;
however, the gut microbial composition does not exactly
return to the pre-treatment condition, but rather it
acquires a new connotation, similar (but not identical)
to the original one. All these modifications are highly
variable among individuals, and the consequences of
antibiotics-associated gut microbiota perturbation in
humans remain unknown.
[59]
Morgun et al
analyzed metagenomic and
metatranscriptomic changes in a mouse model of
microbiota depletion after the administration of an
antibiotic cocktail (ampicillin, vancomycin, neomycin
and metronidazole). The main registered effects, in
addition to the drop in total bacterial mass and the
emergence of resistan strains, were (1) the impairment
of local mucosal immunity, with a depletion of immune
cells in the lamina propria and in the villous epithelium,
as well as of IgA-producing plasma cells; and (2)
mitochondrial toxicity, leading to increased apoptosis
and cell death in the intestinal epithelium of treated
animals. The authors concluded that gut microbiota
depletion as well as the development of resistance
among the remaining bacteria and the consequent
effects on host tissues were the major consequences
produced by antibiotics on the gut.
Therefore, two main properties of antibiotics should
be recognized: the classic effect against pathogens,
which is the main indication for their use in clinical
practice, and the modulation of the commensal gut

gut microbiota, including the reduction of beneficial
bacteria as well as of microbial diversity. Rifaximin is a
non-absorbable antibiotic with broad-spectrum activity
and non-traditional antimicrobial effects. Rifaximin has
the potential to induce a positive modulation of the gut
microbiota, favoring the growth of bacteria beneficial
to the host without altering its overall composition.
Therefore, rifaximin can be defined not only as an
antibiotic but also as an “eubiotic”, namely a positive
modulator of the gut ecosystem.
Ponziani FR, Zocco MA, D’Aversa F, Pompili M, Gasbarrini
A. Eubiotic properties of rifaximin: Disruption of the traditional
concepts in gut microbiota modulation. World J Gastroenterol
2017; 23(25): 4491-4499 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i25/4491.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i25.4491

INTRODUCTION
The human gut microbiota has been the main target
of scientific research in the very recent years. Studies
based on metagenomic techniques have revealed the
multifaceted abilities of gut microbes, ranging from
metabolic functions to immunomodulation, from anti[1-5]
pathogen activity to behavior conditioning
. As
the gut microbiota plays a crucial role in maintaining
humans’ health, less or more specific gut microbiota
alterations have been associated with various
[6-20]
gastrointestinal diseases
. These findings strongly
support the use of gut microbiota modulators such as
antibiotics, prebiotics and probiotics as the treatment
of choice in almost all gastrointestinal disorders.
In addition to the speculative and intriguing value
of these physiopathological findings, it is also interesting
to address which modifications of the gut microbiota
may occur after a therapeutic intervention, such as
antibiotic treatment. In particular, recent metagenomic
studies have highlighted a positive modulation of gut
bacteria associated with the administration of rifaximin,
one of the antibiotics most frequently used for the
treatment of digestive diseases. This has opened
the scenario to the new concept of antibiotic-related
gut microbiota modulation, which overcomes the
traditional bactericidal and bacteriostatic effects and
involves the possibility of more complex interactions,
resulting in a modulation of the gut flora favorable to
the host.
In this paper, we will focus on the effects of
antibiotics, and in particular rifaximin, on gut bacteria,
discussing both its traditional and non-traditional
properties, and defining the new concept of “eubiotic
modulation” of the gut microbiota.

ANTIBIOTICS AND GUT MICROBIOTA
The traditional use of antibiotics in the clinical practice
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Systemic
antibiotics

In addition to the bactericidal and bacteriostatic
activity, which is typical of an antibiotic, rifaximin can
also exert non-traditional effects on the gut microbiota
(Figure 1). In particular, rifaximin can down-regulate
the inflammatory response triggered by the gut
microbes by inhibiting the activation of the nuclear
factor (NF)-κB via the pregnane X receptor (PXR) and
by reducing the expression of the pro-inflammatory
cytokines interleukin (IL)-1B and tumor necrosis
[67-71]
factor-alpha (TNFα)
.
Moreover, rifaximin alters bacterial virulence
through the inhibition of adhesion, internalization
[72-75]
and translocation
, and can modify bacterial meta
[76]
bolism .
Rifaximin modulation of gut microbial composition
also belongs to the non-traditional features of this
poorly absorbed antibiotic.

Gut-specific
antibiotics
(rifaximin) Inhibition of bacterial virulence:
Adherence to gut mucosa
Gut microbiota
Internalization
modulation
Translocation
Anti-inflammatory effects

Figure 1 Effects of antibiotics on the gut microbiota. Systemic antibiotics
are mainly used to treat extra-intestinal infections but they indirectly affect the
gut microbiota composition. Rifaximin is a poorly absorbed antibiotic, exerting
its action exclusively in the gastrointestinal tract. In addition to the expected
antimicrobial properties, rifaximin inhibits bacterial virulence, down-regulates
inflammatory response and has the potential to positively modulate the
composition of gut microbial community.

EUBIOTIC EFFECTS OF RIFAXIMIN ON
THE GUT MICROBIOTA
In addition to the aforementioned activity against
bacterial adherence, internalization and translocation
and to the anti-inflammatory effects, there is evidence
of a positive modulation of the gut microbiota as a
consequence of rifaximin treatment (Table 1).
The pioneering study that demonstrated for the
first time the increase in beneficial bacterial strains
associated with rifaximin intake was conducted more
than ten years ago on twelve patients affected by
[77]
ulcerative colitis . Rifaximin was administered at the
dose of 1800 mg daily for 3 treatment cycles, each
lasting for 10 d, followed by a wash-out period of 25
d. By means of standard bacteriological analysis, the
Authors observed an increase in the concentration
of Bifidobacteria after treatment, which tended to
decrease in the interval periods. A subsequent study
by the same group using a continuous culture model of
the gut microbiota of four patients with active Crohn’s
[78]
disease (CD)
also confirmed this preliminary result.
Indeed, rifaximin administration at the same dose of
1800 mg daily did not alter the overall composition
of the gut microbiota, but promoted the growth of
Bifidobacterium, Atopobium and Faecalibacterium
prausnitzii.
[79]
More recently, Xu et al
demonstrated that
Lactobacilli could grow in response to rifaximin
administration. In particular, in the mouse model
of visceral hyperalgesia used in the study, the
administration of rifaximin increased the abundance
of Lactobacilli in the ileum; this effect was restricted
only to this antibiotic, since in the same experimental
conditions the administration of another poorly
absorbed antibiotic, neomycin, produced just an
increase in Proteobacteria.
Finally, two metagenomic analyses of the gut
microbiota of human subjects affected by gastro
intestinal and liver diseases have been recently

microbiota, which is a “collateral” effect. Although
the consequences of this last feature on the host are
still not clear, the reduction of beneficial bacteria may
cause the loss of the favorable influence exerted by
the gut microbiota on human health.
This may reasonably induce to suppose a detri
mental effect of antibiotics on intestinal ecology.
However, this is not the case of all antibiotics.
Recent findings have pointed out that rifaximin can
positively modulate the gut microbiota. This peculiar
characteristic may differentiate rifaximin from the
other systemic antibiotics.

RIFAXIMIN: A POORLY ABSORBED
ANTIBIOTIC WITH NON-TRADITIONAL
EFFECTS ON GUT BACTERIA
Rifaximin is an antibiotic with broad-spectrum activity
against Gram positive and Gram negative aerobic
and anaerobic bacteria, effective for the treatment of
travelers’ diarrhea and other gastrointestinal infective
[60-62]
conditions such as Clostridium difficile colitis
. As a
consequence of the negligible systemic absorption (<
[63]
0.4%) , rifaximin reaches high tissue concentrations,
as high as 8000 mcg/g in fecal samples after a 3-d
[64]
regimen of 800 mg daily , far beyond the minimal
inhibitory concentrations observed for local microbial
isolates. Another characteristic of rifaximin is bile
acids-dependent solubility; this makes the drug more
effective in the small intestine while colonic bacteria
[65]
are poorly inhibited . Indeed, changes in the colonic
gut microbiota composition are progressively but
completely reversed after rifaximin interruption,
differently from the effects on duodenal bacteria that
[66]
appear more stable .
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Table 1 Studies investigating the effects of rifaximin on gut microbiota composition
Ref.
Brigidi et al[77], 2002

Maccaferri et al[78], 2010

Patients/model

Technique

Rifaximin dose

Changes in gut microbiota after rifaximin

12 pts UC

Standard bacteriological
procedures

1800 mg/d, 3 cycles
of 10 d followed by
25 d of wash-out

Enterococci: <
Coliform: =
Bifidobacteria: >
Lactobacilli: <
Clostridium perfrigens: > than <
Bacteroides:
unpredictable variations
Candida: =
Overall composition:
not explored
Bifidobacterium: >
Atopobium: >

4 pts colonic active
Continuous
culture colonic model system,
CD
FISH, quantitative PCR,
PCR-denaturing gradient gel
electrophoresis

1800 mg/d

Bajaj et al[76], 2013
Xu et al[79], 2014

20 pts HE
Rat model
of visceral
hyperalgesia

454 pyrosequencing
Quantitative PCR, 454
pyrosequencing

1100 mg/d
150 mg/kg, twice
daily

Soldi et al[80], 2015

15 pts non-C IBS

Real-time PCR, Illumina
pyrosequencing

1650 mg/d for 14 d

20 pts CD, UC,
non-C IBS, DD, HE

454 pyrosequencing

1200 mg/d for 14 d

Ponziani et al[81], 2016

Faecalibacterium prausnitzii: >
Overall composition: =
Overall composition: =
Lactobacillus: >
Clostridiaceae, Erysipelotrichaceae, and
Peptostreptococcaceae: <
Overall composition: 84% reduction in bacterial load
Faecalibacterium prausnitzii: >
Clostridiaceae, Streptococcaceae: <
Bacteroidaceae, Prevotellaceae: >
Overall composition: =
Lactobacillus: >
Roseburia, Haemophilus, Veillonella and
Streptococcus: <
Overall composition: =

Pts: Patients; UC: Ulcerative colitis; CD: Crohn’s disease; FISH: Fluorescence in situ hybridization; PCR: Polymerase chain reaction; HE: Cirrhosis with
hepatic encephalopathy; non-C IBS: Irritable bowel syndrome without constipation; DD: Diverticular disease.

published.
[80]
In the first one , patients with non-constipated
irritable bowel syndrome were treated with rifaximin
550 mg tid for 14 d. Fecal specimens were collected
before starting the treatment, at the end of it, and
after a 6-wk wash-out period. As one of the most
intriguing result of the study, the Authors observed an
increase in Faecalibacterium prausnitzii abundance at
the end of treatment, without any major modification
of the overall gut microbiota composition.
[81]
In the second study , rifaximin was administered
at the dose of 1200 mg daily for 10 d to patients
with different gastrointestinal diseases, including
irritable bowel syndrome, CD, ulcerative colitis and
diverticular disease, and also to patients with liver
cirrhosis complicated by hepatic encephalopathy. Stool
samples were analyzed before, at the end and 1 mo
after the end of rifaximin treatment. Lactobacillus
abundance was increased at the end of treatment with
rifaximin and 1 mo thereafter, while no modification
of the overall composition of the gut microbiota was
observed, even stratifying patients according to
treatment timepoints and considering the original
disease.
In conclusion, rifaximin is able to increase the
abundance of beneficial intestinal bacteria, while
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keeping stable the overall composition of the gut
microbial community. Although this peculiar behavior
has been described so far only in association with
rifaximin, it is related to one of the most common
consequences of antibiotic therapies: the deve
lopment of microbial resistance. Indeed, members
of Bifidobacterium, Lactobacillus, Bacteroides,
Clostridium, Eubacterium, Atopobium and Collinsella
genera may develop mechanisms of resistance after
rifaximin exposure, becoming able to grow at rifaximin
[82,83]
concentrations higher than 1024 mg/L
.
[77]
In the previously reported study, Brigidi et al
demonstrated that the increase in Bifidobacteria
consequent to rifaximin intervention was associated
with the increase of minimal inhibitory concen
trations (MIC) values from 16 mcg/mL to 40 mcg/mL.
Notably, rifaximin inhibits bacterial RNA synthesis
acting on the β subunit of the RNA polymerase, and
missense mutations of the core region of the rpoB
gene encoding the β subunit of RNA polymerase have
been described in Bifidobacterium infantis following
[84,85]
rifaximin exposure
. Therefore, in the case of
rifaximin, the acquisition of resistance may represent
an advantage for the host rather than a detrimental
consequence. However, the development of rifaximin
resistance requires chromosomal mutation, which
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is vertically transmitted and has, therefore, a rare
[61]
diffusion among intestinal microorganisms ; as a
consequence, almost all resistant bacteria disappear
[86]
within weeks after treatment discontinuation . Data
from metagenomic studies reflect this characteristic.
Indeed, immediately after the beginning of rifaximin
treatment, bacterial alpha diversity shows a trend
towards reduction, reverting to values similar to pre[80,81]
treatment after a wash-out period
.
Based on these considerations, and also on the
preliminary evidence that rifaximin effects do not
abruptly disappear after treatment interruption, lasting
in the short time period, further studies are needed
to investigate if the positive modulation of the gut
microbiota produced by rifaximin could persist over time.

and flatulence. The incidence of infections was low too,
and the few cases of C. difficile colitis reported during
rifaximin treatment were generally associated with
predisposing conditions, such as hospitalization and
prolonged antibiotic use.
Therefore, rifaximin eubiotic properties are asso
ciated with a good safety and tolerability profile, which
makes possible a wide use of this molecule in different
clinical settings.

EUBIOSIS: A NEW-OLD CONCEPT
The increase in bacteria beneficial to the gut associated
with rifaximin treatment, together with its additional
properties and its local action, reasonably support a
reclassification of this molecule, which can be defined
not only as an antibiotic but also as an “eubiotic”,
namely a positive modulator of the gut ecosystem.
Usually, humans live in a commensal and mutualistic
symbiotic relationship with their own gut microbiota,
which is a prolonged and close association resulting in a
[94]
benefit for one or both the organisms .
However, the term “symbiosis” does not com
pletely describe the exact nature of this cooperation,
failing to depict the dynamism that is the culprit
of this relationship. Indeed, while the human host
can be considered a relatively stable system, it is
extremely difficult to take a static picture of the gut
microbiota. However, trying to partially summarize
the high variability of the microbial ecosystem, two
main conditions may be outlined: “dysbiosis” and
“eubiosis”. Dysbiosis has been defined as a condition
characterized by “imbalanced intestinal microbial
community with quantitative and qualitative changes in
the composition of the microbiota itself, in its metabolic
[94]
activities or in the local distribution of its members” ;
in contrast, a proper definition of eubiosis has not been
provided yet. Intuitively, a quantitative and qualitative
harmonic balance of the gut microbial components,
resulting in a healthy metabolic and immunologic
cooperation with the host, should be the main feature
of eubiosis. However, apart from infections caused by
opportunistic and non-opportunistic pathogens, it is
difficult to figure-out which could be the main change
conditioning the transition from eubiosis to dysbiosis
in other pathologic settings (e.g., irritable bowel
syndrome, inflammatory bowel diseases etc.). Probably
dysbiosis may occur transiently in healthy individuals,
usually resolving spontaneously without any clinical
manifestation or presenting with mild symptoms.
Conversely, changes in the composition of the gut
microbiota observed in patients with gastrointestinal
diseases may be configured as a the persistence
of dysbiotic alterations that fails to recover, thus
contributing to the onset and to the progression of the
pathologic condition in predisposed individuals, as well
as to the worsening of clinical symptoms. This explains
the efficacy of eubiotic compounds such as rifaximin in

RIFAXIMIN AS EUBIOTIC AGENT IN
CLINICAL PRACTICE
In addition to the favorable modulation of the gut
microbiota, rifaximin presents other features that
make its use safely applicable in clinical practice.
Rifaximin is poorly absorbed and a negligible
concentration is retrieved in urine after oral ad
ministration. This feature is typical of the branded
formulation of the drug, which contains only the crystal
polymorph -α, while a higher systemic bioavailability
has been demonstrated for the generic formulation
[87]
containing an amorphous form of the molecule .
Considerations about careful use of rifaximin in con
ditions increasing intestinal permeability, such as liver
impairment, should also been provided. Rifaximin
systemic exposure is increased by 10, 13 and 20 folds
in Child A, B and C cirrhotic patients, respectively;
although no dose adjustment is required by the
manufacturer, a careful use is advisable in this clinical
[88]
setting .
Rifaximin drug interactions are also expected to be
rare, as confirmed by two studies including healthy
[89,90]
individuals on treatment with CYP450 substrates
.
P-glycoprotein is also involved in the metabolism
of rifaximin but the clinical consequences of the
co-administration of p-glycoprotein inhibitors are
unknown.
Rifaximin has also been safely used in elderly
[91]
[92]
subjects
and children . However, teratogenic
effects on the fetus have been demonstrated in animal
models, and the benefits of rifaximin in pregnant
[88]
women should be weighed against this risk .
A final consideration should be drawn about
rifaximin tolerability in clinical practice. In the major
studies reporting on rifaximin use in gastrointestinal
diseases and hepatic encephalopathy, a low rate of
adverse events has been registered, mainly of mild/
low grade and with a similar frequency compared to
[93]
the placebo . The most frequent ones have been
headache, nausea, dizziness, dyspepsia, abdominal
discomfort, abdominal distention, diarrhea, constipation
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these clinical settings: the beneficial modulation of the
gut microbiota produced by rifaximin, together with its
other non-traditional effects, result in a beneficial antiinflammatory and trophic action on the intestine.

12

CONCLUSION

13

The symbiotic host-gut microbiota relationship is a
condition of relational harmony fluctuating between
eubiosis and dysbiosis. Since dysbiosis plays a role
in the pathogenesis and in the progression of several
gastrointestinal and systemic diseases, the use of
eubiotics, such as rifaximin, should be reconsidered in
these settings in the light of the positive modulating
effects on the gut microbial community, and their use
should be further supported and integrated with the
other available medical treatments.
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Abstract
Metabotropic glutamate receptor subtype 5 (mGluR5)
is a Group I mGlu subfamily of receptors coupled to the
inositol trisphosphate/diacylglycerol pathway. Like other
mGluR subtypes, mGluR5s contain a phylogenetically
conserved, extracellular orthosteric binding site and
a more variable allosteric binding site, located on the
heptahelical transmembrane domain. The mGluR5
receptor has proved to be a key pharmacological target
in conditions affecting the central nervous system
(CNS) but its presence outside the CNS underscores its
potential role in pathologies affecting peripheral organs
such as the gastrointestinal (GI) tract and accessory
digestive organs such as the tongue, liver and pancreas.
Following identification of mGluR5s in the mouth,
various studies have subsequently demonstrated its
involvement in mechanical allodynia, inflammation,
pain and oral cancer. mGluR5 expression has also
been identified in gastroesophageal vagal pathways.
Indeed, experimental and human studies have
demonstrated that mGluR5 blockade reduces transient
lower sphincter relaxation and reflux episodes. In the
intestine, mGluR5s have been shown to be involved in
the control of intestinal inﬂammation, visceral pain and
the epithelial barrier function. In the liver, mGluR5s
have a permissive role in the onset of ischemic injury in
rat and mice hepatocytes. Conversely, livers from mice
treated with selective negative allosteric modulators

Supported by Italian ministry of University, Research and
Instruction.
Conflict-of-interest statement: Ferrigno A, Berardo C, Di
Pasqua LG, Siciliano V, Richelmi P and Vairetti M declare no
conflict of interest related to this publication.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Manuscript source: Invited manuscript
Correspondence to: Andrea Ferrigno, PhD, Department of
Internal Medicine and Therapeutics (Cellular and Molecular
Pharmacology and Toxicology), University of Pavia, Via Ferrata
9A, 27100 Pavia, Italy. andrea.ferrigno@unipv.it
Telephone: +39-382-986451
Fax: +39-382-986347

WJG|www.wjgnet.com

4500

July 7, 2017|Volume 23|Issue 25|

Ferrigno A et al. mGluR5 in the gastrointestinal tract
intracellular signaling and pharmacological properties:
Group Ⅰ receptors (Subtypes mGluR1 and mGluR5);
Group Ⅱ receptors (Subtypes mGluR2 and mGluR3)
and Group Ⅲ receptors (Subtypes mGluR4, mGluR6,
mGluR7 and mGlu8). Group Ⅰ receptors are coupled
to Gq proteins and activate phospholipase C, which in
turn hydrolyzes phosphatidylinositole 4,5-bisphosphate
to inositol trisphosphate (IP3) and diacylglycerol
(Figure 1). This pathway leads to calcium release from
endoplasmic reticulum and activation of numerous
kinases, such as protein kinase A, protein kinase C,
extracellular signal-related kinase (ERK) and mitogenactivated protein kinase (MAPK). On the contrary,
Group Ⅱ and Group Ⅲ receptors are coupled to Gi pro
[3]
teins, leading to the inhibition of cAMP synthesis ;
these mGluRs act as regulators, providing negative
feedback that inhibits glutamate release.
Like other mGluR subtypes, mGluR5s contain a
phylogenetically conserved, extracellular orthosteric
binding site and a more variable allosteric binding
site, located on the heptahelical transmembrane
domain. Given allosteric binding sites’ variability,
subtype-selective allosteric modulators have been
found and are frequently used in basic, preclinical
and clinical research. A recent review, focused on
mGluR5 localization, reported that this receptor
is not restricted to postsynaptic membrane and
extrasynaptic regions but is also found in intracellular
membranes in many different brain regions such
as inner nuclear, outer nuclear and endoplasmic
[4]
reticulum membranes . Numerous studies have also
demonstrated the presence of mGluR5s in a number of
peripheral non-neuronal cells. For instance, mGluR5s
are found in insulin-containing vesicles purified from
[5]
[6]
clonal pancreatic beta-cells , in rat and human testis
as well as in murine thymocytes and thymic stromal
[7]
cells .
The present study reviews and discusses published
data on the localization and role of mGluR5s in the
gastrointestinal tract (GI) and accessory digestive
organs such as the liver and pancreas. We used
articles searched for in PubMed, MEDLINE, Google
Scholar, and Google databases using the acronyms
mGluR5 and mGlu5 in combination with mouth,
esophagus, stomach, intestine, tongue, liver and
pancreas to identify articles relating to mGluR5s in the
GI published in the English-language literature from
January 1985 to December 2016.

and mGluR5 knockout mice are protected against
ischemic injury. Similar results have been observed
in experimental models of free-radical injury and in
vivo mouse models of acetaminophen intoxication.
Finally, mGluR5s in the pancreas are associated with
insulin secretion control. The picture is, however, far
from complete as the review attempts to establish in
particular as regards identifying specific targets and
innovative therapeutic approaches for the treatment of
GI disorders.
Key words: Metabotropic glutamate receptor subtype 5;
Esophagus; Intestine; Liver; Pancreas
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Metabotropic glutamate 5 receptors (mGluR5s)
belong to Group I mGlu receptors which are coupled
to the inositol trisphosphate/diacylglycerol pathway.
As well as in the brain, mGluR5s and their ligands
have been found in peripheral organs, including those
associated with the gastrointestinal (GI) tract. We
review published findings about their identification and
role in the mouth, esophagus, stomach and intestine
and accessory digestive organs such as the tongue,
liver and pancreas. We conclude that mGluR5s are still
poorly studied in the GI tract and their peripheral nonsynaptic signaling, and that their therapeutic potential
needs to be further investigated.
Ferrigno A, Berardo C, Di Pasqua LG, Siciliano V, Richelmi
P, Vairetti M. Localization and role of metabotropic glutamate
receptors subtype 5 in the gastrointestinal tract. World J
Gastroenterol 2017; 23(25): 4500-4507 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i25/4500.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i25.4500

INTRODUCTION
Before 1985, quisqualate was known to be an
agonist of ionotropic receptors (AMPA, kainate), but,
in that year, its ability to stimulate the synthesis
of inositol phosphates in striatal neurons was also
[1]
[2]
demonstrated . Soon after, in 1986, Nicoletti et al
showed that glutamate stimulates polyphosphoinositide
(PI) hydrolysis in hippocampal slice brains from
newborn rats. These pioneering studies opened up
the way for the discovery and identification of a new
family of receptors, now called metabotropic glutamate
receptors (mGluRs). The term metabotropic was
adopted to distinguish them from ionotropic glutamate
receptors.
The mGluR family belongs to Class C G-protein
coupled receptors (GPCRs) and consists of eight
different subtypes (mGluR1-8) classified into
three groups on the basis of sequence similarities,

WJG|www.wjgnet.com

MGLUR5S IN THE GASTROINTESTIONAL
TRACT
mGluR5s in the mouth

The analysis of Group I mGluR localization in the
mouth shows that mGluR5s, but not mGluR1s, are
[8]
constitutively expressed in the trigeminal ganglion and
[9]
the masseter muscle . During mandibular disorders
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found in human tissues indicating a potential peripheral
[21]
effect of mGluR5 modulators . In a trial involving
a small group of patients with gastroesophageal
reflux disease (GERD), use of ADX10059 a mGluR5
negative allosteric modulator, was associated with
an improvement in clinical symptoms characterized
[22]
by reduced acid reflux . The results of randomized
clinical trials on the effects of mGluR5 blockers in
patients with GERD have confirmed and supported the
[23-25]
reduction in TLESR and reflux events
. The poor
tolerability (dizziness and nausea) associated with the
use of ADX10059, has been reduced using a modified[23,24]
release formulation or mono-therapy
. However,
ADX10059 did not show to be significantly effective in
[26]
refractory GERD patients ; furthermore, in a study
on migraine, high incidence of hepatic transaminase
[27]
was observed . This effect appears to be related
specifically to ADX10059 and not to the mGluR5[27]
inhibiting mechanism of action , since the use of
single doses of AZD2066, a non-competitive antagonist
of mGluR5, in a small group of healthy subjects, has
reduced the number of postprandial reflux episodes
[25]
and appears to be better tolerated . However, these
[27]
preliminary results deserve further confirmation .

Orthosteric domain

Glutamate
MPEP
MTEP
ADX10059
SIB-1757
SIB-1893

Gq

Allosteric domain

PLC

ER

IP3
DAG
2+

PKC

Ca

Downstream effectors

Figure 1 Schematic representation of metabotropic glutamate 5 receptor
functions. DG: Diacylglycerol; ER: Endoplasmic reticulum; IP3: Inositol
trisphosphate; PKC: Protein kinase C; PLC: Phospholipase C.

characterized by pain in the temporomandibular
joint (TMJ), inflammation is associated with mGluR5
upregulation that differentially modulates the expression
of glutamate receptors in male rats, suggesting that
the use of mGluR5 antagonists may be effective in the
[10]
control of inflammation pain conditions .
Some studies concerned with the orofacial area,
highlight the role of peripheral Group I mGluRs in
interleukin-1beta (IL-1beta)-induced mechanical
allodynia: the results show that rat treatment with
mGluR5 antagonists, Methyl-6-(phenylethynyl)pyridine
(MPEP) or SIB1893, 10 min prior to injection of IL-1beta
[11-13]
suppress IL-1beta-induced mechanical allodynia
.
Using immunofluorescence, mGluR5s have also
been identified in the terminal region of axon inner
vating human dental pulp suggesting their involvement
in receptor-mediated inflammatory nociception.
Odontoblasts also express mGluR5s and may contribute
[14]
to the transduction of nociceptive signals .
mGluR1s and mGluR5s have been studied in oral
cancer as the mGluR family is known to participate in
[15]
tumorigenesis : mGluR5 has been detected in oral
squamous cell carcinoma (SCC) using both human
[16]
cell cultures and tissue specimens . Furthermore,
in addition to cell membrane localization, mGluR5s
were found in cytoplasm; by using a specific agonist
(DHPG) and antagonist (MPEP) the authors of this
study concluded that these receptors may be involved
[16]
in tumor progression and prognosis .

mGluR5s in the intestine

The study of mGluRs in the enteric nervous system
(ENS), which is unique in its ability to mediate reﬂex
activity independently of the CNS, has demonstrated
that the Group I mGluRs are present in the submucous
plexus of guinea-pig ileum; mGluR5-immunoreactivity
has been found to be located exclusively on submucous
neurons with other types of cells devoid of staining. In
general, the immunolabeling was cytoplasmic, filling
the perikarya and occasionally proximal dendrites.
In addition, the staining intensity of the cell bodies
varied: some were heavily stained, others only lightly.
Immunoreactivities for mGluR1 and mGluR5 were also
found in submucous plexus neurons of the jejunum
[28]
and colon . Other findings have demonstrated that
Group I mGluRs are present in the ENS supporting
their role in enteric reflexes and suggesting that the
observed internalization might be a major mechanism
[29]
for regulation of mGluR activity .
Because enteric neurons, like their equivalents
in the CNS, are intimately associated with glial
cells, one study has been carried out to test for glial
mGluR5 expression in various species and assess
whether enteric glia express mGluR5s and, if so,
whether mGluR5 expression changes during intestinal
[30]
inﬂammation . mGluR5 expression has also been
found on enteric glia in the ileum and colon of mice,
rats and pigs; mGluR5 stimulation increases c-Fos
and pERK1/2 activation specifically in enteric glia,
establishing that mGluR5s are expressed in these
cells. In addition, in this study, mGluR5 expression was
shown to be decreased during chronic inflammation

mGluR5s in the esophagus/stomach

The expression of mGluR5 has been found in gastro
esophageal vagal pathways in ferret, dog and mouse
models and is also involved in the peripheral excitatory
modulation of vagal afferent mechanosensitivity
[17-19]
input
. The use of the mGluR5 antagonist, MPEP,
has highlighted a decrease in reflux events through
inhibition of transient lower sphincter relaxation
[17,20]
(TLESR)
. Immunohistochemical localization of
mGluR5 along the vago-vagal neural pathway has been
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suggesting that mGluR5 signaling may be reduced
[30]
in colitis ; enteric glia can be considered a target of
the glutamatergic neurotransmitter system in the ENS
and that changes in mGluR5 expression may play a
[30]
modulatory role in inflammation .
mGluR5s are also involved in visceral pain: because
mGluR5 antagonists inhibit colorectal distension
(CRD)-evoked visceromotor (VMR) in rats, it has been
concluded that mGluR5s participate in mediating
mechanically evoked visceral nociception in the GI
[31]
tract .
Recent evidence has demonstrated that in a
model of total parenteral nutrition (TPN), glutamate
supplementation prevents intestinal mucosal atrophy
and a reduced epithelial barrier function (EBF) as
[32]
compared with untreated animals . It has further
been reported that mGluR5s are involved in the
effects of glutamate on EBF as 3-[(2-Methyl-4thiazolyl)ethynyl]pyridine (MTEP), an mGluR5 anta
gonist, alleviates the decreased EBF observed in TPN
[32]
animals treated with glutamate .

and mRNA expression levels comparable to those
observed in rat cerebral cortex. In this article, Storto
[36]
et al
show that ACPD and quisqualate worsen cell
injury in hepatocytes exposed to anoxic conditions;
on the contrary MPEP, the selective negative allosteric
modulator of mGluR5, protects hepatocytes against
necrosis, suggesting that the activation of mGluR5s by
endogenous glutamate is involved in the development
[36]
of hypoxic injury . In a subsequent study, Storto
[36]
et al , demonstrated that the onset of hypoxic
damage was significantly delayed in hepatocytes
from mGlu5 receptor knockout mice, as well as in
hepatocytes from wild type mice treated with 30
µmol/L MPEP. This study also observed substantial
improvements in cell viability and intracellular freeradical production, with respect to wild type control
[37]
hepatocytes .
It has been suggested that peripheral mGluRs could
[38]
be activated by non-synaptic glutamate , probably
synthesized from α-Ketoglutaric acid, a by-product
of the Krebs cycle. During anoxia, blockade of the
Krebs cycle causes accumulation of this intermediate,
favoring its conversion into glutamate by various
enzymes, such as glutamate dehydrogenase or
[39]
aspartate transaminase . Furthermore, the release of
toxic glutamate concentrations in the CNS, in hypoxic
conditions, has been variously attributed to increased
[40]
activity in the mitochondrial enzyme glutaminase
or reduced activity of the ATP-dependent enzyme
[41]
[36]
glutamine synthetase . Similarly, Storto et al ,
had previously demonstrated an increase in gluta
mate release in hypoxic conditions in isolated rat
[42]
hepatocytes. Subsequently, Storto et al
showed
that the noncompetitive mGluR5 antagonists MPEP,
SIB-1757 and SIB-1893 reduce ROS-induced toxicity in
both in vitro and in vivo models. This study shows that
selective blockade of mGluR5s reduce ROS production,
malondialdehyde formation and thiol group oxidation,
and improve hepatocyte viability in isolated hepatocytes
treated with 0.5 mmol/L tert-butylhydroperoxide.
Furthermore, in mice treated with acetaminophen
(300 mg/kg), MPEP protects against toxicity, reducing
the formation of ROS, due to acetaminophen-induced
GSH depletion. The mechanism responsible for the
protection against acetaminophen has not been clearly
elucidated. However, in liver homogenates, Western
Blot analysis has shown a significant acetaminopheninduced increase in inducible nitric oxide synthase
(iNOS) expression, markedly reduced in mice co[42]
injected with MPEP (20 mg/kg). Storto et al
also rules out the possibility of mGluR5 negative
allosteric modulators (NAMs) providing protection
through free-radical scavenging activity; somewhat
curiously, MPEP maintains its beneficial effects even
though it significantly depletes glutathione (GSH) in
hepatocytes, whereas SIB-1893, another mGluR5

MGLUR5S IN ACCESSORY DIGESTIVE
ORGANS
mGluR5s in the tongue

Inflammatory tongue pain is a more recently identified
area of involvement for mGluR5s; extracellular signalregulated kinase signaling (pERK signaling) is involved
in the development of mechanical and heat hyper
sensitivity that appears to evolve in the inflamed
[33]
tongue .
Assessment of mGluR5 localization has also been
carried out on oral tongue cancer cells: HSC3 cells
exhibit mGluR5; the use of the agonist DHPG increased
tumor cell migration, invasion, and adhesion; this
event has been shown to be reversed by the mGluR5
[16]
antagonist MPEP . Similar findings - mGluR5 functions
as an oncogene in solid cancers, including oral cancer
- were found using B88 cells obtained from a patient
[34]
with tongue cancer .

mGluR5s in the liver

The presence of mGluRs in the liver was first suggested
[35]
by Sureda et al , who showed that the competitive
agonists, quisqualate and ACPD, stimulated polyphos
phoinositide hydrolysis in primary rat hepatocytes. In
this work, 100 µmol/L quisqualate and 100 µmol/L
ACPD significantly increased the formation of [3H]InsP
after 2 and 5 d of incubation, with respect to basal
levels. This data suggested the activation of a Group
I mGlu receptor, although at the time the subtype
was not identified, since both quisqualate and ACPD
were unspecific agonists. The presence of mGluR5s in
rat hepatocytes was subsequently demonstrated for
[36]
the first time by Storto et al , with mGluR5 protein
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selective NAM, structurally different from MPEP, shows
similar effects without reducing GSH stores. Based
[42]
on these observations, Storto et al
have posited
an indirect, GSH-independent effect of MPEP against
acetaminophen toxicity. Indeed, the formation of
GSH conjugates with mGluR5 ligands containing an
[43]
acetylene group, has recently been demonstrated .
Since MPEP, but not SIB-1893, contains an acetylene
bond, MPEP probably forms GSH-conjugates, which, in
retrospect, explains the MPEP-induced GSH depletion.
This observation further supports the hypothesis that
MPEP protection may well occur without any interference
with the GSH-mediated tert-buthylhydroperoxide
metabolism, and cannot be entirely ascribed to
[42]
[44]
reduced ROS formation . Furthermore, Jesse et al
had found a decrease in liver injury and mortality in
a hepatitis model induced by lipopolysaccharide and
D-galactosamine using the same dose of MPEP reported
[42]
by Storto et al . Of note, this new study has reported
a reduction in malondialdehyde formation and no
changes in GSH-S-transferase after the administration
of MPEP in agreement with the previous study by Storto
[42]
et al .
Recently, hepatic mitochondrial dysfunctions
have been observed in a rodent model of Parkinson
disease. Rats with nigrostriatal degeneration induced
by 6-hydroxydopamine intrastriatal administration
have lower mitochondrial membrane potential and
higher ROS production, with respect to sham operated
[45]
animals . In the same model, the administration of
MPEP reduces ROS and improves ATP production with
respect to Parkinsonian rats not treated with MPEP.
This supports the hypothesis that MPEP may reduce
ROS indirectly by improving mitochondrial efficiency
[46]
rather than through direct ROS scavenging action .
The effects of inhibiting mGluR5 activity in
hepatocellular carcinoma (HCC) have been analyzed
using hepatocarcinoma cell lines and a xenograft
model. Inactivation of mGluR5s with MPEP has been
shown to cause inhibition of cell growth, migration,
and invasion of HepG2 and Bel-7402 cells. Moreover,
inhibition of tumor growth and potential metastasis of
HCC has also been found in nude mice. Furthermore,
mGluR5-mediated extracellular signal-regulated kinase
(ERK) phosphorylation has been shown to be partially
involved in cell growth and migration, as found by
stimulation of (S)-3,5-Dihydroxyphenylglycine (DHPG),
an agonist of the mGluR5 and blockade of MPEP and
U0126, an inhibitor of mitogen-activated protein kinase
[47]
(MAPK)/extracellular signal-regulated kinase (MEK) .

The treatment of pancreatic beta cells, MIN6, with
a specific Group Ⅰ agonist DHPG, stimulates insulin
release at low glucose concentrations (3-10 mmol/L).
This, however, is absent in the presence of high con
centrations of glucose (25 mmol/L). A subsequent
study has demonstrated that anti-mGluR5 antibodies
do not immunostain any islet cells, but do immunostain
[49]
synaptic terminals and blood vessels in the pancreas .
[5]
Moving from these findings, Storto et al , have
confirmed that beta-cells express mGluR5s and have
reported that these receptors are found not just in
the cell surface but also in insulin-secreting granules.
The endogenous activation of mGluR5s appears to
2+
be permissive to glucose-stimulate Ca release and
insulin secretion. The study showed that the use
of mGluR5 agonists (L-glutamate, quisqualate or
2+
DHPG) act extracellularly involving no changes in Ca
concentration or insulin secretion in pancreatic betacells. On the contrary, treatment with MPEP, a highly
lipophilic drug and selective antagonist of mGluR5,
or the use of mice lacking mGluR5 showed a blunted
[5]
insulin response to glucose . Thus, drugs such as
mGluR5 modulators, under development for neurologic
and psychiatric disorders, may also affect glucose
homeostasis.

CONCLUSION
The wide distribution of mGluRs in plants and ani
mals, from invertebrates to primates, suggests that
mGluRs represent a primitive signalling system. Some
published reviews have summarized current knowledge
on GluRs, including both ionotropic and metabotropic
[50]
receptors, in peripheral tissues . However, only a
few articles have focused on metabotropic receptors
[51]
in the peripheral organs . The presence of mGluRs
in peripheral organs supports efforts to redirect
pharmacological studies originally directed to the CNS
toward new targets in peripheral districts such as the
GI tract. Furthermore, the identification of mGluRs in
non-neuronal tissues may well be crucial for predicting
potential adverse effects during the use of CNStargeted mGluR therapies.
Due to the role of mGluR5s as critical mediators
and potential therapeutic targets for the treatment of
numerous CNS disorders, this review has underscored
possible adverse drug reactions in the GI tract using
mGluR5 modulators, attempting to draw attention
to the distribution and potential role of mGluR5s in
the GI tract and in accessory digestive organs, in
particular, the liver and pancreas (Table 1). Hopefully,
this will encourage researchers to provide additional
information that identifies specific targets and
innovative therapeutic approaches in the treatment of
GI diseases.

mGluR5s in the pancreas

Using RT-PCR and immunoblotting analysis, one
study has detected mGluR5s in rat and human islets
[48]
of Langerhans whereas mGluR1s were not found .
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Table 1 Literature assessing metabotropic glutamate 5 receptor localization in the gastrointestinal tract and accessory digestive
organs
Organs

Role/disorder

Animal/human study

Measurement/observation

Ref.

Mechanical allodynia
Inflammation/pain
Inflammation
Oral cancer
TLESR (transient lower
sphincter relaxation)
TLESR
TLESR
Intestinal inﬂammation
Visceral pain

Rats
Rats
Human pulp
Human tissue
Ferrets

Antagonists block allodynia
Upregulation of receptor expression
Receptor-mediated inflammatory nociception.
Tumor progression, cell migration
Reduction in reflux

[11-13]
[10]
[14]
[16]
[17,20]

Humans
Humans
Pigs and mice
Rats and mice

[22-24]
[25]
[30]
[31]

Intestine
Tongue
Tongue
Tongue
Liver
Liver
Liver
Liver
Liver

Epithelial barrier function
Inflammation
Cancer
Cancer
Hypoxia
Acetaminophen damage
Cancer
Fulminant hepatitis
Mitochondrial damage

Mice
Rats
Human cell lines
Mice
Rats and mice
Mice
Mice
Mice
Rats

Pancreas
Pancreas

Insulin release
Insulin secretion

Rats
Rats and mice

Reduction in reflux
Reduction in reflux
Decreased mGluR5 expression
mGluR5 antagonists inhibit colorectal distension-evoked
visceromotor (VMR)
mGluR5 antagonists improve the epithelial barrier function
Mechanical and heat hypersensitivity
Antagonists block tumor cell migration and invasion
Antagonists block tumor cell migration
Necrosis, reactive oxygen species (ROS)
ROS iNOS
Tumor reduction
Mortality, Lipid peroxidation
Mitochondrial membrane potential
ROS production
Change in glucose concentration
Glucose-stimulated intracellular Ca2+

Mouth
Mouth
Mouth
Mouth
Esophagus/stomach
Esophagus/stomach
Esophagus/stomach
Intestine
Intestine
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Abstract
AIM
To investigate the hypothesis that treatment with
dimethyl fumarate (DMF) may ameliorate liver
ischemia/reperfusion injury (I/RI).
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Institutional Animal Care and Use Committee of University of
California, Irvine.

METHODS
Rats were divided into 3 groups: sham, control
(CTL), and DMF. DMF (25 mg/kg, twice/d) was
orally administered for 2 d before the procedure.
The CTL and DMF rats were subjected to ischemia
for 1 h and reperfusion for 2 h. The serum alanine
aminotransferase (ALT) and malondialdehyde
(MDA) levels, adenosine triphosphate (ATP), NO ×
metabolites, anti-oxidant enzyme expression level, antiinflammatory effect, and anti-apoptotic effect were
determined.
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RESULTS
Histological tissue damage was significantly reduced in
the DMF group (Suzuki scores: sham: 0 ± 0; CTL: 9.3
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± 0.5; DMF: 2.5 ± 1.2; sham vs CTL, P < 0.0001; CTL
vs DMF, P < 0.0001). This effect was associated with
significantly lower serum ALT (DMF 5026 ± 2305 U/L vs
CTL 10592 ± 1152 U/L, P = 0.04) and MDA (DMF 18.2
± 1.4 µmol/L vs CTL 26.0 ± 1.0 µmol/L, P = 0.0009).

multiple cell signaling pathways that result in liver
[5]
failure .
BG-12 has been approved by the Food and Drug
Administration for the treatment of patients with
multiple sclerosis, in whom it reduces disease activity
and the progression of relapsing-remitting multiple
[6]
sclerosis . Dimethyl fumarate (DMF), which has a mild
side effect profile, has been available for medical use
for over twenty years, despite an unclear mechanism
of action. Methyl fumarates were first investigated
for their anti-proliferative and anti-oxidant effects;
however, they quickly became repurposed for use
[7]
as potent anti-psoriatic drugs in Europe . We have
investigated the usefulness of DMF and reported its
[8]
[9]
effects on acute and chronic pancreatitis . However,
to our knowledge, the effects of DMF on liver I/RI have
not been investigated. The aim of the present study
was to test the hypothesis that treatment with the
potent anti-oxidant DMF may attenuate the severity
of liver I/RI in experimental animals by upregulating
cellular anti-oxidant and anti-inflammatory machinery
in liver tissue.

DMF effectively improved the ATP content (DMF 20.3
± 0.4 nmol/mg vs CTL 18.3 ± 0.6 nmol/mg, P = 0.02),
myeloperoxidase activity (DMF 7.8 ± 0.4 mU/mL vs CTL
6.0 ± 0.5 mU/mL, P = 0.01) and level of endothelial
nitric oxide synthase expression (DMF 0.38 ± 0.05-fold
vs 0.17 ± 0.06-fold, P = 0.02). The higher expression
levels of anti-oxidant enzymes (catalase and glutamatecysteine ligase modifier subunit and lower levels of key
inflammatory mediators (nuclear factor-kappa B and
cyclooxygenase-2 were confirmed in the DMF group.
CONCLUSION
DMF improved the liver function and the anti-oxidant
and inflammation status following I/RI. Treatment with
DMF could be a promising strategy in patients with liver
I/RI.
Key words: Inflammation; Reactive oxidative stress;
Nrf2; Ischemia; Dimethyl fumarate; Liver

MATERIALS AND METHODS

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Animals

Sprague-Dawley male rats weighing 230-250 g were
purchased from Charles River (Wilmington, MA,
United States). The rats were free of all pathogens
and housed under standard conditions (room tempera
ture: 22 ℃: humidity: 50% ± 5%, 12:12 h light/dark
cycle). The study was approved by the Institutional
Animal Care and Use Committee of the University of
California, Irvine.

Core tip: In this study, we reveal that (1) administration
of dimethyl fumarate (DMF) significantly reduced
tissue damage, improved liver function; and (2) DMF
attenuated oxidative stress and inflammation, and
raised anti-oxidant status in rats with hepatic ischemia/
reperfusion injury (I/RI). These findings suggest
that DMF treatment could be a promising strategy to
improve clinical outcome in patients with liver I/RI.

Experimental design

The rats were randomly divided into 3 experimental
groups: (1) the sham group (n = 6) was subjected to
exposure of the hepatic artery, portal vein, and bile
duct region but no I/RI; (2) the control (CTL) group (n
= 7) was subjected to 1 hour of ischemia followed by
2 h of reperfusion. Finally; and (3) the DMF group (n =
6) received DMF (25 mg/kg, twice/d) by oral gavage 2
d prior to the operation.

Takasu C, Vaziri ND, Li S, Robles L, Vo K, Takasu M, Pham C,
Farzaneh SH, Shimada M, Stamos MJ, Ichii H. Treatment with
dimethyl fumarate ameliorates liver ischemia/reperfusion injury.
World J Gastroenterol 2017; 23(25): 4508-4516 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i25/4508.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i25.4508

DMF administration

INTRODUCTION

Stock solutions of DMF (Sigma, St. Louis, MO,
United States) were prepared in dimethyl sulfoxide
(DMSO) (Hybri-MAX, St. Louis, MO, United States).
Experimental rats were given oral DMF (25 mg/kg,
twice/day) dissolved in methyl cellulose (Sigma,
St. Louis, MO, United States). Intragastric gavage
administration was conducted in conscious animals
using straight gavage needles appropriate for the
animal size.

Liver ischemia/reperfusion injury (I/RI) is a common
pathologic process caused by many clinical settings,
such as liver resection, liver transplantation, hypo
[1]
volemic shock, and trauma . Temporary clamping of
the portal triad, which is a common strategy during
[2]
liver surgery, produces liver I/RI that may result in
[3]
postoperative liver dysfunction . I/R generates reactive
oxygen species (ROS), which can damage lipids,
proteins and tissues and lead to local inflammatory
responses, endothelial and Kupffer cell activation,
[4]
cytokine/chemokine release, and cell apoptosis . The
I/R-induced oxidative stress and tissue damage involve

WJG|www.wjgnet.com

Surgical procedure

Under general anesthesia using isoflurane, a midline
incision was made. The left and median portal triads
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were occluded by a microvascular clamp to achieve
70% liver ischemia. After 1 h of clamping, the clamp
was removed, and restored hepatic blood flow was
confirmed visually prior to wound closure. During
the surgery, the body temperature was maintained
at approximately 37.5 ℃ with a heating blanket. Two
hours post clamp removal (reperfusion time), blood
samples and ischemic liver lobes were collected under
deep general anesthesia for analysis, and the animals
[10]
were sacrificed .

polyclonal antibody to cyclooxygenase-2 (COX-2)
(AbcamInc, Cambridge, MA, United States), glutamatecysteine ligase modifier subunit (GCLM) (AbcamInc,
Cambridge, MA, United States), inducible nitric oxide
(NO) synthase (iNOS) (Santa Cruz Biotechnology,
Santa Cruz, CA, United States), endothelial NO
synthase (eNOS) (Santa Cruz Biotechnology, Santa
Cruz, CA, United States), glutamate-cysteine ligase
catalytic subunit (GCLC) (AbcamInc, Cambridge,
MA), glutathione (GSH) peroxidase (GPx) (AbcamInc,
Cambridge, MA, United States), heme oxygenase-1
(HO-1) (AbcamInc, Cambridge, MA, United States),
superoxide dismutase (SOD) (Santa Cruz Biotechnology,
Santa Cruz, CA, United States), glyceraldehyde-3phosphate dehydrogenase (GADPH) (Cell Signaling,
Danvers, MA, United States), rabbit monoclonal antibody
to NF-κB (Cell Signaling, Danvers, MA, United States),
catalase (CAT) (Rockland Immunochemicals, Limerick,
PA, United States), and mouse monoclonal antibody to
nicotinamide adenine dinucleotide phosphate (NAD(P)H)
quinone oxidoreductase-1 (NQO-1) (AbcamInc,
Cambridge, MA, United States) followed by secondary
anti-rabbit or mouse immunoglobulin G (Cell Signaling,
Danvers, MA, United States).

Histopathological analysis

Histopathological analysis was performed as previously
[11]
described . The severity of I/RI was blindly graded
[12]
using the modified Suzuki criteria .

Assessment of hepatic apoptosis

Apoptosis was quantified by the terminal de
oxynucleotidyl transferase (TdT)-mediated dUTP nickend labeling (TUNEL) technique (Millipore, Bedford,
MA, United States). For each section, 20 random
fields were examined by confocal microscopy (20 ×
objective). An apoptotic index (i.e., the number of
nuclei labeled by the TUNEL method/the total number
[13]
of nuclei) was calculated .

Measurement of serum inflammatory mediators

The levels of serum inflammatory mediators were
determined using a standard rat cytokine kit (Ray
Biotech, Norcross, GA, United States) according to
the manufacturer’s instructions. Fifteen rat cytokines/
chemokines were analyzed.

Measurement of serum alanine aminotransferase and
malondialdehyde

Serum alanine aminotransferase (ALT) levels were
determined to assess the liver function using commer
cial kits (BioVision, Milpitas, CA, United States)
according to the manufacturer’s instructions. The
serum malondialdehyde (MDA) formation assay
was performed using a thiobarbituric acid reactive
substances (TBARS) assay kit (Cayman, Ann Arbor,
MI, United States) according to the manufacturer’s
instructions.

Statistical analyses

All the results are presented as the mean ± SD.
Comparisons between two groups were performed
with Student’s t-test or Mann-Whitney’s U test, as
appropriate, using Stat View-J 5.0 software (SAS,
Cary, NC, United States). Statistical significance was
defined as a P value less than 0.05.

Adenosine triphosphate determination

The adenosine triphosphate (ATP) levels of liver tissue
were determined using a colorimetric/fluorometric
assay kit (Bio Vision, Milpitas, CA, United States)
according to the manufacturer’s instructions. We used
20 mg of liver tissue for the assay and calculated the
ATP content. Protein concentration was performed with
a BioRad assay kit (Bio-Rad, Richmond, CA, United
[14]
States) based on the Lowry method .

RESULTS
Histopathological changes

The presence of myeloperoxidase (MPO) was used as
[15]
an index of neutrophil accumulation in the liver
and
was determined using an MPO colorimetric assay kit
(BioVision, Milpitas, CA, United States) according to
the manufacturer’s instructions.

The histopathological findings are given in Figure 1A
and B. The liver tissue was histologically normal in
the sham group (Figure 1A). In contrast, substantial
intracellular vacuolization, sinusoidal dilatation,
congestion, and focal necrosis of the liver parenchyma
were observed in the CTL group (Figure 1A). These
changes were notably reduced in the DMF treatment
group (Figure 1A). The Suzuki scores of the groups
differed significantly (CTL 9.3 ± 0.5 vs DMF 2.5 ± 1.2,
P < 0.0001; Figure 1B), indicating that pretreatment
with DMF ameliorated the I/RI-induced histological
changes.

Protein extraction and Western blots

Effect of DMF on hepatocellular apoptosis

Myeloperoxidase assay

Representative confocal microscopy images of
hepatocyte-labeling TUNEL (green fluorescence) are

Western blots were performed as previously des
[11]
cribed . The following reagents were used: rabbit

WJG|www.wjgnet.com
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Figure 1 Liver ischemia/reperfusion injury in a rat model. A: Hematoxylin and eosin (H&E)-stained histology of rat liver subjected to 60 min of ischemia and 2 h of
reperfusion. The levels of substantial intracellular vacuolization, sinusoidal dilatation, congestion, and focal necrosis of the liver parenchyma in the dimethyl fumarate
(DMF) group were significantly improved compared to those of the CTL group; B: Liver histology damage scoring (Suzuki score). Data represent the mean ± SD.
Pretreatment with DMF ameliorated ischemia/reperfusion injury (I/RI)-induced histological changes; C: TUNEL staining of rat liver subjected to 60 min of ischemia and
2 h of reperfusion. The DMF-treated group had significantly fewer TUNEL-positive cells (green fluorescence) than the CTL group; D: Apoptotic index indicating that
pretreatment with DMF improved I/RI-induced apoptosis (P ≤ 0.01). Data represent the mean ± SD. DMF: Dimethyl fumarate; CTL: Control.

cellular ATP levels. DMF-treated livers demonstrated
significantly higher ATP contents than those in the CTL
group (20.3 ± 0.4 nmol/mg vs 18.3 ± 0.6 nmol/mg,
respectively, P = 0.02; Figure 2C).
Neutrophil infiltration in the DMF-treated group, as
analyzed by MPO activity, was significantly lower (7.8
± 0.4 mU/mL) than that in the CTL group (6.0 ± 0.5
mU/mL) (Figure 2D, P = 0.01), indicating that DMF
treatment decreased neutrophil migration into the
hepatocytes.

shown in Figure 1C and D. No TUNEL-positive apoptotic
cells were found in the sham group. Although the
number of TUNEL-positive apoptotic cells increased
dramatically in the CTL group, only a few positive cells
were detected in the DMF group. The apoptotic index
in the DMF group (1.3 ± 0.9) was significantly lower
than that of the CTL group (17.2 ± 3.6) (Figure 1D; P
= 0.002). These results suggest that DMF protected
the liver from hepatocellular apoptosis.

Effect of DMF on serum ALT and MDA

Effect of DMF on the activities of anti-oxidant enzymes
in liver tissue

To further confirm the protective effect of DMF on
hepatic I/R injury, the level of ALT, a hepatocyte
damage marker, was measured. The ALT levels were
significantly lower in the DMF group than in the CTL
group (5026 ± 2305 U/L vs 10592 ± 1152 U/L,
respectively, P = 0.04; Figure 2A). To determine the
cellular damage under oxidative stress after I/RI, the
serum MDA level, which is a valid biochemical marker
of lipid peroxidation, was measured. The serum MDA
levels were significantly lower in the DMF group (DMF
18.2 ± 1.4 µmol/L vs CTL 26.0 ± 1.0 µmol/L, P =
0.0009; Figure 2B).

Figure 3B-D shows the protein expression of
nuclear factor erythroid 2-related factor 1 (Nrf2)
pathway target anti-oxidant enzymes. CAT and
GCLM expression levels in the liver were significantly
enhanced by DMF treatment compared with those
in the CTL group (CAT: 1.50 ± 0.18-fold vs 0.93 ±
0.13-fold, respectively, P = 0.03, Figure 3B; GCLM:
0.42 ± 0.07-fold vs 0.22 ± 0.05-fold, respectively, P =
0.04, Figure 3C). Additionally, GCLC protein expression
was higher in the DMF group than in the CTL group
(CTL: 0.48 ± 0.08-fold vs DMF 0.77 ± 0.13-fold, P
= 0.10; Figure 3D). The protein expression levels of
GPx, HO-1, SOD and NQO-1 did not differ significantly
between the two groups (GPx: P = 0.22, HO-1: P =

Effect of DMF on ATP content and MPO activity in
hepatocytes

To assess the ability of hepatocytes, we studied the

WJG|www.wjgnet.com
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Figure 2 Effect of dimethyl fumarate on serum alanine aminotransferase and malondialdehyde and liver adenosine triphosphate and myeloperoxidase.
The levels of serum alanine aminotransferase (ALT) (A) and malondialdehyde (MDA) (B) and liver adenosine triphosphate (ATP) (C) and myeloperoxidase (MPO)
(C) in the liver tissue were determined. Serum ALT and MDA in the DMF group were significantly lower than in the CTL group (ALT: P < 0.05, MDA: P < 0.001; data
represent the mean ± SD). Liver ATP in the DMF group was significantly higher than in the CTL group (P < 0.05; data represent the mean ± SD). Liver MPO in the
DMF group was significantly lower than in the CTL group (P < 0.05; data represent the mean ± SD). DMF: Dimethyl fumarate; CTL: Control.
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Figure 3 Effects of dimethyl fumarate on the expression levels of anti-oxidant enzymes, endothelial nitric oxide synthase, NF-κB and cyclooxygenase-2
in the liver. A: Representative western blots of CAT, GCLM, GCLC, GPx, eNOS, NF-κB and COX-2 in the CTL and dimethyl fumarate (DMF) groups. The bar graph
summarizing the western blot data of (B) CAT, (C) GCLM, (D) GCLC, (E) GPx, (F) eNOS, (G) NF-κB, and (H) COX-2. Data represent the mean ± SD. Significant
increases in liver CAT and GCLM expression levels were observed in the DMF group compared to those in the CTL group (CAT: P = 0.03, Figure 3B; GCLM: P =
0.04, Figure 3C). The protein expression of eNOS was also enhanced by DMF administration compared to that of the CTL group (P = 0.02, Figure 3F). Furthermore,
DMF decreased the levels of NF-κB and COX-2 expression in the liver (NF-κB, P = 0.01, Figure 3G; COX-2, P = 0.007, Figure 3H). The protein expression levels of
GPx, HO-1, SOD and NQO-1 were not significantly different between the two groups (GPx: P = 0.22, HO-1: P = 0.39, SOD: P = 0.32 and NQO-1: P = 0.95). GCLM:
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GPx: Glutathione peroxidase; DMF: Dimethyl fumarate; CTL: Control.

0.39, SOD: P = 0.32 and NQO-1: P = 0.95).

± 0.05-fold vs 0.17 ± 0.06-fold, respectively, P = 0.02;
Figure 3F). However, no significant difference in iNOS
expression was found between the two groups (CTL:
0.027 ± 0.12-fold vs DMF 0.027 ± 0.009-fold, P =
0.97).

Effect of DMF on iNOS and eNOS expression

To determine whether DMF exerts its protective
role through NO-mediated production, we detected
the levels of NO synthases (eNOS and iNOS). The
protein expression of eNOS was enhanced by DMF
administration relative to that in the CTL group (0.38

WJG|www.wjgnet.com

Effect of DMF on NF-κ B and COX-2 expression

To elucidate the effect of DMF on inflammation,
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Figure 4 Inflammatory mediator production in rat serum. Dimethyl fumarate (DMF) significantly reduced the production of inflammatory mediators in the serum
relative to the CTL group. Significant reductions of CD86, CINC-2α, CINC-3, CNTF, Fas ligand, IL-6, IL-10, MIP-3α, PDGF-AA, TIMP-1, TNF-α and VEGF were
observed in the DMF-treated group. Data represent the mean ± SD (aP < 0.05, bP < 0.01, eP < 0.001). DMF: Dimethyl fumarate; CTL: Control; IL: Interleukin; CD86:
Cluster of differentiation 86; CINC-2α: Cytokine-induced neutrophil chemoattractant-2α; CNTF: Ciliary neurotrophic factor; MIP-3α: Macrophage inflammatory protein3α; PDGF-AA: Platelet-derived growth factor-AA; TIMP-1: Tissue inhibitor of metalloproteinase 1; TNF-α: Tumor necrosis factor α; VEGF: Vascular endothelial growth
factor.
[16]

western blot analysis of NF-κB and COX-2 proteins
were performed. Both the expression levels of both NFκB and COX-2 decreased significantly in DMF-treated
animals’ liver tissues (NF-κB: CTL: 0.75 ± 0.08-fold vs
DMF 0.44 ± 0.04-fold, P = 0.01, Figure 3G; COX-2:
CTL: 1.64 ± 0.26-fold vs DMF 0.48 ± 0.19-fold, P =
0.007; Figure 3H) compared to those of the CTL group.

plays a crucial role in the pathogenesis of I/RI . MDA
is an indicator of lipid peroxidation and cellular damage
under oxidative stress, and the elevation of MDA is
[17]
associated with liver I/RI . We observed that the
MDA levels were significantly decreased in the DMFtreated rats, suggesting lower I/RI-induced oxidative
stress in the DMF-treated liver. ROS can be contained
by endogenous anti-oxidant enzymes, such as SOD,
[1]
CAT and GPx . ROS-induced lipid peroxidation can
be blocked by these anti-oxidative enzymes. CAT is
an anti-oxidant enzyme that converts H2O2 to water
and thereby prevents the transformation of H2O2
into highly toxic hydroxyl radicals. Previous reports
showed that CAT has beneficial effects toward the
end of the ischemic period and that its activities
[18]
are decreased after I/RI . GSH protects cells from
oxidative injury by scavenging radicals and reducing
lipid peroxidation products. GSH is synthesized by
GSH synthetase and glutamate-cysteine ligase (GCL),
which is a heterodimer composed of GCLM and GCLC
subunits. Both GCLM and GCLC are upregulated for
GSH synthesis by oxidants, providing a protective
[19]
mechanism against oxidative stress . We observed
that DMF increased CAT, GCLM and GCLC expression,
which may explain the observed decrease in ROSrelated liver damage.
The accumulation of neutrophils, as confirmed
by measuring the MPO activity, was significantly
reduced by the administration of DMF. Neutrophils
are believed to mediate hepatic damage caused by
the production of ROS and reactive halogen species.
These toxic products can directly damage hepatocytes
and endothelial cells and induce other inflammatory
[20]
mediators . The initial phase of injury, which occurs
within 2 h after reperfusion, is characterized by Kupffer

Effect of DMF on the production of cytokines and
chemokines

We analyzed direct changes in serum cytokine and
chemokine production in response to I/RI. DMF
administration significantly decreased the serum levels
of many inflammatory mediators relative to those
in the CTL group (Figure 4). Significant reductions
of the following were observed in the DMF-treated
group: cluster of differentiation 86 (CD86), cytokineinduced neutrophil chemoattractant-2α (CINC-2α),
CINC-3, ciliary neurotrophic factor (CNTF), Fas ligand,
interleukin-6 (IL-6), IL-10, macrophage inflammatory
protein-3α (MIP-3α), platelet-derived growth factorAA (PDGF-AA), tissue inhibitor of metalloproteinase 1
(TIMP-1), tumor necrosis factor α (TNF-α) and vascular
endothelial growth factor (VEGF).

DISCUSSION
In this study, we evaluated the effects of DMF, a
potent anti-oxidant, on a rodent hepatic I/RI model.
Our data demonstrated that the pharmacological
supplementation of DMF resulted in a significant
increase of anti-oxidant enzymes and a substantial
reduction of inflammatory mediators, leading to
significant amelioration of the liver damage caused by
I/R. Many studies have shown that oxidative stress
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cell-induced oxidant stress. Activated Kupffer cells
produce and secrete pro-inflammatory cytokines,
[3]
including TNF-α, IL-6, COX-2, and iNOS . In this
study, we observed significantly decreased TNF-α, IL-6
and COX-2 protein expression, indicating that DMF
may inhibit the activation of Kupffer cells by enhancing
anti-oxidant effects. We also found a significant
decrease in the expression level of NF-κB 2 h after
reperfusion in the DMF-pretreated rats. A previous
report showed that DMF inhibited pro-inflammatory
cytokine production and NF-κB signaling by inhibiting
[21]
nuclear translocation . Previous reports also
demonstrated that DMF has a cardioprotective effect
[22]
during I/RI through the Nrf-2 and NF-κB pathway ,
strongly supporting our results. Moreover, recent
studies have demonstrated that NF-κB is involved in
[3]
the regulation of COX-2 and iNOS expression . Our
data showed that DMF can inhibit NF-κB expression
and suppress COX-2 expression but does not affect
iNOS expression.
We found that twelve plasma cytokines and
chemokines were decreased by DMF administration.
CINC and MIP are members of the CXC chemokine
family, are potent chemotactic factors for neutrophils,
and contribute to neutrophil recruitment in in
[23]
flammation . MIP-3α is expressed mainly in the liver
and is produced by dendritic cells and macrophages
after an inflammatory response, resulting in the
[24]
recruitment of activated T cells into the liver . CD86
was also reported to be involved as the costimulatory
signaling molecule for antigen-presenting cells (APCs)
[25]
in T-cell activation . The up-regulation of CD86
in sinusoidal endothelial cells contributes to liver
[26]
injury after warm I/R . VEGF is a well-established
angiogenesis factor and has been recently found to
have potent pro-inflammatory properties in the early
[27]
period after transplant . PDGF-AA is an important
mediator of connective tissue expansion during liver
[28]
fibrosis . TIMP-1 is significantly increased in patients
with fulminant hepatitis, reflecting severe hepatic
[29]
inflammation . Fas ligand is expressed on infiltrating
immune cells and induces apoptosis of hepatocytes,
[30]
leading to hepatocyte injury . CNTF, a member of
the IL-6 superfamily, is involved in fever induction
[31]
and a hepatic acute-phase protein response . Taken
together, DMF suppressed plasma cytokines and
chemokines related to apoptosis, inflammation and
fibrosis. Further studies will be conducted to explore
this Nrf2 anti-inflammatory effect.
The histological investigation suggested that I/RI
caused severe pathological alterations in the liver.
Pretreatment with DMF ameliorated I/RI-induced
histological changes, and this effect was attributed
to its anti-oxidant efficacy. The observed endothelial
dysfunction could be a consequence of decreased
[32]
synthesis or bioavailability of NO . A previous report
showed that the observed endothelial dysfunction is
characterized by a marked reduction in NO availability
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and decreased expression and phosphorylation of
[17]
eNOS . Our results showed that DMF enhanced
eNOS protein expression, suggesting that DMF
pretreatment may protect endothelial function from
I/RI. Furthermore, cellular apoptosis consumes large
+
amounts of nicotinamide adenine dinucleotide (NAD ),
+
and the process to resynthesize NAD decreases the
[33]
level of cellular ATP . Our data showed that the ATP
content was increased in the DMF group compared
to that in the CTL group, suggesting that DMF has an
anti-apoptotic effect. In fact, the apoptotic index in the
DMF group was significantly lower than that in the CTL
group. A previous report showed that liver I/RI mainly
[13]
occurred in the form of apoptosis . Excessive oxygen
free radicals could directly react with unsaturated fatty
acids on the surfaces of mitochondrial membranes,
leading to the destruction of their structure and
function. Large amounts of cytochrome C and other
apoptosis-promoting substances were released,
triggering cell apoptosis. In this study, we showed
that DMF may have inhibited the apoptotic pathway
mediated by mitochondria.
In conclusion, our biochemical and histological
findings indicated that DMF pretreatment was very
effective in preventing tissue damage in liver I/RI.
First, the burden of oxidative stress, which increases
during I/RI, was alleviated by DMF, which increased
the expression of anti-oxidant enzymes and decreased
the level of NF-κB. Second, DMF improved the
recovery of endothelial dysfunction and the production
of ATP in hepatocytes. Other protective effects against
I/RI on hepatocytes were clearly demonstrated by
DMF administration, including improvements in the
ALT level and the histopathological features. Future
studies are needed to explore the efficacy of DMF in
the management of patients with liver interventions.
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and cell apoptosis. The I/R-induced oxidative stress and tissue damage involve
multiple cell signaling pathways that result in liver failure.

Research frontiers

To knowledge, the effects of dimethyl fumarate (DMF) on liver I/RI have not
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Abstract
AIM
To enhance the clinical utility of electrogastrography
(EGG), which has been recorded since 1922, but is
clinically unutilized.

Institutional animal care and use committee statement:
The experimental work was approved by the Veterinary Sciences
Animal Care Committee, University of Calgary, Calgary, Alberta,
Canada T2N1N4, Protocol No. SHC11R-03.

METHODS
An innovative method to salvage the promise of EGG is
proposed by introducing a preliminary procedure, while
maintaining the electrodes, standardized equipment,
and signal processing utilized in the well-established
EGG testing of today. The proposed enhanced EGG
(EEGG) protocol involves swallowing an ingestible
capsule containing miniature electronic oscillator
embedded in an expandable, self-disintegratable,
biocompatible pseudobesoar residing in the stomach for
the duration of the test. The benefits of the proposed
approach are outlined, tested and discussed in details.
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RESULTS
Experiments were performed on eight mongrel dogs (6F,
4M, 23.8 ± 3.3 kg). Four were administered an active
EEGG capsule, while the rest were given a deactivated
(battery removed) capsule. Pharmacologically facilitated
gastric motility revealed a significant (p < 0.01)
Pearson correlation between gastric motility indices
obtained by force transducers implanted directly on the
stomach, and the motility indices obtained by EEGG. A
particular emphasis was made on preserving standard
EGG-related hardware and software in order to facilitate
the introduction of the proposed EEGG in environments
which already utilize standard EGG testing. The
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Functional dyspepsia as a disorder of gastric motility

expanded intragastric pseudobezoar containing the
miniature electronic oscillator was retained during the
tests, and could be disintegrated on demand.

Functional dyspepsia is a multifaceted disorder of the
upper gastrointestinal tract that affects between 5%
[5]
and 11% of the world population , and is defined
by the so called Rome IV criteria, which include: (1)
sensation of pain and/or burning in the epigastrium; (2)
early satiety (inability to finish a normal-sized meal);
(3) distinct feeling of fullness during and immediately
after meal; and (4) combination of these symptoms in
[6]
a repetitive manner . Gastric motility abnormalities
such as delayed emptying, impaired initial distribution
of a meal within the stomach, impaired accommodation
to a meal, antral hypomotility, gastric electrical
dysrhythmias (tachygastrias, bradygastrias, and mixed
dysrhythmias), and delayed gastric emptying have all
[7]
been identified in patients with functional dyspepsia .
The portfolio of dyspeptic symptoms strongly suggests
an impaired gastric motility association with the
disorder. However, although antral hypomotility and
delayed gastric emptying are frequent in patients with
[6]
functional dyspepsia , the clinical importance of these
findings remains uncertain, mainly for two reasons:
(1) they do not always correlate with symptoms; and
(2) the link to impaired gastric motility has not been
[8]
demonstrated due to the lack of a single, reliable,
24-h (or longer) ambulatory test for assessing gastric
motility in settings not different than the normal daily
routine of the patient, as is presently investigated in
[9]
the evaluation of esophageal reflux .
In this situation, the availability of a reliable longterm, ambulatory gastric motility test could possibly
correlate the presence of dyspeptic symptoms to gastric
motor function abnormalities, or, alternatively, to dispel
such relationship altogether. This testing deficiency
prompted researchers to search for alternative causes
and reasons that could possibly be associated with
[10]
functional dyspepsia . Thus, presently, the diagnosis
of functional dyspepsia is predominantly symptombased, with the support of several tests, including
most typically antral manometry and gastric emptying,
but in what could be classified as a scientific curiosity
associated with mild desperation, researchers are
actively seeking other valid reasons for the dyspeptic
[10,11]
symptoms to manifest themselves
.

CONCLUSION
Enhancing standard EGG by an ingestible, selfexpanding and self-disintegrating pseudobesoar
containing a miniature electronic oscillator can be an
important avenue for clinical applicability of this test.
Key words: Electrogastrography; Functional dyspepsia;
Gastroparesis; Ingestible oscillator; Pseudobesoar
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Intrinsic gastric electrical activity is of specific
nature that restricts the clinical applicability of its noninvasive measurements known as electrogastrography
(EGG). This study proposes the utilization of an
ingestible, self-expanding and self-disintegrating
pseudobesoar containing a miniature electrical oscillator
to enhance the clinical utility of EGG in diagnosing
functional dyspepsia and gastroparesis.
Poscente MD, Mintchev MP. Enhanced electrogastrography: A
realistic way to salvage a promise that was never kept? World J
Gastroenterol 2017; 23(25): 4517-4528 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i25/4517.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i25.4517

INTRODUCTION
Cutaneous recordings of gastric electrical activity
(GEA), known as electrogastrography (EGG), have
[1]
been recorded since 1922 and has been groomed
to become a single, non-invasive test for the
early diagnosis of functional gastric dyspepsia and
gastroparesis. However, to this day remain clinically
unutilized, although two distinct Current Procedural
Terminology (CPT) codes associated with EGG have
been introduced in the United States for diagnostic
[2]
purposes . Despite numerous unsubstantiated claims
regarding the clinical utility of EGG, the prevailing
attitude addressing the limitations of EGG for clinical
decision-making is that they have overwhelmingly
cast their shadow over this tempting non-invasive
test which was promoted as a primary clinical tool for
[2-4]
diagnosing functional dyspepsia . In this study we
discuss an innovative method to salvage the promise
of EGG, by introducing a preliminary procedure to the
patient preparation, while maintaining the electrodes,
standardized equipment, and signal processing utilized
in the standard EGG testing of today, with the hope
that this technique can revive the promise of EGG as
a clinical diagnostic test for functional dyspepsia and
gastroparesis.
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EGG and its limitations

EGG, the cutaneous, non-invasive recordings of GEA,
seemed to be perfectly suited to offer the missing
link between gastric motility abnormalities and
dyspeptic symptoms, as it was supposed to be a true
representation of the intrinsic, omnipresent GEA,
[12]
which in turn controls gastric motility . Not quite,
[13]
[14]
unfortunately. Although arguments pro
and con
have been circulating in the research community for
the last 30 years, the prevalent objective scientific
opinion outlines the following 4 major limitations
associated with plain EGG:
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The “SmartPill” alternative

(1) EGG cannot reliably represent gastric con
tractions or their shape, pattern, frequency, coupling
[15]
and strength ; (2) Although EGG seems to represent
a heavily integrated picture of the intrinsic gastric
electrical rhythm, it fails where its reliability is needed
most - in truthfully representing objectively existing
internal gastric electrical abnormalities - dysrhythmias,
[16]
tachygastrias and bradygastrias ; (3) Although
postprandial EGG somewhat differs from fasting
EGG, these differences have not led to any reliable
clinical association with abnormal gastric motility,
[17]
even if a standardized meal is administered ; and
(4) The intrinsic electrical activity of the stomach is a
complex, multi-component phenomenon, and the omni
present rhythmic electrical component (also known
as electrical control activity, or ECA) is a necessary,
but not sufficient condition for gastric contractions to
occur. Because of the different physiological nature of
the gastric pump compared to the cardiac pump, the
electrical fields of the stomach and of the heart differ
substantially, with the stomach resembling functionally
an “asynchronous pump”, irregularly exhibiting
intermittent contractions during the presence of
which the underlying electrical activity controlling it
grows in complexity by the superposition over ECA
of the so-called electrical response activity (ERA),
[18]
which in turn is of two types, plateau and spikes .
Only the presence of the latter has been associated
with meaningfully strong contractions. However,
unfortunately, although often of high amplitude, spikes
are of very short duration, which results in relatively
low electrical power that dissipates before it can
influence the cutaneous EGG recordings in any reliable
and meaningful manner. In contrast, the heart can be
regarded as a “synchronous” pump, with its electrical
and mechanical activity corresponding quite intimately
[19]
and with mutually reflected changes .
Unfortunately, the tempting promise of EGG as a
non-invasive test for assessing gastric motor function
similarly to the way its overwhelmingly successful
sister, electrocardiography (ECG) can assess the motor
function of the heart, continue to overshadow the
above limitations, which in our opinion are objectively
prohibitive. Although the arguments pro- and conEGG can continue forever, the facts are clear: one after
another, the assessment panels of state insurance
companies in the United States label EGG as an
investigative, but not as a diagnostic test, and refuse
to offer any reimbursement for it, despite that two
distinct current procedural terminology (CPT) codes
associated with EGG have been introduced long time
[20]
ago . It is our opinion, therefore, that unless a major
change in the EGG paradigm is proposed, the test
will slowly decay and die its natural death. Thus, in
our view, the standard EGG testing of today can be
[21]
regarded not as a promise, only partially kept , but
as a promise not kept at all, at least in the context of
objectively assessing gastric motility.
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Recently, and with much fanfare, the so-called
“SmartPill” has been introduces as a possible gastric
motility test, at least as a minimally invasive tool to
[22]
measure gastric emptying . Although this could
represent a welcome replacement of traditional
scintigraphy for measuring gastric emptying, it has
been already discussed that gastric emptying test
alone could not be the long searched single diagnostic
test for dyspepsia, and by itself is not a direct gastric
[23,24]
motility test
.

The need for gastric retention

Our present opinion is that in order to reliably assess
gastric motility, particularly in ambulatory settings
closely resembling the daily routine of the patient,
three necessary conditions need to be met: (1) A
“smart” capsule needs to be ingested by the patient;
(2) The capsule should be retained in the stomach for
the duration of the test, but should has the capability
to disintegrate and safely exit the gut naturally after
the testing is completed; and (3) Existing testing
equipment and established procedures need to be used
in order to optimise the path to clinical utilization of the
technique, and respectively, to its reimbursement by
insurance companies as a legitimate diagnostic test.

Pseudobezoar-based gastric retentive oscillator

Recently, we have been exploring the utilization of
passive, temporary, controllable pseudobezoars as
[25]
ingestible implements for the treatment of obesity .
The safety of these implements has been established
[25]
in various tests on animals and humans . It has
been already discussed that the intrinsic gastric
electrical oscillator is a complex, multicomponent
and dynamic phenomenon, whose relationship with
actual gastric motility is so multifaceted that plain
EGG cannot reliably assess it. Thus, we recently
proposed to enhance an ingestible pill containing a
temporary, controllable pseudobezoar with a miniature
electronic oscillator of known and strong enough
emitting frequency, optimized for good transluminal
[26-28]
transmission
. This is a way to essentially enhance
the intrinsic gastric electrical oscillator with a strong,
simple, single-frequency source, which could be easily
detected cutaneously by traditional EGG equipment
and can be consequently processed by the same
signal processing tools that plain EGG testing of today
employs. Thus, not only long-term gastric retention
could be achieved, but also the internal manipulation
of the oscillator-containing pseudobezoar by gastric
motility would be able to manifest itself cutaneously in
a far more reliable fashion. Thus, our proposition is: (1)
Convert an ingestible, passive, temporary, controllable
pseudobezoar capsule into an active oscillator source,
while preserving its gastric retentive capability; and
(2) Utilize routine EGG testing equipment, electrode
arrangement and signal processing tools to record
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Figure 1 The oscillator circuit, printed circuit board layout, and enhanced electrogastrography capsule body. Dimensions of the circuit board were 10 mm × 6
mm, which allowed it to fit inside the capsule body that had dimensions 19 mm × 10 mm. Size of the board was constrained by component choice, as well as the need
for swelling polymers surrounding the capsule body.

custom caps were made of machined copper that was
threaded to closely fit the body in order to be able to
seal the contents of the pill. The inside surface of the
copper caps was soldered to thin wires connected to
output vias on the circuit board before being screwed
together. Particular care was taken to ensure that
body fluids did not enter the capsule; the two caps
were screwed onto the shell with a layer of ultra-thin
polytetrafluoroethylene (PTFE) film in order to provide
high quality waterproof seal between threads. Figure 1
shows the full design of the internal circuitry and body
of the enhanced EGG (EEGG) capsule.

the electric power dynamics of the ingested gastricretentive oscillator, with the hope that it would reliably
reflect gastric motility.

MATERIALS AND METHODS
Design of the enhanced EGG ingestible capsule

Oscillator: Previous literature demonstrated that
50 kHz is an optimal frequency for luminal electrical
impedance measurements to minimize interference
with regular muscle, nerve, and organ functions, while
[26,27]
enabling effective transmission through the body
.
Body conduction of small low frequency signals has
been clinically proven to be safe, and has found
[29]
application in other GI related technologies . Size
and power consumption were taken into account when
it was decided to utilize the TS3001 (Silicon Labs,
Austin, TX, United States) programmable oscillator
integrated circuit that offers a frequency range from 9
to 300 kHz and uses a maximum of 5.4 µA of supply
current to maintain operation. The complete design
including a battery, the selected oscillator chip, resistor
and capacitor fitted onto a 10-mm by 6-mm two sided
printed circuit board that was custom manufactured.

Gastric retention: In order to provide long term
gastric motility measurements and prevent the
expulsion of the EEGG pill into the duodenum, a
gastric retentive enclosure was incorporated into
the prototype. The oscillating EEGG capsule was
embedded in 0.15 g of dry, non-toxic, hydrophilic,
crosslinked polyacrylate polymer granules contained
inside a nonwoven, high permeability 20-gsm polyvinyl
alcohol (PVA) mesh. The polymer granules are able to
immediately absorb and retain hundreds of times their
weight in water, and swell to 30-50 times their dry
size in gastric liquids if accompanied by the concurrent
intake of strong antacid. Once the polymers have
swelled they are unable to dissolve due to the three
[30]
dimensional crosslinked structure , making them an
ideal choice for gastric retention when held in place
by a permeable mesh structure. The PVA mesh was
designed to ensure that upon expansion the whole
structure would exceed 1.5 cm in any direction, but
not be larger than 4 cm in any direction, with a fully
expanded volume between 20 to 30 ml, which is well
[31]
below the threshold of perception . When pressure is
applied the polymer granules linearly retain less water,
allowing a certain degree of compliance of the structure
to the mechanical activity of the stomach. The mesh
was also chosen due to its permeability to fluids, which
enable the polymer granules to make adequate contact
with the gastric juices. The 40-degree PVA mesh is
biodegradable, and will disintegrate within 2-3 d in
order to avoid obstruction, and similar gastric retentive
technologies have been demonstrated to withstand
digestive antral pressures, and produce no adverse

enhanced EGG capsule body: In order to protect the
circuitry, the custom-designed electronics were held
in a custom capsule that was made for the prototype
models. The capsule consisted of a cylindrical body
with two cap electrodes on either end, with an outer
dimension of 10 mm in diameter and 19 mm in length,
(Figure 1). The hollow cylindrical body was made of a
machined biocompatible chemically resistant medical
grade polyetherimide (PEI) resin (Ultem 2300; Ritter
GmbH, Schwabmunchen, Germany). This material
was selected for its corrosion resistance, dielectric
[30]
insulation, and high strength to weight ratio . The
inner diameter of the cylindrical body was 8.36 mm,
allowing the custom electronics to fit. On either end
of the body the last 2.5 mm had recessed threading
to allow custom-made caps to be tightly screwed into
place. The main constraint on the size of the capsule
was the presence of embedded electronics, as well as
the need for gastric retentive polymers surrounding
the capsule but within a dissolvable pill body. The
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1

a single capsule as described above with 500 cc of
room temperature water (21.0 ℃). The pill swelled
to its maximum size in the stomach within 15 min
after ingestion to dimensions exceeding 1.5 cm
in any direction, and subsequently was unable to
pass the pyloric sphincter even when subjected to
pharmacologically induced propulsive peristalsis.
Each animal underwent an induction with an
intravenous injection of thiopental (Thiotal 15 mg/kg
IV, Vetoquinol Canada, Lavaltrie, QC, Canada) and
was subsequently maintained on inhalant isoflurane
and oxygen (Halocarbon Laboratories, River Edge, NJ,
United States) with a vaporizer setting of 1%-3%. The
anesthesia was chosen because it did not influence
gastric neurotransmitters, and as such would not
[32]
affect gastric contractions . Individually, the animals
were then positioned supine, their abdomens shaved,
cleaned, and sterilized with alcohol before performing
laparotomy via a median incision vertically along the
linea alba to gain access to the stomach.
After the incision the location of the ingested pill
in the stomach was verified endoscopically using
an EPK-700 veterinary endoscope (Pentax, Tokyo,
Japan), and the voltage developed on the serosa of
the stomach was measured using an oscilloscope
(Tektronix, Beaverton, OR, United States) to confirm
the presence of an activated or deactivated pill. After
this verification, two 90W24 force transducers (RB
Products, Stillwater, MN, United States) were surgically
sutured to the serosal side of the antral stomach along
[33]
the gastric axis . The first force transducer was
positioned 1-2 cm from the pylorus, and the second
was affixed proximally 5-6 cm from the pylorus, along
the gastric axis. The mesenteric innervation and the
blood supply of the stomach were carefully preserved.
The internal position of the EEGG oscillator and the
serosal position of the force transducers is shown in
Figure 3.
The signals from the force transducers were
amplified using a custom-designed multichannel
bridge amplifier, and digitized using a PCMCIA DAQ
Card-AL-16XE-50 (National Instruments, Austin, TX,
United States). The force transducer signals were
monitored and analyzed with custom-designed signal
processing and visualization software (GAS-6.2,
Biomedical Instrumentation Laboratory, University of
Calgary, Calgary, Alberta, Canada). Once the force
transducers were in place, their functionality was
verified mechanically by manual palpation of variable
strength, and the offsets and gains were calibrated
accordingly for maximal sensitivity.
The intragastric position of the pill was then verified
mechanically by palpating it to ensure that it had not
been compromised during surgery. Following the FT
implantations, the abdomen was closed, and after
appropriate skin cleaning and preparation, three
pediatric ECG electrodes (Conmed, Utica, NY, United
States) were placed cutaneously over the stomach
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Figure 2 Breakdown of the enhanced electrogastrography gastric
retentive pill. The oscillator circuit was first sealed into the assembled capsule,
and added to superabsorbent granules held in a liquid-permeable mesh. This
was inserted into a dissolvable pill, which completely disintegrated in the
stomach after 10 min, allowing the granules to swell. A mm scale is provided
on the left of the image. 1: Oscillator circuit; 2: Capsule body; 3: Assembled
capsule; 4; Superabsorbent granules; 5: Capsule and granules inside a liquidpermeable mesh; 6: Dissolvable pill containing the mesh enclosed capsule; 7:
Enhanced electrogastrography gastric retentive pill; 8: Pill expanded in water; 9:
Test dish.
[25]

mucosal impact or evacuation obstruction issues .
The PVA mesh can be immediately disintegrated on
demand via the consumption of a glass of hot (>
40 ℃) water. Obviously, in human testing, the patients
should be advised not to drink hot (> 36 ℃) beverages
for the duration of the test, unless they need to
terminate it.
Encapsulation: In order to orally deliver the EEGG
capsule and gastric retentive enclosure to the stomach
the prototype models were encased in a split hard
gelatin shell capsule (AAA DB capsule, Capsugel,
Greenwood, SC, United States). The size of the gelatin
capsule directly affected how much expanding polymer
could be integrated into the design, as the size of the
inner EEGG capsule was determined from the internal
electronics. For the present feasibility study the
emphasis was on demonstrating the effectiveness of
the electronics. Figure 2 presents an exploded image
of the pill, as well as the order of assembly.

Testing EEGG in a canine study

Experiments were performed on eight mongrel dogs
(6F, 4M, 23.8 ± 3.3 kg). Four were administered
an active EEGG capsule, while the rest were given
a deactivated (battery removed) capsule. The dogs
were vaccinated and dewormed as per the Canadian
Veterinary Medical Association’s recommended yearly
protocol regime. Vaccines included Canine distemper/
adenovirus, Type 2 parvovirus/bordetella/rabies.
Drontal Plus (Bayer HealthCare LLC, Shawnee Mission,
KS, United States) was used as an oral dewormer.
Each animal underwent a physical examination by
a board-certified veterinarian and was found to be
in good condition. After 24 h of fasting and 12 h of
water deprivation, each animal transorally ingested
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the same PCMCIA card DAQ Card-AL-16XE-50
(National Instruments, Austin, TX, United States)
simultaneously with the force transducer signals, and
were subsequently monitored and stored for further
analysis using the same custom software. The overall
setup of this experiment is shown in Figure 4.
Immediately after the experimental setup was
completed, a baseline recording was performed with
no pharmacological stimulant for 30 min. Following
this recording, bolus neostigmine (0.04 mg/kg, APP
Pharmaceuticals, Schaumburg, IL, United States)
was administered intravenously as a smooth muscle
[34]
stimulant to invoke contractions . Thirty minutes
of post-neostigmine recordings were subsequently
obtained. The total recorded time from each animal
was 60 min; 30 min in the basal state, and 30 min
in the post-neostigmine state, with a one-minute
time interval between them for the intravenous (IV)
administration of the bolus neostigmine.
At the end of the experiments the animals were
sacrificed by an IV injection of Euthanyl, 480 mg/4.5
kg (Bimeda-MTC Animal Health Inc., Cambridge, ON,
Canada). Subsequent retrieval of the expanded pill
was performed in order to verify its retention within
the stomach, and to confirm the presence of the
signal in the active EEGG pills or the lack thereof in
the inactive sham pills using an oscilloscope. The postadministration volume of each gastric-retentive pill
was measured to quantify expansion dimensions. The
study was approved by the Veterinary Sciences Animal
Care Committee, University of Calgary, Calgary, Alberta,
Canada.

Gastric retentive
pill

Pylorus

1-2

B

Gastric axis

FT2

Serosal view

Internal view

EEGG
oscillator

Figure 3 The serosal view of the stomach showing the placement of
the force transducers (A), and the internal view of the stomach showing
the position of the enhanced electrogastrography capsule and gastric
retentive mesh (B). EEGG: Enhanced electrogastrography.
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Figure 4 Overall gastric retentive pill-based experimental setup. 1:
Stomach; 2: Gastric retentive mesh; 3: Enhanced electrogastrography capsule;
4: Implanted force transducers; 5: Connecting wire from force transducers;
6: Custom bridge amplifier; 7: Cutaneous electrodes; 8: Receiving wires from
electrocardiography electrodes; 9: Isolated bioelectric amplifier; 10: Analog-todigital converter; 11: Real-time data acquisition software.

Signal acquisition, conditioning, digitization,
processing, and data logging

along the abdominal projection of the gastric axis,
with a ground electrode positioned close to the left
[34]
hip of the animal . The position of the electrodes
was similar to the one associated with impedance
epigastrography, since previous studies have suggested
[35]
optimal electrode placement .
The EEGG signals were measured with a customdesigned 16-channel electrogastrograph. The amplifi
cation of the electrogastrograph was set to 1000 ×,
in order to utilize the range of the analog to digital
converter. The cut-off frequencies of the bandpass
filter of the custom electrogastrograph were set
to the commonly used 0.03-0.1 Hz following the
hypothesis that gastric motility signals in the animals
[36]
will not exceed 6 cycles-per-minute (cpm)
and
will amplitude-modulate the intraluminal oscillator
frequency of 50 kHz, the latter acting only as their
carrier. The 0.1-Hz low pass filter would thus act
as a demodulator for this transcutaneous signal
transmission, and would prevent higher frequency
electrophysiological and mechanical processes (e.g.,
electrocardiographic activity and respiration) from
interfering with the signal originating from within
the stomach. The signals were then digitized using
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Signal acquisition: The cutaneous biovoltage
evoked from the induced EEGG signal was measured
via disposable Ag/AgCl ECG electrodes (Cleartrode,
Conmed, Utica, NY, United States). Two EEGG channels
were bipolarly recorded as the potential differences
between two active electrodes measured relative to
a common ground electrode placed away from the
stomach on the shaved inner thigh of the animal. These
bipolar signals were processed to reflect the dynamics
of their electrical power, which was hypothesized to
correlate highly with contractile activity. Electrodes
were placed in a similar configuration to that used in
[37]
standard EGG recordings (Figure 4) .
Signal conditioning: The raw analog signals from
the ECG electrodes were amplified and filtered using
a custom-designed multichannel electrogastrograph
(EGG, James Long Company, Caroga Lake, NY, United
States), which measured the voltages relative to the
ground electrode using analog gain of 10000. The high
pass filtering cut-off frequency was set at 0.03 Hz,
while the low pass filtering cut-off frequency was 0.1
Hz.
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Signal digitization: After being amplified and filtered,
the EEGG signal was digitized using a PCMCIA DAQ
Card-AL-16XE-50 (National Instruments, Austin, TX,
United States). This analog to digital converter can
record 16 bit voltages between 0 and 5 volts at a
maximum rate of 200 kS/s. Since the low-pass cutoff frequency of the amplifier was set at 0.1 Hz, a
sampling frequency of 10 Hz was chosen for simplicity
and to avoid aliasing effects. The resolution of this
analog-to-digital converter was found to be 0.076 mV
± 0.038 mV.

again normalized according to equation (3.1). This
normalization is indicative of the average power, and
can be compared across samples even with varying
sample rates.
600 × (i + 1)

Mi =

2

Dj

(1.2)

where Mi is the motility index M calculated for
minute i, [dimensionless]; and Dj is the normalized
data at point j, [dimensionless];
Once the general trends of gastric motility are
established by the motility indices, Pearson correlation
coefficients can be computed in order to compare the
different signals, and provide a metric for validation.
Pearson correlation coefficients were chosen for
statistical validation because they indicate a measure
of linearity between two signals. Pearson correlation
coefficients with P < 0.05 were considered to be
[40]
significant .
Further processing of the signals was done to assess
the contractions per minute visible in each respective
channel. Dominant peaks of the frequency for each
measuring modality (basal and post-neostigmine)
were subjected to a comprehensive statistical analysis
[40]
using the paired Student’s t-test
to evaluate the
relationship between the frequency dynamics of EEGG,
sham and force transducer measurements. Frequency
analysis was done using the Fast Fourier Transform,
implemented in the custom visualization and analysis
GAS-6.2 software used previously.

Signal processing: The signals were viewed using
custom signal processing and visualization software
(GAS-6.2, Biomedical Instrumentation Laboratory,
University of Calgary, Calgary, Alberta, Canada). This
software was designed with EGG in mind, and can
visualize up to 16 channels simultaneously in real time.
Signals are monitored and stored for further analysis.
After the signals were acquired they were further
processed using a custom program developed using
Matlab (MathWorks, Natick, MA, United States) that
normalized each signal before calculating one-minute
motility indices, and computing Pearson correlation
coefficients between the input signals. Normalization
is done because of the inhomogeneity of the tissues
between the EEGG transducer capsule and whichever
electrode recorded the signal. As a result, EEGG
signals are presented in terms of relative units, where
the highest value is represented by a 1 and the lowest
by a 0. Normalization was performed according to
equation (1.1).
DNorm = (DO - DMin)/(DMax - DMin) (1.1)
where, DNorm is the new normalized data point,
[dimensionless]; D O is the original point to be
normalized, [dimensionless]; DMin is the minimum data
point in the entire set, [dimensionless]; and DMax is the
maximum data point in the entire set, [dimensionless].
[38]
One-minute motility indices
effectively low-pass
filter the signals, reducing the effect of erroneous
outlying data and presenting the general trend of
gastric motility. Motility indices are a convenient way
to interpret the impedance dynamics of the tissue
[39]
because they represent the power of the signal ,
which is independent of pill polarity. This is important
because the pill is effectively floating within the
stomach, and its orientation cannot be predicted
so by measuring the power of the signal we can
negate this effect. One-minute motility indices are
further advantageous because signals from force
transducers and EEGG may be out of phase due to
the spatial difference in ECG electrodes. In this case
if could appear that little to no correlation in activity
was present. Motility indices are calculated by taking
the sum of squared data points over the course of
a minute. In one minute there were 600 samples,
as the sampling frequency was 10 Hz. After motility
indices were calculated using equation (1.2) they were
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∑

j = 600 × i + 1

RESULTS
Gastric retention

Before the implantation of the force transducers an
oscilloscope was used to detect the 50 kHz signal,
or lack thereof being emitted by the ingested EEGG
capsule. Oscilloscope leads were placed in electrical
contact with the serosa of the stomach over the pill,
the position of which was approximately determined
by manual palpation. A sample oscilloscope recording
for an active pill is shown in Figure 5a, while Figure 5B
shows a recording of an inactive pill.
The expanded pill was retrieved from each animal
after experimentation, in order to verify the pill’s
activity using the same oscilloscope used previously,
as well as to assess the expansion dimensions and
structural integrity of the gastric retentive enclosure
during testing. Each experiment revealed that all the
EEGG pills remained either active during testing, and
did not fail as a result of liquid exposure or battery
failure. Conversely, the sham pills remained inactive,
as expected. The average post-retrieval volume of
the pills was 12.1 ± 0.4 ml, and had dimensions
exceeding 1.5 cm in all directions. The presence of
the intact pill within the stomach at the conclusion of
the experiments indicated that the pharmacologically
induced contractions were unable to propel the
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Figure 5 An oscilloscope reading from the gastric serosa prior to the force transducer implantation verified the presence of an activated enhanced
electrogastrography pill inside the stomach (A). The sham pills did not demonstrate any signal (B).

Table 1 Averaged pearson correlation coefficients of the one-minute gastric motility indices per state per capsule type
Modality

State

PCCs proximal FT-proximal

P value

Cutaneous GMIs
EEGG capsule
Sham capsule

Baseline
After neostigmine
Baseline
After neostigmine

0.763 ± 0.20
0.731 ± 0.12
0.160 ± 0.03
0.113 ± 0.09

PCCs distal FT-distal

P value

Cutaneous GMIs
< 0.01
< 0.01
> 0.10
> 0.10

0.674 ± 0.47
0.734 ± 0.14
0.071 ± 0.02
0.051 ± 0.03

< 0.01
< 0.01
> 0.10
> 0.10

PCCs: Pearson correlation coefficients; GMIs: gastric motility indices; EEGG: Enhanced electrogastrography; FT: Force transducer.

expanded gastric retentive enclosure into the small
intestine, nor were the pressures within the stomach
high enough to rupture the gastric retentive enclosure
itself.

simultaneous recording is shown in Figure 6B, for
the case of the sham pill. Table 1 summarizes the
Pearson correlation coefficients of the one-minute
gastric motility indices, divided into baseline or postneostigmine, and active or sham capsule.
Frequency spectral analysis was performed in order
to assess the contractions per minute of each signal.
As in the case of Pearson correlation coefficients distal
and proximal EEGG recordings were compared to
the corresponding force transducer. The dominant
frequency peaks revealed statistically significant
relationships between EEGG and force transducer
recordings. The sham study revealed substantial
dissociation between the dominant frequency peaks,
particularly during the baseline period in which the
limited spontaneous gastric activity was sporadic
and irregular. Accordingly, there was no significant
relationship between the sham study (which can be
effectively be considered a standard EGG study) and
the force transducers. The averaged values of the
dominant peaks in the frequency spectra (0.03-0.1
Hz) are presented in Table 2.
Comparative statistical evaluation of the frequency
dynamics of the dominant spectral peaks is presented
in Table 3.

Motility indices, Pearson correlation coefficients, and
contractions per minute (cpm)

The testing was divided into two sections, baseline
and post-neostigmine, and results were recorded and
labelled accordingly. During the baseline tests there
was sporadic presence of spontaneous contractile
activity as measured by the force transducers, and
evidenced in the visual comparisons of Figure 6A and
B. Following the introduction of neostigmine several
gastric motility factors dramatically increased, notably
the frequency, regularity, and amplitudes of contractile
activity. A typical simultaneous force transducer and
EEGG recording for an active capsule is shown in
Figure 6A, along with the post processed one-minute
motility indices in parallel. Thirty minutes of baseline
activity and thirty minutes of post-neostigmine activity
was recorded and normalized together, in order to put
each recording into perspective with respect to the
maximum and minimum of both states combined. In
both states there were statistically significant (p < 0.01)
correlations demonstrated between the one-minute
motility indices of EEGG and force transducer signals.
The more distal or proximal cutaneous electrode
combinations were compared to their corresponding
force transducer. In the case of the battery removed
sham pill the results showed no significant correlations
between respective motility indices. Another typical
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DISCUSSION
The history of cutaneous recordings of human GEA
[1]
spans almost one full century . However, in contrast to
its extremely successful twin sister, electrocardiography
[19]
(ECG) , which became a pivotal clinical tool that
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Figure 6 Combined plot of the raw signals and the one-minute motility indices for an active pill (A) and an inactive pill (B) in the baseline state (0-1800)
and post-neostigmine administration (1800-3600). A vertical line denotes the administration of neostigmine. Measurements are normalized and displayed in relative
units (RU). EEGG: Enhanced electrogastrography; FT: Force transducer.

immensely enhanced the frontiers of cardiology, EGG,
by any objective account, is a failure. The explanation
of this failure can easily be sought in various different
directions, ranging from the lack of critical, lifesaving diagnostic importance, to the lack of scientific
consensus in identifying dyspepsia and gastroparesis
as clear-cut gastric motility disorders, to the lack of
attention of brilliant enough academics and scholars, to
a bad luck due to numerous misrepresenting and overexaggerated EGG-related claims, etc. In our opinion,
all these reasons cannot be regarded as serious. In
our view, the deep reason for the lack of any clinical
utility in the present-day EGG testing is rooted in the
[17,41,42]
nature of the gastric electromagnetic field
. In
[43]
contrast to the electromagnetic field of the heart , its
gastric counterpart can be modeled with a dynamically
moving annular cylindrical band of electrical dipoles
[17,42]
pointing to the center, towards the gastric axis
.
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This is a special type of electromagnetic field that
presents a highly integrated signature when its
electrical potentials are recorded in its outer vicinity.
Add to that the humble amplitude range of these
biopotentials, their infralow frequency nature, and their
secondary integration over the surface area of the
recording cutaneous electrodes, and what emerges is
the hypothesis that it is the very nature of the gastric
electromagnetic field that objectively limits traditional
present-day EGG. So, what can we do to revive EGG
testing and breathe a new life in its promise as a single
diagnostic test for dyspepsia and/or gastroparesis?
Our proposal is simple - if the nature of the gastric
electromagnetic field is prohibitive to any meaningful
cutaneous, non-invasive EGG testing of gastric
motility, we create our own electromagnetic field
inside the stomach, which can do the job in a far more
meaningful and reliable way. In the present article we
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humans should take place in order to explicitly show
the real diagnostic value of such testing, including
its sensitivity and specificity. Third, the existing EGG
insurance codes should be revisited so that the routine
EGG is replaced by EEGG and it enters the clinical
mainstream, rather than remain forever “a research
tool” of little consequence, administered free of charge
only now and again and here and there by curious
investigators.
In conclusion, EEGG is a new modality to record
reliably and non-invasively gastric motility utilizing the
same recording setup used in present-day plain EGG.
Its clinical utilization promises to revive a non-invasive
gastric testing that is fading in oblivion.

Table 2 Averaged cycles per minute of the dominant spectral
peaks of the raw force transducer and cutaneous recordings
per state per capsule type
Modality
EEGG capsule

State

Channel

cpm

Baseline

FT
EEGG
FT
EEGG
FT
Sham
FT
Sham

2.38 ± 1.20
2.42 ± 1.27
3.55 ± 0.94
3.58 ± 0.95
2.65 ± 1.15
3.94 ± 1.67
3.84 ± 0.91
4.12 ± 1.56

After neostigmine
Sham capsule

Baseline
After neostigmine

FT: Force transducer; EEGG: Enhanced electrogastrography; cpm: Cycles
per minute.

COMMENTS
COMMENTS

Table 3 Statistical comparison between the dominant
spectral peaks of the force transducer and enhanced
electrogastrography/sham recordings using the paired student
t -test
Modality

State

EEGG capsule
Sham capsule

Baseline (FT EEGG)
After neostigmine (FT EEGG)
Baseline (FT EGG)
After neostigmine (FT EGG)

Background

Cutaneous recordings of gastric electrical activity, known as electrogastrography
(EGG) could not find any reliable clinical applicability for almost a century.

P value

Research frontiers

0.048a
0.049a
0.92
0.33

Although a promising non-invasive test to possibly diagnose gastric dyspepsia
and/or gastroparesis, EGG is still a research tool with no clinical utilization.

Innovations and breakthroughs

In this study, it is proposed to preserve the overall EGG test protocol and
standard equipment but provide enhanced patient preparation by swallowing
a self-expandable, self-disintegratable pseudobesoar capsule containing a
miniature electronic oscillator.

a

P < 0.05. FT: Force transducer; EEGG: Enhanced electrogastrography.

present one such possibility - an ingestible, temporary,
controllable pseudobezoar containing a point source
of a 50-kHz electromagnetic field. Upon swallowing,
the structure would swell in the stomach to a size
prohibiting its expulsion through the pylorus for at
least 48 h. Supplied by a powerful enough battery, this
pseudobezoar-based, gastric-retentive electromagnetic
oscillator overshadows the spontaneously existing GEA
in a powerful, yet meaningful fashion. In fact, canine
testing revealed that the cutaneous recordings of this
new electromagnetic field reflect gastric contractions in
a very reliable fashion. Subsequently, when the battery
supplying the electronic oscillator in the pseudobezoar
exhausts itself, the structure disintegrates into its
constituent fibers (with the encapsulated electronic
oscillator and its supplying battery being only
several millimeters in diameter), which leave the
gastrointestinal system in a natural way. An additional
safety feature can be also integrated within the
pseudobezoar, allowing its disintegration at any time
prior to its self-disintegration, based on ingesting strong
antacids, or drinking hot (> 45 ℃) liquids.
As with any innovative idea, a lot more needs to
be done before this radically new approach in the noninvasive ambulatory assessment of gastric motility
becomes a reliable clinical tool for diagnosing gastric
dyspepsia and/or gastroparesis. First and foremost,
the clinical community should clearly defend and loudly
support the need for such a single, non-invasive and
inexpensive test. Second, controlled clinical trials on
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Applications

The proposed enhanced electrogastrography method can be utilized for the
early diagnosis of functional dyspepsia and/or gastroparesis.

Peer-review

ECG is so limited in diagnosing for its lack of clinical utility. The innovative
method for EGG recording introduced in this paper, which leave the
gastrointestinal system in a natural way, is non-invasive, reliable and long-hour
ambulatory for gastric motility monitoring. It would become a promising clinical
tool for diagnosing gastric motility disorder.
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Abstract
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AIM
To evaluate the protective effects of glutamine in a
model of portal hypertension (PH) induced by partial
portal vein ligation (PPVL).
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METHODS
Male Wistar rats were housed in a controlled en
vironment and were allowed access to food and water
ad libitum . Twenty-four male Wistar rats were divided
into four experimental groups: (1) control group (SO)
- rats underwent exploratory laparotomy; (2) control
+ glutamine group (SO + G) - rats were subjected to
laparotomy and were treated intraperitoneally with
glutamine; (3) portal hypertension group (PPVL) - rats
were subjected to PPVL; and (4) PPVL + glutamine
group (PPVL + G) - rats were treated intraperitoneally
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reviewers. It is distributed in accordance with the Creative
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work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
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with glutamine for seven days. Local injuries were
determined by evaluating intestinal segments for
oxidative stress using lipid peroxidation and the
activities of glutathione peroxidase (GPx), endothelial
nitric oxide synthase (eNOS) and inducible nitric oxide
synthase (iNOS) after PPVL.

Zabot GP, Carvalhal GF, Marroni NP, Licks F, Hartmann RM,
da Silva VD, Fillmann HS. Glutamine prevents oxidative stress
in a model of portal hypertension. World J Gastroenterol 2017;
23(25): 4529-4537 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i25/4529.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i25.4529

RESULTS
Lipid peroxidation of the membrane was increased in
the animals subjected to PH (P < 0.01). However, the
group that received glutamine for seven days after the
PPVL procedure showed levels of lipid peroxidation
similar to those of the control groups (P > 0.05). The
activity of the antioxidant enzyme GTx was decreased
in the gut of animals subjected to PH compared with
that in the control group of animals not subjected to PH
(P < 0.01). However, the group that received glutamine
for seven days after the PPVL showed similar GTx
activity to both the control groups not subjected to PH (P
> 0.05). At least 10 random, non-overlapping images
of each histological slide with 200 × magnification (44
pixel = 1 μm) were captured. The sum means of all
areas, of each group were calculated. The mean areas
of eNOS staining for both of the control groups were
similar. The PPVL group showed the largest area of
staining for eNOS. The PPVL + G group had the second
highest amount of staining, but the mean value was
much lower than that of the PPVL group (P < 0.01).
For iNOS, the control (SO) and control + G (SO + G)
groups showed similar areas of staining. The PPVL
group contained the largest area of iNOS staining,
followed by the PPVL + G group; however, this area
was significantly smaller than that of the group that
underwent PH without glutamine (P < 0.01).

INTRODUCTION
Portal hypertension (PH) is a clinical entity defined by
a haemodynamic increased portal pressure gradient,
directly related to the portal blood flow and vascular
[1,2]
resistance . Anatomically, the causes of PH can be
classified as pre-hepatic (portal vein thrombosis or
splenic), intra-hepatic (cirrhosis) and post-hepatic
[3]
(Budd-Chiari syndrome) .
PH triggers disorders of the gastrointestinal tract,
compromising the function of the small intestine.
Gastrointestinal bleeding is present in 80%-90% of
patients with PH due to the progressive dilatation of
[4]
the vessels, which rupture and lead to haemorrhage .
Such a high bleeding rate points to the need to
study the pathophysiology of PH to minimize its
consequences. The partial ligation model of the portal
vein is the model most widely used to study prehepatic PH; it was developed by Sikuler in 1985, and
several experimental studies have shown that, in
animals, partial portal vein ligation (PPVL) produces
abnormalities that are equivalent to those of PH in
[5]
humans .
The development of hyper dynamic circulation can
cause structural changes in the intestinal wall as well
[6]
as spontaneous bacterial infections and sepsis . The
increase in splanchnic vascular resistance and venous
flow leads to congestion in the portal system, causing
[7]
an intermittent intestinal hypo perfusion . Oxidative
stress damages the integrity of the intestinal mucosa
[8,9]
and leads to lipid peroxidation . Likewise, there is
an increased production of nitric oxide (NO) in this
[10]
hyper dynamic state, producing nitrosative stress .
NO is the main mediator of cytotoxic immune cells and
plays a messenger/modulatory role in many important
[11]
biological processes . However, it is highly toxic,
especially in cases of oxidative stress and in situations
[12]
of antioxidant system deficiency . The physiological
and pathophysiological effects of the nitric oxide
isoforms [endothelial nitric oxide synthase (eNOS) and
inducible nitric oxide synthase (iNOS)] are related to
[13]
their concentration levels . When operating at low
concentrations, these isoforms behave as messengers
and cell protection factors (antioxidants), interacting
with transition metals and other free radicals. Under
high concentrations and upon forming dinitrogen
trioxide (N2O3) or peroxynitrite (ONOO), NO behaves
as an active species of nitrogen, responsible for
numerous cytotoxic actions in a framework known
[14]
as nitrosative stress . A high NO concentration was

CONCLUSION
Treatment with glutamine prevents gut mucosal injury
after PH in rats.
Key words: Portal hypertension; endothelial nitric oxide
synthase; Glutamine; Glutathione peroxidase; inducible
nitric oxide synthase; Lipid peroxidation
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Portal hypertension (PH) is characterized by
an increased portal pressure gradient. The progressive
increase in portal pressure leads to the formation of
portosystemic shunts and intestinal hypoxia. Many
enzymes have been implicated in this process, among
them endothelial nitric oxide synthase and inducible
nitric oxide synthase. Some substances, such as
glutamine, have been studied as protective agents
against oxidative stress. In an experimental model
of PH induced by partial portal vein ligation, we have
found that glutamine reduced lipid peroxidation and
preserved intestinal glutathione peroxidase activity,
suggesting a protective role of this amino acid in the
setting of PH.
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25 ℃. Water and feed are given ad libitum.

observed in PH, this increase being intimately related
to the development of hyper dynamic circulation and
[15]
oxidative stress .
To protect against the damage posed by oxidative
stress, we need a system to prevent the formation
of free radicals and neutralize oxidative damage, a
function performed by antioxidants. The enzymatic
system is one of the most important defence systems
because it catalytically removes free radicals and
other reactive species. Superoxide dismutase (SOD),
catalase (CAT) and glutathione peroxidase (GPx) are
some of the most prominent antioxidant enzymes. The
peroxidase GPx enzyme is characteristically located in
[16-18]
the cytosol and mitochondrial matrix
.
Similar to the enzymes involved in removing free
radicals, there are other substances with antioxidant
properties capable of preventing oxidative chain
reactions, such as those involved in lipid peroxidation
(LPO). These substances are known as non-enzymatic
[19,20]
antioxidant defences
.
Glutamine is the most commonly found free amino
acid in plasma, acting on oxygen-free radicals and
playing an important role in attenuating inflammatory
[21]
bowel disease . It is used for hepatic synthesis of urea,
for renal ammoniagenesis and for gluconeogenesis
and also serves as the main respiratory fuel for many
[8]
cell types . Thus, it is vital to the regulation of the
[22]
intracellular oxidative balance .
The progression of different diseases is triggered by
oxidative stress. In PH, it promotes the development
of collateral circulation. Thus, antioxidant therapy
appears to be a promising strategy to minimize the
[15]
complications of PH .
The objectives of this study were to evaluate
the effects of glutamine in rats with pre-hepatic PH
submitted to an experimental model of PPVL, to assess
LPO and determine the activity of the enzyme GTx in
the intestine. Additionally, we aimed to quantify the
expression of the enzymes eNOS and iNOS in the
intestine through immunohistochemistry.

Surgical procedures

After trichotomy, rats were anaesthetized with ketamine
and xylazine solution [45 mg/kg intraperitoneally
(ip)]. After midline laparotomy, the bowel loops
were removed gently and were covered with gauze
moistened with saline, and then, the portal vein was
isolated. A 20G needle was placed on the portal vein
and tied with 3.0 silk sutures. Subsequently, the needle
was gently removed, and the occurrence of portal vein
[5]
thrombosis was noted . Sham-operated (SO) control
animals underwent the same procedures but without
partial ligature of the portal vein. After surgery, the
animals were treated with glutamine or saline solution,
depending on the group. Glutamine was administered
beginning on day 8 after surgery, intraperitoneally,
[12]
at a dosage of 0.75 g/kg for 7 d . Control animals
received vehicle (saline, 0.9% NaCl) in a volume of 0.6
mL intraperitoneally for the same period. At the end
of the experiments, intestinal segments (10 cm) were
removed for histological examination and biochemical
studies.

Experimental groups

Rats were randomly allocated into the following
groups: (1) control group (SO): rats were subjected
to the simulation of surgery and vehicle administration
(NaCl) (n = 6); (2) control + glutamine group (SO +
G): rats were subjected to the simulation of surgery
and glutamine administration (n = 6); (3) PH group
(PPVL): rats were subjected to PPVL and vehicle
administration (NaCl) (n = 6); (4) PPVL + glutamine
group (PPVL + G): rats were subjected to PPVL and
glutamine administration (n = 6).

Assessment of lipid peroxidation

Animal care was performed in compliance with the
normative resolution 04/97 of the Research and
Ethics Committee of the Health Research Group and
Graduate Teaching Hospital of Porto Alegre (Hospital
[23]
de Clínicas de Porto Alegre-HCPA) .

Thiobarbituric acid reactive substances: Tissue
samples were placed in test tubes, and solutions
were added in the following order: 0.75 ml of 10%
trichloroacetic acid (TCA), 0.25 ml of homogenate, 0.5
ml of 0.67% thiobarbituric acid (TBA), and 0.25 ml of
distilled water. Thiobarbituric acid reactive substances
(TBARS) were measured by heating the homogenate
with thiobarbituric acid and then measuring the
consequent formation of a coloured product in a
spectrophotometer at 535 nm. The coloration is due to
the presence of malondialdehyde and other substances
[24]
from biological lipid peroxidation .

Animals

GTx activity

MATERIALS AND METHODS
Ethics

Twenty-four male Wistar rats weighing between 250
and 350 grams, were used from the State Foundation
for Research and Production in Health (FEPPS-RS).
The animals were divided into 4 groups of 6. During
the experiment, the animals were kept in plastic boxes
of 47 cm × 34 cm × 18 cm lined with wood, in a cycle
of 12 h light/dark and temperature between 20 and
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The determination of selenium glutathione peroxidase
was based on the method of Guntzler Flohé and
consisted of measuring the nicotinamide adenine
dinucleotide phosphate dehydrogenase (NADPH)
consumption rate in a system containing total glu
tathione (GSH), wherein the oxidation is recorded
spectrophotometrically at a wavelength of 340 nm. The
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GPx activity can be studied by measuring the NADPH
[25]
consumption rate in a system containing GSH .
This technique consists of determining the activity
of the enzyme spectrophotometrically by measuring
the rate of oxidation of NADPH in a reaction.
To this end, 2.7 ml of phosphate regulating solution
+
+
of Na and K (100 mmol/L, pH 7.0) was placed in a
quartz cuvette with 50 μL of NADPH (10 mmol/L), 150
μL of butylhydroperoxide (BOOH) (10 mmol/L) and 50
μL of glutathione reductase (12 U/ml). The mixture
was read for 1 min and was identified as the baseline,
followed by the addition of 50 μL of GSH (100 mmol/
L) and 50 ml of homogenate. The samples were
incubated at 25 ℃ for 5 min and then absorbance was
read at 340 nm. The activity was expressed in nmol/
[25]
min/mg protein .

Harris haematoxylin for 1 min and were washed with
water until complete removal of the dye, followed by
incubation in a 37-mmol/L ammonia solution for 15 s.
Finally, the slides were dehydrated in absolute ethanol
(four 2-min incubations) and were treated twice with
xylene for 5 min. The slides were then mounted with
[20,26,27]
Entellan synthetic medium (Merck, Germany)
.

Analysis of digital images

We used a digital analysis system composed of a Zeiss
Axioskop 40 microscope (Oberkochen, Germany) with
Neofluar lenses connected by a Roper Scientific video
camera (Media Cybernetics, Rockville, United States)
to a computer with an Image Capture Pro kit (Media
Cybernetics, Rockville, MD, United States) capture
card. Image-Pro Plus version 7.0 (Media Cybernetics,
Rockville, United States) was used to analyse the
digital images. Images were captured in the TIFF
(True Image File Format) format without compression
by the same examiner with the same light intensity
pattern for all photos. Images were captured of at
least fifteen random, non-overlapping fields for each
histological slide at 200 × magnification (44 pixel =
1 μm). The hot spot method was used to select fields
on slides with focal positivity for the markers. Colour
selection was performed interactively by three trained
observers and was then applied to all samples by the
automated digital image analysis system. The initial
area considered was 0.01 cm.

Evaluation of eNOS and iNOS

For the preparation of the slides and subsequent
immunohistochemical analysis, 3-μm-thick sections
were prepared using a microtome (Leica SM 2000R,
Germany). The sections were placed on slides pretreated with HistoGrip (Zymed, United States) and
were left in the oven at 60 ℃ for 24 h.
The sections were then deparaffinized by incu
bation with xylene for 10 min three times, followed
by rehydration with a sequence of decreasing con
centrations of ethanol (absolute, 90%, 80% and 70%)
for 3 min per dilution. Next, the sections were washed
three times in distilled water.
Antigen retrieval was performed by heating in
a pTLINK platform (DAKO) and then treating the
slides for 40 min at 98 ℃ with the Envision Flex high
pH antigen retrieval solution (DAKO). Immediately
thereafter, the slides were washed with PBS buffer at
a pH of 7.2. Endogenous peroxidase was blocked by
incubation in a solution of 3% H2O2 in methanol for
two 15-min intervals, followed by washing three times
with PBS buffer at a pH of 7.2.
The sections were then incubated using a Sequenza
(Thermo Shandon, United States) immunostaining
station, were left for 2 h at room temperature and
then were diluted with the dilution solution (Antibody
Diluent with background reducing components, Dako,
United States) and the following antibodies: Anti-eNOS
(Thermo Scientific, PA3-031A, United States) 1:800,
anti-iNOS (PA5-16855 Thermo Scientific, United
States) 1:800. After incubation with the primary
antibody, the sections were washed three times with
PBS buffer at a pH of 7.2. For the amplification of the
antigen-antibody reaction for anti-eNOS, we used the
HRP Envision Flex System (Dako, United States) in
accordance with the manufacturer's recommendations.
Next, the slides were washed with PBS buffer at a
pH of 7.2 and were incubated with diaminobenzidine
solution (Dako Liquid DAB Substrate Chromogen
System, United States) for 5 min. After washing in
distilled water, the slides were counterstained with
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Statistical analysis

Quantitative data were initially described as the
means and SE. For comparison of the groups, oneway analysis of variance (ANOVA) was used, followed
by the SNK post hoc test (Student-Newman-Keuls).
The level of significance for the experiment was P =
0.05. Data were analysed using SPSS software version
22.0. A biomedical statistician performed the statistical
review.

RESULTS
Evaluation of lipid peroxidation

Oxidative stress, quantified by gut membrane lipid
peroxidation was increased in the group of animals
subjected to PPVL (P < 0.01). On the other hand,
animals that received glutamine for seven days after
the procedure exhibited levels of lipid peroxidation
similar to those of the control groups (animals not
subjected to PPVL and animals receiving glutamine
without PPVL). These levels were also significantly
different from those of the group of animals that was
submitted solely to PPVL (P < 0.01; Figure 1).

GTx activity

The activity of GTx was decreased in the gut of animals
subjected to PPVL compared with that of animals not
subjected to PPVL (P < 0.01; Figure 2). Importantly,
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resembling the area found in the control groups with
and without glutamine. These results were statistically
significant (P < 0.01). These results are shown in
Figures 3 and 4.

P < 0.05

0.5

Evaluation of iNOS

0.4

Figures 5 and 6 show the immunohistochemical
expression of iNOS. The control (SO) and control +
G (SO + G) groups presented with similar areas of
staining (P > 0.05). Regarding eNOS, the PPVL group
also presented the largest stained area. The second
group with a larger staining area was the PPVL + G,
again with values much lower than those of the PPVL
group. These results were also statistically significant (P
< 0.01).
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Figure 3 Immunohistochemical expression of endothelial nitric oxide
synthase. SO: Control group; PPVL: Partial portal vein ligation; G: Glutamine;
eNOS: Endothelial nitric oxide synthase.
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Figure 1 Lipid peroxidation (thiobarbituric acid reactive substances).
TBARS: Thiobarbituric acid reactive substances; SO: Control group; PPVL:
Partial portal vein ligation; G: Glutamine.
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Figure 2 Glutathione peroxidase. SO: Control group; PPVL: Partial portal
vein ligation; G: Glutamine; GPx: Glutathione peroxidase.

DISCUSSION

the group that received glutamine for seven days after
PPVL showed similar GTx activity to that of groups
without PPVL. The difference in GTx activity in animals
subjected to PPVL and in those that received glutamine
after PPVL (P < 0.05), suggests that glutamine is a
protective factor for PH.

[28]

Glutamine promotes intracellular oxidative balance . It
is a precursor of glutathione, one of the most important
non-enzymatic cellular antioxidants, and is the most
abundant free amino acid in plasma, acting on oxygen[29]
free radicals .
Other researchers have used the PPVL model to
[5]
study pre-hepatic PH . Our work demonstrates that
glutamine treatment exerts important protective effects
in pre-hepatic PH in an animal model. We have shown
that after PPVL glutamine: (1) reduced oxidative stress
determined by the lipid peroxidation of the intestinal
mucosa; (2) maintained levels of GTx activity; and (3)
reduced the expression of eNOS and iNOS.
We have observed greater levels of lipid peroxidation
in the group of animals that underwent PPVL. Glutamine
significantly decreased lipid peroxidation in the PPVL
[8]
model. Schimpl et al evaluated pre-hepatic PH with
a model of common bile duct ligation (CBDL). They
evaluated the effects of glutamine and allopurinol on
bacterial translocation in PH and obstructive jaundice.
These authors concluded that, in PH and common
bile duct ligation (CBDL) in rats, there was significant

Evaluation of eNOS

For digital analysis of the images, the program ImagePro Plus version 7.0 (Media Cybernetics, Rockville,
United States) was used. They were captured in the
True Image File Format (TIFF) format, with at least ten
fields, without random overlap, for each histological
slide at 200 × (44 pixel = 1 μm). Slides with focal
positivity for the markers were selected by the hot
spot method. The initial area considered was 0.01 cm.
The sum of the stained areas was calculated for each
group. The control (SO) and control + G (SO + G)
groups presented with similar areas of staining. The
PPVL group presented the largest area. The second
group with larger staining areas was the PPVL + G, but
with values much lower than those of the PPVL group,
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A

B

C

D

Figure 4 Digital images of the immunohistochemical expression of endothelial nitric oxide synthase (photomicrography, × 200). A: SO; B: SO + G; C: PPVL;
D: PPVL + G. SO: Control group; PPVL: Partial portal vein ligation; G: Glutamine.

(SO and SO + G). When glutamine was administered
intraperitoneally to animals submitted to PPVL, there
was a less pronounced reduction if GTx activity
[17]
levels. Rodríguez-Vilarrupla et al
stressed the
importance of antioxidants as enzymatic systems
in PH syndrome. The effects of glutamine on eNOS
[22]
activity were already investigated Marques et al ;
however, these authors have used a model of PH
gastropathy. They have also evaluated the activity of
the nitric oxide (eNOS) by immunohistochemistry. In
their study, lipid peroxidation and NO were significantly
increased in PPVL, but the addition of glutamine has
[22]
attenuated eNOS expression . Oxidative stress was
[31]
also evidenced by Gonzales et al
in a pre-hepatic
PPVL rat model, through an increased concentration
of TBARS. Additionally, these authors have shown a
decrease in the antioxidant enzymes SOD, CAT and
glutathione peroxidase (GTx). Moreover, they studied
the antioxidant role of haem oxygenase-1 (HO-1) and
suggested a beneficial role of HO-1 overexpression.
eNOS favours the decrease of blood pressure
and assists in the inhibition of platelet aggregation.
iNOS forms NO induced by certain cytotoxins, being
[14]
closely related to defensive body processes . In our
study, the PH group (PPVL) showed the largest area
of staining for eNOS. The PPVL + G group had the
second highest amount of stained areas, but with a
mean value much lower than that of the PH group (P
< 0.05). For iNOS, the control (SO) and control + G
(SO + G) groups showed similar areas of staining. The
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Figure 5 Immunohistochemical expression of inducible nitric oxide
synthase. SO: Control group; PPVL: Partial portal vein ligation; G: Glutamine;
iNOS: Inducible nitric oxide synthase.

bacterial translocation, ileal mucosal lipid peroxidation,
and neutrophil derived myeloperoxidase (MPO) activity.
Bacterial translocation, ileal mucosal malondialdehyde
(MDA) concentrations and MPO activities were sig
nificantly reduced by the combined use of allopurinol
and glutamine.
[30]
Huang et al
studied the oxidative stress related
to intrahepatic PH after ligature of the bile duct in
rats. They identified an increase in the MDA levels
in plasma as well as reduced levels of plasma GTx.
We have found reduced levels of GTx activity in
animals submitted to PPVL compared with controls
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Figure 6 Digital images of the immunohistochemical expression of inducible nitric oxide synthase (photomicrography, × 200). A: SO; B: SO + G; C: PPVL; D:
PPVL + G. SO: Control group; PPVL: Partial portal vein ligation; G: Glutamine; iNOS: Inducible nitric oxide synthase.

PH group (PPVL) contained the largest area of iNOS
staining, followed by the PPVL + G group; however,
this area was significantly lower than that of the group
that underwent PH without glutamine (PPVL).
[32]
Jalan et al
tested the hypothesis that ammonia
modulates human hepatic stellate cell activation in
vitro and in vivo, in a BDL model, using l-ornithine
phenylacetate. This substance significantly reduced
the plasmatic levels of ammonia and portal pressure,
[32]
which was associated with increased eNOS activity .
[14]
Iwakiri et al
stated that eNOS and iNOS have
different roles; most commonly, eNOS prevents
the occurrence of disease whereas iNOS favours its
progress.
[33]
Kajita et al
observed that iNOS expression in
vascular resident macrophages contributed to the
circulatory dysfunction of splanchnic vascular smooth
[33]
[34]
muscle contractions in PH rats . Xu et al , in a
study with male Sprague-Dawley rats submitted to
intra-hepatic PH induced by the injection of CCl4, noted
that iNOS contributes to the haemodynamic alterations
[34]
of PH secondary to increased levels of NO .
Oxidative stress is also responsible for hepatic
[35]
encephalopathy. Pilar Carbonero-Aguilar et al ,
suggest that it may be resultant from increased
ammonia concentration in the brain.
[36]
Arias et al , using an experimental model through
the triple portal vein ligation method, demonstrated,
for the first time, a relationship between inflammation,
astrocyte damage and neurons and cerebral metabolic
compromise.
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The use of antioxidants in the prevention or
treatment of various diseases related to oxidative
stress seems to be a viable alternative in the attempt
to minimize or reverse damage. Glutamine was
initially used prophylactically in patients undergoing
radiotherapy, resulting in a decreased incidence
[37]
and decreased severity of actinic enteritis . This
substance was most extensively investigated in
relation to the oxidative stress caused by exercise.
[38]
Cruzat et al
showed that, in exhaustive exercise,
there is a significant reduction in serum glutamine.
This decrease is accompanied by a significant increase
in the inflammatory activity and oxidative stress
levels measured by the lipid peroxidation rate. Glu
tamine has also been beneficial as a nutritional
supplement in severely debilitated patients, such as
those with multiple trauma or in those undergoing
[39,40]
major surgery
. Antioxidant therapy improves the
prognosis and reduces the overall complication rates
[41]
[42]
in debilitated patients . Tang et al
utilized TPN
containing glutamine and recombinant human growth
hormone in the postoperative care of patients after
PH surgery. They found that this supplementation
enhanced immune function, modulated the infla
mmatory response, and prevented the intestinal
membrane atrophy.
This is the first publication describing the role of
glutamine in the intestinal oxidative stress in an animal
model of PPVL.
In conclusion, the present study demonstrates
that intraperitoneally administration of glutamine
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nitric oxide, which is a mediator of cytotoxic immune cells that have messenger/
modulator roles in many important biological processes.

at a dose of 0.75 g/kg during 7 d, starting on the
th
8 postoperative day after PPVL, prevented lipid
peroxidation and maintained GTx levels. The expression
of eNOS and iNOS were reduced upon intraperitoneal
glutamine during the 7 d after PPVL in rats. Our
work confirms the findings of previously published
experimental research on glutamine as a protective
factor in murine models of PH. Additional research
is necessary to ascertain the benefits of glutamine
as protective element against intestinal disorders
secondary to PH in humans.

Peer-review

It is a well-writen paper. The current work evaluates the protective effects of
glutamine in a model of PH induced by PPVL.
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with chronic hepatitis C genotype 1 and who were nonresponders to two or more treatments over a period
of two decades. The number of mutations in the HCV
NS5A region was identified as an independent predictor
of a sustained virological response regardless of the
interferon-containing regimen or direct-acting antiviralcontaining interferon-free protocol applied.
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Abstract
AIM
To determine the number of mutations in the NS5A
region of the hepatitis C virus (HCV) and its relationship
to the response to antiviral therapy in patients with
chronic hepatitis C genotype 1 who are non-responders
to two or more treatments.

Muñoz de Rueda P, Fuentes Rodríguez JM, Quiles Pérez R, Gila
Medina A, Martín Álvarez AB, Casado Ruíz J, Ruíz Extremera
Á, Salmerón J. Hepatitis C virus NS5A region mutation in
chronic hepatitis C genotype 1 patients who are non-responders
to two or more treatments and its relationship with response to a
new treatment. World J Gastroenterol 2017; 23(25): 4538-4547
Available from: URL: http://www.wjgnet.com/1007-9327/full/v23/
i25/4538.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i25.4538

METHODS
Sequences within HCV NS5A [PKR binding domain
(PKRBD) and the interferon-sensitivity-determining
region (ISDR)] were analysed via direct sequencing
in a selected cohort of 72 patients, with a total of 201
treatments [interferon-alpha (IFN-α), n = 49; IFN-α +
ribavirin (RBV), n = 75; pegylated (peg) IFN-α + RBV,
n = 47; first-generation direct-acting antivirals (DAAs),
n = 13; and second-generation DAAs, n = 17]. Of
these, 48/201 achieved a sustained virological response
(SVR) and 153/201 achieved no virological response
(NVR).

INTRODUCTION
The hepatitis C virus (HCV) is a globally prevalent
human pathogen. This infection currently affects more
than 170 million people worldwide, corresponding to
[1]
approximately 3% of the world’s population , and
[2]
the prevalence has increased by 2.3% since 1990 .
HCV leads to chronic liver conditions, such as hepatitis,
[3-6]
cirrhosis and hepatocellular carcinoma . HCV encodes
its own RNA-dependent RNA polymerase, which
lacks 3’-to-5’ exonuclease proofreading activity; as a
result, the HCV genome is constantly mutating. The
combination of a high HCV replication rate, the low
fidelity of its RNA polymerase and selective pressures
from the immune system and drug treatments have led
[7,8]
to the development of highly diverse viral sequences .
These high mutation rates, together with a restricted
genome dimension and large population size, provide
the perfect conditions for rapid evolution to occur.
This genetic diversity plays an important role in the
virus’s ability to evade the selective pressures exerted
by immune responses and antiviral therapies, which
[9]
is the main cause of the therapy-related problems .
In addition, the different HCV genotypes show different
treatment responses, and these determine the treat
ment strategy and patient outcome. Until 2011, the
standard treatment for chronic hepatitis C (CHC) was
based on interferon-alpha (IFN-α), but in recent years,
new direct-acting antivirals (DAAs) that specifically
target essential viral functions have been introduced
into treatment regimens for HCV genotype 1 infections,
in combination with IFN-based therapies and, sub
sequently, with IFN-free regimens.
The sustained virological response (SVR) rates to
the different treatments for patients with CHC genotype
1 (CHC-1) range from 5%-20%, 40%-45%, 50% and
> 90% for IFN-α, IFN-α + ribavirin (RBV), pegylated
[10-17]
(peg)-IFN + RBV and DAAs, respectively
. The
high degree of genetic diversity of HCV and the various
mutations at different positions in the genes for the

RESULTS
For both regions, treatments resulting in SVR were
associated with more baseline mutations than were
treatments resulting in NVR (SVR vs NVR; PKRBD: 5.82
± 3 vs 4.86 ± 2 mutations, p = 0.045; ISDR: 2.65 ±
2 vs 1.51 ± 1.7 mutations, P = 0.005). A decrease
or no change in the number of mutations over time
between treatments in the PKRBD or ISDR, as shown
by sequencing, was associated with patients who
usually failed to respond to treatment (PKRBD, P =
0.02; ISDR, P = 0.001). Moreover, patients showing a
post-treatment baseline viral load > 600000 IU/mL and
increased ISDR mutations with respect to the previous
treatment were 9.21 times more likely to achieve SVR (P
= 0.001).
CONCLUSION
The obtained results show that among patients who
have shown no response to two or more antiviral
treatments, the likelihood of achieving SVR increases
with the genetic variability in the ISDR region (≥ 2
mutations or number of substitutions from the HCV-J
and HCV-1 prototype), especially when the viral load is
greater than 600000 IU/mL.
Key words: Interferon-based therapy; Interferon-free
therapy; Chronic hepatitis C; NS5A region; Sustained
virological response; Number of mutations
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To the best of our knowledge, this study is the
first to evaluate the change in the number of mutations
of the hepatitis C virus (HCV) NS5A region in patients
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680 patients with 941 treatments

Historical cohort
(1991-2015)

108 genotype non1/non4 patients

Total cohort
Partial cohort patient with a stored blood sample

94 unknown genotype patients

478 genotype 1/4
patients

139 with ≥ 2 treatments patients
(375 treatments total)

339 only one treatment patients

155 SVR patients

129 NVR
patients

55 patients who don't
finish treatment

Study cohort

71 SVR treatments

252 NVR
treatments

52 treatments to
stop or leave

Patients with a stored blood sample

72 patients

=

201 treatments

49 IFN-α treatments
Type of treatments

75 IFN-α + RBV treatments
47 peg-IFN-α + RBV treatments
1

13 DAAs 1 treatments
2

17 DAAs 2 treatments

48 SVR treatment
48 patients
achieved SVR

24 patients
achieved NVR

72 first NVR
treatments

129 retreatments
81 NVR treatment
153 NVR treatments

Figure 1 Historical and study chronic hepatitis C patient cohort from 1991 to 2015 in the San Cecilio University Hospital. 1First-generation DAAs (n =
13): peg-IFN-α + RBV + telaprevir (n = 7) and peg-IFN-α + RBV + boceprevir (n = 6); 2Second-generation DAAs (n = 17): peg-IFN-α + RBV + simeprevir (n = 2),
simeprevir + sofosbuvir + RBV (n = 2), simeprevir + sofosbuvir (n = 1), sofosbuvir + daclatasvir (n = 1), ledipasvir + sofosbuvir + RBV (n = 4), ledipasvir + sofosbuvir (n
= 4) and ombitasvir/paritaprevir/ritonavir + dasabuvir (n = 3). DAAs: Direct-acting antivirals NVR: No virological response; IFN: Interferon; peg-IFN + RBV: Pegylatedinterferon + ribavirin; RBV: Ribavirin; SVR: Sustained virological response.

NS3 protease, NS5B polymerase and NS5A protein
may be associated with viral sensitivity or resistance
to IFN-based therapy and IFN-free therapy. Several
studies have highlighted the influence of sequence
heterogeneity within particular regions of the HCV
genome, such as the core, E2, NS3 and NS5A regions,
on the outcome of IFN-based therapy.
Of these regions, the one coding for NS5A has been
the most extensively studied, due to its relationship
with IFN responsiveness. This multifunctional phospho
protein modulates HCV replication, which is mediated
through interactions with other viral proteins and certain
host proteins to form the HCV replication complex and
regulate host cell functions, including responses to
[18]
IFN and viral pathogenesis . Several studies have
associated an increase in the number of mutations in
this region compared to the number in the HCV-J sub
type 1b prototype with a better response to antiviral
[19-25]
therapy
.
In this study, we analysed HCV genetic diversity
in the NS5A region in a cohort of 72 CHC-1 patients
who were non-responders to their first treatment and
the relationship between this diversity and subsequent

WJG|www.wjgnet.com

treatment outcomes (2 to 8 consecutive treatments).
These patients were treated with several different
therapies over the course of more than two decades,
and the analysis was conducted on archived serum
samples that were obtained before each retreatment.

MATERIALS AND METHODS
Patients

A retrospective study of a prospective cohort was
conducted at San Cecilio University Hospital (Granada,
Spain) from 1991 until 2015 (Figure 1). A total of 680
patients with CHC were treated with 941 anti-HCV
treatments (historical cohort). Of these patients, 478
had genotype 1/4 HCV, of whom 139 received two or
more anti-HCV treatments. A total of 375 treatments
were applied. The study cohort was selected by applying
the following inclusion criteria: patients with genotype
1/4 HCV, two or more anti-HCV treatments, and blood
samples stored at -80 ℃. A total of 72 patients with
stored blood samples, having received a total of 201
treatments, were included in the study (Study cohort;
Figure 1).
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Table 1 NS5A primers used in the current study
Application

Direction

Sequence

First PCR
RT and first PCR
Second PCR

Sense
Antisense
Sense
Antisense

5´-ACAACTCCCATGCGAGCCCGAGCCGGA-3´
5´-GAGGGGGAGCCGGGGGATCCCGATCTC-3´
5´-TGCTCACCGACCCATCCCACATTACAGCAGA-3´
5´-ATGCCCCCTCTCGAGGGGGAGCCGGG-3´

A total of 48/72 patients (66.7%) achieved SVR
after several treatments. Of the 201 treatments, 153
resulted in no virological response (NVR), and 48
led to SVR. The outcomes of treatments resulting in
NVR were defined as follows: relapse (R), treatment
with serum HCV RNA undetectable in patients at 12
wk but detectable subsequently; partial virological
response (pVR), treatment with a low viral load > 2log
in patients at 12 wk; null response (NR), treatment
with a low viral load < 2log in patients at 12 wk; and,
unknown, i.e., treatments for patients whose reason
for NR was not stated in their medical history.
The study protocol conformed to the ethical guide
lines of the 1975 Helsinki Declaration, and all patients
involved in the study were informed verbally and in
writing of the characteristics of the study and provided
their consent to participate by signing an informed
consent form. This study was approved by the Ethics
Committee of the San Cecilio University Hospital.

round PCR was performed under the same conditions.
The sequences of the amplified fragments were
determined via direct sequencing. The second-round
PCR product was purified using the Wizard SV Gel
and the PCR Clean-Up System (Promega, Promega
Biotech Ibérica, Madrid, Spain) and resuspended in 20
µL of water. Next, 2-5 µL of purified PCR product was
sequenced in a 3130 XL Genetic Analyzer automatic
sequencer (Applied Biosystems, Foster City, CA, United
States).

Sequence analysis

All of the nucleotide sequences obtained in the present
study were aligned. To detect amino acid substitutions,
sequences were aligned with reference strands, HCV-J
(GenBank accession number D90208) for genotype 1b
and HCV-1 (GenBank accession number M62321) for
genotype 1a, and translated into amino acid sequences
with Mega 5.0 software (Molecular Evolutionary Genetics
[26]
Analysis) .

RT-PCR and direct sequencing

Statistical analysis

HCV genomes were analysed in serum samples obtained
before the patients were subjected to treatments
involving different antiviral therapies. The sequences of
viruses from baseline serum samples associated with
201 treatments were amplified; samples that failed
long RT-PCR amplification were excluded (n = 16).
The amplified HCV genome region corresponded to a
fragment from gene NS5A (nucleotides 6966 to 7164
in the reference HCV genome sequence, GenBank
accession number AF009606), including the PKR
binding domain (PKRBD) and the interferon-sensitivitydetermining region (ISDR). These regions include
structural motifs related to antiviral treatment.
Viral RNA was extracted from 300 µL of serum
using the PrepitoViral DNA/RNA 300 Kit (Chemagen
Technologie, PerkinElmer, Madrid, Spain). Two micro
litres of the RNA solution were subjected to reverse
transcription using a qScript Flex cDNA Synthesis Kit
(Quanta Biosciences, Gaithersburg, MD, United States).
PKRBD sequences were amplified via RT-PCR using
SYBR Green Supermix Low ROX (Quanta Biosciences).
The primers used for reverse transcription and first
and second round amplifications of the NS5A region (nt
6966-7164) are shown in Table 1.
RT was performed at 45 ℃ for 30 min and ter
minated at 85 ℃ for 5 min, followed by the firstround PCR over 35 cycles, with each cycle consisting
of denaturation at 95 ℃ for 30 s, annealing at 55 ℃
for 30 s and extension at 72 ℃ for 70 s. The second-
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Quantitative variables are expressed as the means
± sd, and qualitative variables are expressed as
2
absolute values with percentages. The χ test was used
for qualitative variables. Comparisons of continuous
variables with a non-normal distribution were performed
using the Mann-Whitney U test or Kruskal-Wallis test.
The degree of association between dependent and
independent variables was determined by calculating
the crude odds ratio and its 95%CI (bivariate analysis).
Interaction studies were performed using logistic
regression. Synergy studies were conducted in accor
[27]
dance with the method of Andersson et al . The
criterion for statistical significance was P ≤ 0.05. All
statistical analyses were performed using SPSS 15.0
for Windows software (SPSS Inc, Chicago, IL, United
States).

RESULTS
Anti-HCV treatments and responses in the study cohort

The characteristics of the historical cohort (n = 680
patients) are shown in Table S1. After application of
the inclusion criteria, 72 patients were selected [45/72
(63.5%) were men], with a total of 201 treatments
(72 first treatments and 129 retreatments; Figure 1).
The number of treatments received was distributed as
follows: 2 treatments (n = 35, 48.6%), 3 treatments
(n = 24, 33.3%), 4 treatments (n = 9, 12.5%), 5
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Table 2 Influence of the type of previous response on the
sustained virological response to a subsequent treatment n (%)
Previous response
Relapse
Partial response viral
Null response

NVR,

SVR,

n = 46

n = 32

7 (30)
7 (64)
32 (73)

16 (70)
4 (36)
12 (27)

Table 3 Type of response according to the type of treatment
received n (%)

OR (95%CI) P value
6.09 (2.0-18.4)
1.5 (0.3-6.1)
1

0.006
n.s.

IFN
IFN + RBV
pegIFN + RBV
DAAs

This analysis excluded previous treatments for which the reason for nonresponse was unknown (n = 51). NVR: no virological response; SVR:
sustained virological response.

NVR,

16 (12)
40 (31)
43 (34)
30 (23)

14 (88)
27 (68)
32 (74)
8 (27)

n = 48

SVR,

OR
(95%CI)

2 (12)
13 (32)
11 (26)
22 (73)

0.05 (0.01-0.3)
0.2 (0.06-0.5)
0.12 (0.04-0.4)
1

P value
0.001
0.001
0.00

This analysis excluded the first 72 treatments, which presented statistical
bias, because one of the inclusion criteria was that these should be nonresponders. DAAs: direct-acting antivirals; IFN: interferon; NVR: no
virological response; RBV: ribavirin; SVR: sustained virological response.

treatments (n = 3, 4.2%) or 8 treatments (n = 1, 1.4%).
The following anti-HCV therapies were provided: IFN-α
alone (24%, n = 49), IFN-α + RBV (37%, n = 75),
peg-IFN-α + RBV (23%, n = 47) and DAAs (16%, n =
30) (including first-generation DAAs: peg-IFN-α + RBV
+ telaprevir 24% and peg-IFN-α + RBV + boceprevir,
20%; and second-generation DAAs: peg-IFN-α + RBV
+ simeprevir, 7%; simeprevir + sofosbuvir + RBV, 7%;
simeprevir + sofosbuvir, 3%; sofosbuvir + daclatasvir,
3%; ledipasvir + sofosbuvir + RBV, 13%; ledipasvir +
sofosbuvir, 13% and ombitasvir/paritaprevir/ritonavir
+ dasabuvir, 10%).
One patient was treated with eight different
therapies (one treatment with IFN-α (Wellferon; the
Wellcome Foundation Ltd, part of GlaxoSmithKline
PLC, Brentford, United Kingdom), three with IFN-α +
RBV, two with peg-IFN-α + RBV, one with peg-IFN-α +
RBV + telaprevir and one with simeprevir + sofosbuvir
+ RBV) and finally achieved SVR. Of the 72 patients,
66.7% (n = 48) achieved SVR, while 33.3% (n = 24)
did not respond to any of the treatments received.
In the latter scenario, the clinical decision in almost
all cases was not to perform a retreatment until a
new treatment became available. Regarding the 201
total treatments in our cohort, 24% (48 treatments)
achieved SVR, while 76% (153 treatments) showed
NVR. The types of NVR in the 153 treatments were
as follows: R, 21% (n = 32); pVR, 8% (n = 13); NR,
34% (n = 52); and unknown 37% (n = 56).
We then analysed how the prior type of SVR or
NVR affected subsequent treatment responses (Table
2), and we found that previously treated patients
showing R were 6.09 times more likely to respond to a
new treatment than were patients with a previous NR
(P = 0.006). In our study cohort, we also analysed the
response achieved according to the type of therapy
employed (Table 3). As expected, retreatments based
on therapies introduced before the use of DAAs were
significantly less likely to achieve SVR than were those
based on DAAs.
When we distinguished between first- and secondgeneration DAA treatments, as expected, logistic
regression analysis showed that first-generation DAA
treatments were significantly less likely to achieve
SVR than second-generation DAA treatments (OR =
0.16, 95%CI: 0.026-0.97, P = 0.04). Regarding this
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Total,

n = 129 n = 81

analysis, it should be noted that the patients recruited
from the historical cohort who responded to the
initial treatment (treatment-naïve patients) were not
included in the study cohort, which accounts for the
low rates of SVR observed in the study. To avoid bias
in the analysis, the first 72 treatments were removed
from the analysis as these all involved NVR according
to the application of the inclusion criteria, regardless of
the treatment received.
The change from one type of therapy to another
in retreatments increased the probability of achieving
SVR. In our cohort, of the total of 129 retreatments, 82
were based on a change to a more effective therapy,
while 47 involved no change in therapy. In neither
case was the difference in responses statistically
significant (data not shown). It should be noted that
the 2 patients who did not respond to treatment with
second-generation DAAs (relapsers) previously showed
NVR to treatment with first-generation DAAs.

Evolution of the genetic variability of the HCV NS5A
region (PKRBD and ISDR) in the cohort study

The genetic evolution of the HCV NS5A-PKRBD and
NS5A-ISDR regions in the course of the different treat
ments received was investigated using 201 baseline
samples from each treatment, of which 16 were sub
sequently excluded due to non-amplification (total
sample, n = 185). Figure 2 shows the number of
mutations found in each region for the 185 amplified
samples. The mean number of mutations in the PKRBD
region (min-max = 1-15) compared to the number in
the reference sequence HCV-J and HCV-1 was 5.19 ±
2.6; in the ISDR (min-max = 0-10), this number was
1.85 ± 2.1.
With respect to the association between the number
of mutations and the response to antiviral treatment,
the treatments that resulted in SVR were associated
with significantly more baseline mutations in both
regions than were the treatments resulting in NVR (SVR
vs NVR; PKRBD: 5.82 ± 3 vs 4.86 ± 2 mutations, p =
0.045; ISDR: 2.65 ± 2 vs 1.51 ± 1.7 mutations, P =
0.005). When we distinguished patient outcomes by
type of NVR (R, pVR, NR), significant differences were
found in the ISDR region (P = 0.029; Table 4), with R
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Table 4 Number of mutations, according to the response to antiviral treatment
Treatments according to response, n = 134
PKRBD mutations
ISDR mutations

SVR, n = 46

R, n = 29

pVR, n = 10

NR, n = 49

P value1

5.82 ± 3.06
2.65 ± 2.5

5.1 ± 2.3
1.38 ± 1.82

4.9 ± 1.8
1.5 ± 1.3

5.12 ± 2.2
1.6 ± 1.7

n.s.
0.029

1

Kruskal-Wallis; 2SVR vs R: P = 0.025, Mann-Whitney U. This analysis excluded treatments for which the NVR type was unknown and samples that were
not amplified (n = 134). NR: null responders; NVR: no virological response; pVR: partial virological response; SVR: sustained virological response;
PKRBD: PKR binding domain; ISDR: Interferon-sensitivity-determining region.

Table 5 Variation in the viral population of the PKR binding domain and interferon-sensitivity-determining region regions of NS5A
over time and its relationship with the response to treatment n (%)
PKRBD (n = 119)

NVR, n = 74 SVR, n = 45 P value

Mutations increase by ≥ 2, n = 24
No such increase2, n = 95

10 (42)
64 (67)

14 (58)
31 (33)

1

ISDR, n = 122

NVR, n = 77 SVR, n = 45 P value

Mutations increase by ≥ 2, n = 22
No such increase2, n = 100

0.02

7 (32)
70 (70)

15 (68)
30 (30)

1

0.001

χ test. 2Genetic variability increases when the number of mutations increases by 2 or more (22, 23, 30), while the viral population does not vary if the
number of mutations remains unchanged, increases by only 1, or decreases. NVR: no virological response; SVR: sustained virological response; PKRBD:
PKR binding domain; ISDR: Interferon-sensitivity-determining region.
1 2

No. of treatments

50

B

59

60
50

40

34

30
20
12
10
0

10
5

0

60
50

50
No. of treatments

A

1

2

3

4

5

6
6

5
7

3
9

40

10

31
19

20
10

1

31

30

0

4
1

11 10

8

2

No. of mutations ISDR

3

4

5

6

7

8

8

9

4

2

2

1

3

10 11 12 13 15

No. of mutations PKRBD

Figure 2 Number of baseline mutations by type of treatment in the interferon-sensitivity-determining region (A) and PKR binding domain (B) of NS5A.
PKRBD: PKR binding domain; ISDR: Interferon-sensitivity-determining region.

patients presenting fewer mutations than SVR patients
(P = 0.025). In the ISDR region, and applying the
[19]
criteria recommended by Enomoto et al , we found
that treatments associated with 4 or more mutations
in the baseline sample showed an SVR rate of 65%,
compared to 31% for those associated with 0-3
baseline mutations (P = 0.002; Figure 3).
With respect to changes in the viral population
during the time between one treatment and another
and its relationship with the response to antiviral
therapy, our analysis shows that when there was no
change in the number of mutations both in the PKRBD
and in the ISDR, or when this number decreased,
between one treatment and another, the patient tended
to be unresponsive to antiviral therapy (PKRBD, P =
0.02; ISDR, P = 0.001) (Table 5). From a clinical
standpoint, we studied the viral variability of the ISDR
region of the HCV between one treatment and another
to determine how this variability was associated with
the response or non-response to antiviral therapies
(i.e., its use as a diagnostic test), and the following
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diagnostic values were obtained: 33% sensitivity, 90%
specificity, 68% positive predictive value and 70%
negative predictive value.

Interaction between baseline viral load and mutations in
the ISDR region

Viral load is another variable that can be considered
a predictor of the treatment response. In our cohort
study, logistic regression analysis showed that treat
ments for patients with a baseline viral load ≤ 600000
IU/mL were 3.3 times more likely to result in SVR
(OR = 3.3, 95%CI: 1.4-7.7, P = 0.005). However, the
analysis also showed that the variation in response
according to baseline viral load was influenced by
the change in the number of mutations between one
treatment and another (Figure 4). Thus, when the
treatments were associated with a low baseline viral
load (≤ 600000 IU/mL), a response was usually
achieved, whereas for treatments associated with a
baseline viral load > 600000 IU/mL, depending on the
genetic variability of the virus, a response may or may
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A

Table 6 Interaction between baseline viral load and the viral
variability of the interferon-sensitivity-determining region

Decrease or no increase
in mutations
≥ 2 increase in mutations

Viral > 600000
IU/mL

Viral ≤ 600000
IU/mL

1

1

OR = 9.21 (2.5-33.3)
P = 0.001

80
60

65

64

57
43

36

40
20
0

≥ 4 mutations

P = 0.002

80

Increases 2 mutations

100
80
35

31

40

NVR

0

Figure 3 Relationship between sustained virological response and
number of baseline mutations in the interferon-sensitivity-determining
region of NS5A. The number of baseline mutations in the interferon-sensitivitydetermining region is based on the criteria of Enomoto et al[19]. Comparisons
between groups were made using χ 2 tests. SVR: Sustained virological
response; NVR: No virological response.

29
21

Increases 2 mutations

Non increases 2 mutations

Figure 4 Interaction between baseline viral load and viral variability in the
interferon-sensitivity-determining region. a: Viral load ≤ 600000 IU/mL; B:
Viral load > 600000 IU/mL. Comparisons between groups were made with the
2
χ test. SVR: Sustained virological response; NVR: No virological response.

proved to be a breakthrough in the treatment of
HCV-1, achieving SVR rates of 90%-95% in naïve and
[16,17]
retreated patients
. In addition to the incorporation
of new antiviral molecules, a greater understanding
of the viral and host factors involved in treatment
outcomes has contributed to therapeutic advances.
With respect to viral factors, numerous studies have
reported a correlation between heterogeneity of the
[19-25]
NS5A region of HCV-1 and treatment outcomes
.
[19]
In 1995, Enomoto et al
demonstrated the
clinical influence of NS5A sequence heterogeneity on
responses to IFN treatment. These authors identified
what they termed the IFN sensitivity-determining
region (ISDR), located within the PKRBD region of the
NS5A of HCV-1b, and found that Japanese patients
presenting four or more mutations in the ISDR (ISDR
≥ 4) relative to the sequence of the HCV-1b proto
type (HCV-J) successfully responded to IFN therapy,
whereas patients with three or fewer mutations (ISDR
≤ 3) were non-responders. Subsequently, Pascu
[21]
et al
confirmed the importance of the ISDR in
determining IFN treatment outcome in European and
Japanese patients infected with HCV-1b and treated
with IFN monotherapy. For peg-IFN + RBV therapy, the
predictive value of the ISDR remained significant, but
the criterion of ISDR ≥ 4 to predict SVR was replaced
[28-30]
by ISDR ≥ 2
due to the selective impact of IFN
monotherapy, whereby the prevalence of sensitive
isolates with ISDR ≥ 4 decreased and that of HCV
isolates of ISDR ≤ 3 increased. Therefore, the isolates

not be achieved; when the number of mutations had
increased since the previous treatment, there was a
71% probability of SVR (P ≤ 0.0001).
Using logistic regression, we then sought to corro
borate these results for the interaction between the
two variables (P = 0.023) (Table 6). Treatments in
which the patient had a baseline viral load of > 600000
IU/mL were 9.21 times more likely to achieve SVR if
there had been an increase in the number of mutations
in the ISDR region since the earlier treatment (P =
0.001). However, in those treatments in which the
patient’s baseline viral load was < 600000 IU/mL, the
increase in the number of mutations did not affect
the response (P = 0.75) (Table 6). No synergy was
detected between the two variables [relative excess
risk due to interaction (RERI) = -6.052; proportion
attributable to the interaction (PA) = -0.74; synergy
index, S = 0.54].

DISCUSSION
IFN-based therapies have been used for the treatment
of CHC for more than two decades. Since 2011, the
incorporation of first-generation DAAs (boceprevir
and telaprevir) into the standard treatment with
pegIFN-α + RBV and, currently, the IFN-free therapies
using various combinations of second-generation
DAAs (simeprevir, sofosbuvir, daclatasvir, ledipasvir,
ombitasvir/paritaprevir/ritonavir and dasabuvir) has
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NVR
79

71

20
SVR

SVR

P = 0.000

60

20

0

Non increases 2 mutations

B

69

60

40

NVR

n.s.

OR = 0.76 (0.13-4.3)
P = 0.75

0-3 mutations

SVR

100
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with ISDR ≥ 2 were selected as sensitive isolates and
those with ISDR ≤ 1 as resistant isolates for peg-IFN
[22,23,30]
plus RBV therapy
. On the basis of these criteria,
we assumed an increased genetic variability in the
majority HCV sequence when the number of ISDR
mutations was ≥ 2 throughout this study.
This paper describes a retrospective study of
a selected cohort of 72 patients with CHC-1 who
received two or more antiviral treatments (specifically,
2-8 treatments). Thus, it represents a study of HCV
evolution in response to retreatments conducted over
the course of two decades (1991-2015) for a group of
patients for whom clinical treatment was problematic
and who had achieved very low response rates. No
previous studies with these particular characteristics
have been performed. As expected, our results show
that patients who relapsed following a previous
treatment were more likely to respond to retreatment
[31]
than were null responders . Moreover, treatments
with second-generation DAAs achieved a much
higher response rate than previous IFN-based treat
ments (including first-generation DAAs), both in naïve
patients and in difficult-to-treat patients who were
[16,17]
retreated
.
The results of our analysis of the number of
mutations in the NS5A region corroborate previous
findings that a higher number of mutations in the
PKRBD and ISDR in the majority HCV sequence is
associated with a greater probability that SVR will be
[19-25]
achieved
. However, when we differentiated NVR
treatment outcomes into R, NR and pVR, the number
of mutations in the PKRBD lost statistical significance
(although this was not the case in the ISDR). The
R patients showed fewer mutations than the SVR
[32,33]
patients, as is to be expected in NR patients
.
Previous studies of the number of mutations also
[33]
analysed the influence of quasispecies. Sakuma et al
demonstrated that during treatment with IFN-α, NR
patients show greater numbers of minority quasispecies
that present the smallest number of mutations in the
ISDR region (non-mutant or wild-type quasispecies),
while SVR patients have increased numbers of
quasispecies with ≥ 3 ISDR mutations prior to treat
ment. These data are corroborated by other studies,
which show that R patients have viruses with a greater
number of mutations in the ISDR than do NR patients,
[32]
both before and after antiviral treatment . By contrast,
no studies have reported how the genetic variability
of the HCV evolves in patients who undergo various
treatments over a period of two decades, as in the
present study.
It should be noted that we did not perform a
study of quasispecies but rather of the evolution of
the genetic variation of the majority ISDR sequence
in patients subjected to two or more treatments over
time. Taking into account the findings of previous
[22,23,30]
studies
, we assumed that viral variability would
increase when the PKRBD and ISDR regions presented
≥ 2 mutations. Thus, our results show that patients

WJG|www.wjgnet.com

who have undergone different treatments and who do
not present viruses with genetic variability (either no
increase or a return to the wild-type sequence) tend
not to respond to a new treatment, regardless of its
overall effectiveness.
[34]
In a similar study, Watanabe et al
analysed a
44-year-old patient with CHC-1 and a high baseline
viral load who received two IFN-α treatments and was
NR in each case. Between the first and the second
treatment, the patient’s baseline viral load decreased,
and the number of ISDR mutations increased from one
to six. At this stage, a new treatment was performed,
and a rapid virological response was achieved. In view
of these results, the authors concluded that retreat
ment should be considered for NR and R patients when
the viral load falls and when the number of mutations
in ISDR increases, as the chances of achieving SVR
would then be higher.
In our cohort study, we found similar results in a
patient who had undergone eight different treatments
over a period of 22 years; on five occasions, he showed
NR, on one a R, on one a breakthrough and then
showed SVR after the final treatment. During the time
elapsed between the first and second treatments, the
number of mutations in the PKRBD region decreased by
four, while in the ISDR region, the number remained
unchanged. In both cases, the number of mutations
remained unchanged for 19 years, at which point they
increased in both regions, and SVR then was achieved.
[35]
Conversely, Ibarrola et al
analysed 62 patients,
42 of whom showed NR and 20 a R in response to
previous treatments with IFN-α, who were then
retreated with IFN-α + RBV. In 38 of these patients, an
analysis was performed on the relationship between
the mutations in the ISDR region before treatment
and the SVR achieved. There was no correlation
between the presence of mutations in and around the
ISDR region and the response to the new treatment,
although the number of patients was rather low for a
reliable evaluation of these results. In addition to the
predictive response value of the genetic variability in
the PKRBD and ISDR regions, which has been amply
[19-25]
demonstrated
, many other factors also influence
[36]
the response, one of which is the baseline viral load .
According to previous research, ISDR sequences
with ≥ 4 mutations are correlated with a low viral
[20,37,38]
[30]
load
, although Nakagawa et al
found that
more patients had ≥ 2 ISDR mutations and higher
virus loads. Logistic regression analysis showed that
both factors were independent variables to predict
SVR, although the number of mutations within the
ISDR was associated with a higher OR and was a
predictive factor associated with SVR by multivariate
[30]
analysis . Our results indicate that patients with
CHC-1, subjected to retreatment and with a high
baseline viral load (≥ 600000 IU/mL) and who are
classified as difficult to treat because of the low
response rate obtained, will respond to new treatment
depending on the evolution of viral genetic variability.
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Thus, if there is no change in the majority sequence of
the viral population despite the application of different
types of HCV treatment or if it tends to revert to the
original status or to a wild-type sequence, the patient
will not respond. Conversely, if there is an increase
in the genetic variability of the ISDR region, despite
the presence of a high viral load, the patient will have
a greater likelihood of achieving SVR with a new
treatment.
In conclusion, when the evolution of genetic vari
ability in the ISDR region of HCV increases in patients
with CHC-1 who have received two or more antiviral
treatments and who have a high viral load, there
is a greater probability of these patients achieving
SVR with a new treatment. The present study shows
that the genetic diversity of the HCV genome during
decades of infection continues to be an independent
predictor of SVR regardless of the treatment applied.
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AIM
To characterize the gut bacterial microbiota of patients
with primary sclerosing cholangitis (PSC) and ulcerative
colitis (UC).
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METHODS
Stool samples were collected and relevant clinical
data obtained from 106 study participants, 43 PSC
patients with (n = 32) or without (n = 11) concomitant
inflammatory bowel disease, 32 UC patients, and 31
healthy controls. The V3 and V4 regions of the 16S
ribosomal RNA gene were sequenced on Illumina MiSeq
platform to cover low taxonomic levels. Data were
further processed in QIIME employing MaAsLin and
LEfSe tools for analysis of the output data.

23(25): 4548-4558 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i25/4548.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i25.4548

INTRODUCTION
Primary sclerosing cholangitis (PSC) is a chronic
liver disorder of unknown etiology, characterized by
[1,2]
inflammation and stenosis of the bile ducts . The
disease may progress to severe liver fibrosis and
subsequent liver cirrhosis, and may eventually lead to
[3]
liver failure and death . Orthotopic liver transplantation
(OLT) is the only currently available effective treatment
[4]
for end-stage liver disease . Inflammatory bowel
disease (IBD) is present in 60% to 80% of patients with
[5]
PSC . Concomitant colonic disease is often classified
[6]
as ulcerative colitis (UC) , but is also considered to be
[7]
a distinct phenotype and referred to as “PSC-IBD” .
The involvement of gut bacteria in IBD is widely
accepted, but the etiology and pathogenesis of IBD is
still not fully understood. It is generally assumed that
the inflammation results from an aberrant immune
response to antigens of gut microbiota resident in
[8]
genetically susceptible individuals . It has been
proposed that either an imbalance of the intestinal
microbiota (dysbiosis), or presence of commensal
bacteria with increased virulence could promote
exaggerated local and systemic immune responses by
[9,10]
disrupting microbiota-mucosa interactions
.
[11]
Evidence from animal models
and success of
[12]
antibiotic treatment in PSC patients
suggest that
disruption of gut microbiota may play a significant
role in pathogenesis of PSC. Recently, several studies
described specific changes in the gut microbiota of
PSC patients that were not related to dysbiosis with
[13-20]
concomitant IBD
. However, those studies differed
in sampling, experimental methods and design, in
addition to outcome.
The aim of this study was to identify microbial
features specific to patients with PSC (with and without
concomitant IBD), in an independent, well-characterized
cohort, to compare them with healthy controls (HC) and
patients with UC, and to verify previous findings.

RESULTS
Microbial profiles in both PSC and UC were characterized
by low bacterial diversity and significant change in
global microbial composition. Rothia , Enterococcus ,
Streptococcus , Veillonella , and three other genera
were markedly overrepresented in PSC regardless
of concomitant inflammatory bowel disease (IBD).
Rothia , Veillonella and Streptococcus were tracked
to the species level to identify Rothia mucilaginosa ,
Streptococcus infantus , S. alactolyticus , and S. equi
along with Veillonella parvula and V. dispar . PSC
was further characterized by decreased abundance
of Adlercreutzia equolifaciens and Prevotella copri .
Decrease in genus Phascolarctobacterium was linked
to presence of colonic inflammation regardless of IBD
phenotype. Akkermansia muciniphila , Butyricicoccus
pullicaecorum and Clostridium colinum were decreased
in UC along with genus Roseburia . Low levels of serum
albumin were significantly correlated with enrichment of
order Actinomycetales.
CONCLUSION
PSC is associated with specific gut microbes in
dependently of concomitant IBD and several bacterial
taxa clearly distinguish IBD phenotypes (PSC-IBD and
UC).
Key words: Dysbiosis; Inflammatory bowel disease;
Ulcerative colitis; Gut microbiota; Primary sclerosing
cholangitis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study demonstrates specific microbial
patterns associated with PSC and/or concomitant
inflammatory bowel disease (PSC-IBD). Several
bacterial taxa convincingly distinguish PSC-IBD from
ulcerative colitis. Gut microbiota composition also
differs in patients with PSC overlap with autoimmune
hepatitis. Disease-specific microbial features traceable
down to the species level may lead to establishing
suitable biomarkers or outlining new research directions
in the field of PSC and IBD pathogenesis.

MATERIALS AND METHODS
Study participants

PSC, PSC-IBD, and UC patients for this single center,
cross-sectional study were recruited at the out
patient department of the Institute for Clinical and
Experimental Medicine, Prague. Healthy controls (HCs)
were age and sex matched volunteers with insignificant
medical history that were randomly selected from the
hospital patient database. HCs were eligible if they
had no history of malignant or autoimmune disease,
major abdominal surgery, gastrointestinal disease or
chronic gastrointestinal symptoms. Anyone, healthy or

Bajer L, Kverka M, Kostovcik M, Macinga P, Dvorak J,
Stehlikova Z, Brezina J, Wohl P, Spicak J, Drastich P. Distinct
gut microbiota profiles in patients with primary sclerosing
cholangitis and ulcerative colitis. World J Gastroenterol 2017;
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diseased, with antibiotic use within the previous 3 mo,
a history of colorectal surgery, or ongoing or recent
infectious colitis were excluded. Patients who received
liver transplants were excluded because we assumed
that OLT and related medications, immunosuppressive
therapy in particular, might significantly influence
the microbiota composition, and therefore cause
substantial bias. To exclude the potential impact of
obesity or malnutrition, only patients and controls with
a normal BMI were recruited.

sample comparisons were done on resampled datasets
at the level of 16400 sequences. This led to the
exclusion of two samples, one from the PSC and one
from the HC group because of an insufficient number
of reads.

Statistical analysis and bioinformatics

The appropriateness of sequencing depth was checked
in rarefaction plots. Alpha diversity statistics were
[24]
calculated in QIIME
using Shannon, Simpson,
and observed species diversity indices, and the P
value for group comparisons was determined by
analysis of variance (ANOVA). Principal coordinate
analysis plots were constructed to illustrate the
beta diversity of samples based on phylogenetically
informed weighted and unweighted Unifrac distance
[26]
matrices . Significance of clustering patterns was
tested by PERMANOVA, Adonis and ANOSIM in the
R-vegan package. The multivariate homogeneity of
group dispersions was assessed by Permdisp methods.
Multivariate association with linear models (MaAsLin)
[27]
for multivariate analysis applying an additive general
linear model was used to assess the association
between microbial abundance and patient metadata:
Age, sex, gender, presence of PSC/AIH overlap, IBD
activity, probiotic use (E. coli Nissle 1917), and use of
anti-TNF treatment. A P value < 0.05 was considered
statistically significant after adjusting for false
discovery rate (FDR). Raw demultiplexed sequencing
data, with sample annotations, were submitted to the
Short Read Archive (http://www.ncbi.nlm.nih.gov/
bioproject/368966).

Sample collection, DNA extraction and amplification

Stool samples were freshly collected in standardized,
sterile collection tubes by participants and brought to
the clinic when they made their routine clinic visits.
All samples were delivered within 6 h of collection,
immediately frozen at -20 ℃ and within 2 wk trans
ferred to a -80 ℃ freezer for long-term storage. Care
was taken to prevent thawing until samples were
[21,22]
suspended in extraction buffer
. A MasterPure™
Complete DNA and RNA Purification Kit (Epicentre)
®
was used for DNA extraction using a FastPrep -24
Instrument homogenizer and Lysing Matrix Y zir
conium oxide spheres (both MP Biomedicals). DNA
concentration was equalized in each sample after
quantitation with a Qubit™ 2.0 Fluorometer and a
dsDNA BR Assay Kit (Life Technologies). KAPA 2G
Robust Hot Start DNA Polymerase (Kapa Biosystems)
was used to amplify segments of the 16S rRNA gene
including the V3 and V4 regions using 341F and 806R
[23]
primers . The PCR protocol was initialized with 94 ℃
for 3 min, followed by 25 cycles of denaturation (94 ℃,
30 s), annealing (54.2 ℃, 1 min) and extension (72 ℃,
1 min and 15 s), with the final extension (72 ℃) for 10
min. The PCR products were purified and normalized
for concentration with SequalPrep™ Normalization
Plate Kit (ThermoFisher Scientific).

Ethical approval

This study was approved by The Ethics Committee with
multicenter competence of the Institute for Clinical
and Experimental Medicine and Thomayer Hospital.
All patients and healthy controls signed the informed
consent form at the time of sample collection.

Library preparation and sequencing

After pooling, sample ligation was performed with
a TruSeq DNA PCR-free LT Sample Preparation Kit
(Illumina) following the standard protocol provided by
the manufacturer. The libraries were validated by a
KAPA Library Quantification Kit (Kapa Biosystems) prior
to submission to The Genomics Core Facility, Central
European Institute of Technology (CEITEC; Brno, Czech
Republic) for sequencing on a MiSeq Platform (Illumina)
using a Miseq Reagent Kit v3 (Illumina).

RESULTS
Characteristics of the study population

A total of 106 individuals were enrolled, including 32
patients with PSC-IBD, 11 with PSC (without IBD),
32 with UC and 31 HCs. The diagnosis of PSC or
PSC overlap with autoimmune hepatitis (PSC/AIH)
syndrome was established following recommended
biochemical, immunological, histological, and cho
[28-30]
langiographic evaluation
. The extent of UC was
[31]
[32]
categorized endoscopically and Mayo classification
was used to describe disease severity. All other patient
characteristics were obtained on the day of sample
collection (Table 1).

Data processing and quality control

Sequencing data were processed using a QIIME
[24]
package . Briefly, raw reads were demultiplexed and
quality filtered, allowing no N characters, a maximum
of three consecutive low-quality base calls, a maximum
unacceptable Phred quality of Q20, and a maximum of
1.5 barcode errors. Chimeric reads were detected and
[25]
discarded using USEARCH algorithms . In the final
dataset, the median of number of reads per sample
reached 42459 sequences. Community statistics and
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Table 1 Demographical characteristics of the study population categorized by disease phenotype (and healthy controls) n (%)

Gender; male/female
Median age (range), yr
Overlap syndrome PSC/AIH
Total bilirubin (μmol/L; mean ± SD)
AST (μkat/L; mean ± SD)
ALT (μkat/L; mean ± SD)
ALP (μkat/L; mean ± SD)
GGT (μkat/L; mean ± SD)
IBD extent:
Pancolitis
Left-sided
Right sided
IBD activity:
Mild or remission
Moderate
Severe
Medication during last month:
UDCA
5-ASA
Corticosteroids
Azathioprine
Anti-TNFα
Probiotics, E. coli Nissle 1917

PSC-IBD (n = 32)

PSC (n = 11)

UC (n = 32)

Healthy controls (n = 31)

24/8 (75%/25%)
35 (18-60)
6 (18.8)
47 ± 56.8
1.5 ± 0.8
1.8 ± 0.9
7.4 ± 5.7
7.5 ± 7.4

10/1 (90.9%/9.1%)
45 (18-69)
2 (18.2)
34.4 ± 32.8
1.1 ± 0.8
1.3 ± 1.1
4.3 ± 4.9
12.2 ± 25.5

17/15 (53.1%/46.9%)
40 (20-71)
N/A
13.1 ± 6.7
0.4 ± 0.1
0.5 ± 0.2
1.1 ± 0.4
0.5 ± 0.5

13/18 (41.9%/58.1%)
44 (22-72)
N/A
12.8 ± 6.2
0.5 ± 0.3
0.6 ± 0.4
1 ± 0.3
0.7 ± 1.6

28 (87.5)
0 (0)
4 (12.5)

N/A
N/A
N/A

25 (78.1)
7 (21.9)
0 (0)

N/A
N/A
N/A

24 (75)
4 (12.5)
4 (12.5)

N/A
N/A
N/A

20 (62.5)
3 (9.4)
9 (28.1)

N/A
N/A
N/A

33 (100)
26 (81.3)
12 (37.5)
13 (40.6)
0 (0)
4 (12.5)

11 (100)
0 (0)
2 (18.2)
1 (9.1)
0 (0)
1 (9.1)

0 (0)
31 (96.9)
3 (9.4)
14 (43.8)
10 (31.3)
9 (28.1)

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

PSC: Primary sclerosing cholangitis; IBD: Inflammatory bowel disease; UC: Ulcerative colitis; AIH: Autoimmune hepatitis; UDCA: Ursodeoxycholic acid;
ASA: Aminosalicylic acid

Rothia and five other genera were increased in PSC
regardless of concomitant IBD

with HCs was apparent from differences in the Chao1
and Shannon indices, the decrease was particularly
clear in patients with IBD, especially in the UC group.
No evident differences in the Simpson indices of the
groups were observed (Figure 1).
The global microbiota composition was clearly
shifted by the presence of liver disease in PSC patients
2
compared with HCs (Adonis R = 0.021, P = 0.001;
Figure 2A). Similarly, samples from patients with IBD
clustered separately, depending significantly on the
2
UC factor (Adonis R = 0.021, P < 0.001) (Figure 2B).
However, the homogeneity of group dispersion was
significantly different when measured with Permdisp (P
> 0.1). No such significant shifts were detected when
comparing PSC and PSC-IBD groups. The disruption of
bacterial beta diversity is shown in stack plots (Figure 3).

WJG|www.wjgnet.com

We compared relative abundance corrected for FDR,
and identified 12 genera that were significantly
increased in patients with PSC compared with HCs
(Table 2). Seven of these remained relatively more
abundant regardless of concomitant IBD. These were
Rothia, Enterococcus, Streptococcus, Clostridium,
Veillonella and Haemophilus. On the other hand,
Coprobacillus, Escherichia, Corynebacterium and
Lactobacillus genera were associated with PSC-IBD,
but not with isolated PSC. A distinct increase in the
relative abundance of family Micrococcaceae (P <
0.001) in PSC and PSC-IBD (P < 0.05) was driven
by the strong overrepresentation of Rothia. Similarly,
enrichment of genus Lactobacillus and Streptococcus
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Figure 2 Ordination plots shows a distinct clustering pattern of sampled bacterial communities, explained either by the liver damage (primary sclerosing
cholangitis vs Healthy controls) (A) and by the intestinal inflammation (primary sclerosing cholangitis-inflammatory bowel disease vs ulcerative colitis)
(B). Both graphs are based on unweighted Unifrac distance matrix and constructed by PERMANOVA. PSC: Primary sclerosing cholangitis; UC: Ulcerative colitis; IBD:
Inflammatory bowel disease.

was detected only in PSC patients without concomitant
IBD. Faecalibacterium prausnitzi, Coprococcus catus
and Ruminococcus gnavus were decreased in all
patients compared with HCs.

Table 2 Statistical expression of relative abundances
disruption in the study groups at genus level
Genus

PSC

PSC-IBD

UC

Rothia
Enterococcus
Streptococcus
Clostridium
Veillonella
Haemophilus
Staphylococcus
Coprobacillus
Escherichia
Corynebacterium
Lactobacillus
Coprococcus
Phascolarctobacterium
Akkermansia
Roseburia

↑↑↑
↑↑↑
↑↑
↑↑
↑
↑
NS
NS
NS
NS
NS
↓↓
NS
NS
NS

↑↑
↑↑
↑↑
↑
↑
↑
↑
↑
↑
↑
↑
↓↓
↓↓
NS
NS

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
↓↓
↓↓
↓↓↓
↓

Several species clearly distinguish PSC-IBD from UC
patients

A distinct dysbiotic pattern characterized by the
significant underrepresentation of phylum Verru
comicrobia (P < 0.001) distinguished patients
in the UC group from HCs. The low signal of this
group of bacteria was also evident at the family
(Verrucomicrobiaceae, P <0.001) and genus (Akker
mansia, P < 0.001) levels and with the extremely low
abundance of Akkermansia muciniphila (P < 0.001),
reduction of Butyricicoccus pullicaecorum (P < 0.05)
and genus Roseburia (P < 0.05). The decrease of
genus Akkermansia (P < 0.01) and Akkermansia
muciniphila (P < 0.01) remained significant (along
with the respective family and phylum signals) when
compared with microbiota from PSC-IBD patients.
Furthermore, Clostridium colinum was significantly
underrepresented when compared with both HCs (P <
0.001) and PSC-IBD patients (P < 0.01). On the other
hand, three genera that distinguished PSC patients
from HCs (Rothia P < 0.05; Streptococcus, P < 0.05;
Veillonella, P < 0.05) were increased in PSC-IBD
compared to UC. The pattern continued at the species
level with R. mucilaginosa (P < 0.05), V. parvula (P <
0.05), V. dispar (P < 0.05), and unclassified species of
genus Streptococcus (P < 0.01) and genus Blautia (P
< 0.05). Order Fusobacteriales (P < 0.01) and family
Fusobacteriaceae (P < 0.05) were more abundant in
UC then in PSC-IBD, but we were not able to track this
tendency to lower taxonomic levels (Tables 2 and 3).

Only taxa with P < 0.05 in at least one group are presented. ↑↑↑, ↓↓↓:
Increased, decreased with P < 0.001; ↑↑, ↓↓: P < 0.01; ↑, ↓: P < 0.05; NS:
Non-significant; PSC: Primary sclerosing cholangitis; IBD: Inflammatory
bowel disease; UC: Ulcerative colitis.

along with increase of family Carnobacteriaceae (P
< 0.01) was responsible for a significant increase of
order Lactobacillales (P < 0.001) and class Bacilli (P <
0.001) in patients with PSC-IBD. Additionally, genus
Coprococcus was significantly reduced (P < 0.01) in
all diseased individuals, including those with PSC and
UC, along with several other unidentified genera and
species belonging to family Lachnospiraceae. A low
abundance of genus Phascolarctobacterium positively
correlated (P < 0.01) with the presence of IBD, both
PSC-IBD and UC.
At the species level, seven taxa belonging to genera
Rothia, Lactobacillus, Streptococcus and Veillonella,
were overrepresented, specifically in PSC patients,
compared with both HCs and patients with UC (Table
3). Conversely, abundance of Prevotella copri was
negatively associated with PSC, particularly in patients
with concomitant IBD (P < 0.001). A highly significant
decrease of Adlercreutzia equolifaciens (P < 0.001)
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Disturbance in order Actinomycetales correlates with
serum albumin levels in the overall population and has
a distinct pattern in patients with PSC/AIH overlap

In the multivariate analysis, an OTU (operational
taxonomic unit) belonging to genus Actinomycetes
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[33]

The intestinal microbiota is involved in the pathogenesis of various diseases and is, therefore, a potential biomarker or even a therapeutic target . We identified
specific signatures of the fecal microbiota that distinguished patients with PSC from those with UC and from HCs. This is the first study of its kind from central Europe,
[18]
a region characterized by specific dietary habits. Moreover, since recruitment centre may have a serious impact on microbial composition in multi-centric studies , we
decided to perform this study in a single-centre design with meticulous care for consistency of sample collection, processing and analysis.
We found disruption of gut bacteria homeostasis in patients with UC, which was characterized by decreased microbial diversity. This is in line with previous studies
[34]
in which low bacterial diversity was associated with IBD . Moreover, significant disease-specific shifts of global microbiota composition were apparent when comparing
PSC patients with healthy controls and PSC-IBD with UC patients.
In complex diseases, several distinct environmental factors may influence the composition of the gut microbial community. In our series of PSC and PSC-IBD
patients, it was apparent that liver disease was primary factor associated with disease-specific dysbiosis, independent of dysbiotic influences of IBD, as the changes in
gut microbiota did not significantly differ in PSC patients with and without established, concomitant IBD. However, stratifying PSC patients into “with or without IBD”
subphenotypes may be controversial because PSC-IBD may have a subclinical course that might be easily missed during endoscopic and histological assessment. In
addition, there is no agreement on the recommended interval for endoscopic evaluation in patients with PSC and no clinical suspicion of IBD. Furthermore, previous

DISCUSSION

was significantly (P < 0.01) enriched, when overlapping AIH was present in patients with PSC (including those with PSC-IBD). Multivariate analysis using MaAsLin found
a significant tendency of order Actinomycetales to be increased in study subjects with low serum albumin level (P < 0.01). This finding was no longer significant when
adjusting for the specific patient groups and HCs (Figure 4).

Figure 3 Median relative abundances of microbiota at order - level in all study subjects (A) and averaged for each study groups (B). We identified (mean ± SD) 40.83% ± 10.00% of sequences on the species level and 84.18% ± 6.83%
of sequences on the genus level. PSC: Primary sclerosing cholangitis; UC: Ulcerative colitis; IBD: Inflammatory bowel disease.
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individuals and patients with indwelling vascular
[36]
devices . Since Rothia is sensitive to gastric
[37]
fluid , we speculate, that our findings may reflect
contamination of the intestinal microbial community
by previous endoscopic retrograde cholangiopancreatography (ERCP), with repeated stenting in
particular. Our data alone are insufficient to indicate a
direct link to disease pathogenesis. However, recent
reports of successful treatment of PSC and recurrent
[12,38]
PSC with vancomycin
, suggest that Rothia or
[39]
other vancomycin-sensitive microbes are reasonable
targets of further research in this field.
The increased abundance of genera Enterococcus
and Lactobacillus confirms the results of a recent
[16]
complex study from Belgium . Even though we did
not find a significant increase of genus Fusobacterium
(one of three significantly increased genera in the
Belgian study), we observed the clear enrichment
of family Fusobacteriaceae in PSC-IBD patients (P <
0.001).
We could replicate previous results of enrichment of
Veillonella, notably V. parvula and V. dispar, as a key
[13]
feature of PSC-associated dysbiosis . Previously, this
genus was associated with several other progressive
[40]
[13]
fibrotic disorders . As in our study, Kummen et al
did not evaluate the influence of liver cirrhosis, which
might be the condition that predisposes towards
Veillonella increase, not necessarily PSC itself. This
[16]
is further supported by Sabino et al
who found
that Veillonella abundance in PSC was no longer
significantly changed when patients with confirmed
liver cirrhosis were excluded from the analysis. Sabino
[16]
et al
diagnosed liver cirrhosis diagnosis biopsy
and/or MRI imaging and/or elastography. Confirming
cirrhosis in advanced cholestatic liver disease by
elastography may be challenging because of imaging
distortion, and biopsy can miss focally expressed
[41]
morphological features . Therefore, it is not certain,
whether the alteration in microbiota composition was
a PSC-specific characteristic, or more likely reflects
homeostatic disruption in advanced chronic liver
disease in general.
In our dataset, genus Adlercreutzia was sig
nificantly decreased in PSC compared with HCs.
Adlercreutzia is a genus that includes only one species
(A. equolifaciens) capable of converting ingested
isoflavones, which are abundant in legumes and
[42]
soya beans, into equol . Equol has a high affinity
for estrogen receptors (ERs) and may be a selective
[43]
estrogen receptor modulator . ER expression on
cholangiocytes is increased in cholestatic liver diseases
[44]
but is absent in healthy individuals . Taking into
account the fact that the prevalence of PSC is much
[45]
decreased in women and Asian populations
(and
presumably in populations with higher than average
consumption of isoflavones), we could speculate
upon potential pathogenetic pathways with significant
impact on disease development that are influenced by
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Figure 4 Abundance of order Actinomycetales negatively correlates with
serum albumin levels in the total study population.

Table 3 Statistical expression of relative abundances
disruption in the study groups at species level
Species

PSC

PSC-IBD

UC

Rothia mucilaginosa
Lactobacillus salivarius
Streptococcus infantis
Streptococcus alactolyticus
Streptococcus equi
Veillonella dispar
Veillonella parvula
Prevotella copri
Adlercreutzia equolifaciens
Faecalibacterium prausnitzi
Coprococcus catus
Ruminococcus gnavus
Akkermansia muciniphila
Butyricicoccus pullicaecorum
Clostridium colinum

↑↑↑
NS
↑↑
↑↑
↑↑
↑↑
↑
↓
↓↓↓
↓
↓
↓↓
NS
NS
NS

↑↑
↑↑↑
↑↑
↑↑
↑↑
↑↑
↑↑
↓↓↓
NS
↓↓↓
↓↓
↓↓
NS
NS
NS

NS
NS
NS
NS
NS
NS
NS
NS
NS
↓↓
↓
↓↓↓
↓↓↓
↓↓↓
↓↓↓

Only taxa with P < 0.01 in at least one group are presented. ↑↑↑, ↓↓↓:
Increased, decreased with P < 0.001; ↑↑, ↓↓: P < 0.01; ↑, ↓: P < 0.05; NS:
Non-significant; PSC: Primary sclerosing cholangitis; IBD: Inflammatory
bowel disease; UC: Ulcerative colitis.

studies evaluated PSC-UC and PSC-CD as subgroups
[13,16]
of their study cohorts
. However, we assumed, that
IBD in PSC rarely has macroscopic features typical
for CD and that histological findings might be often
misinterpreted and the diagnosis is often eventually
changed to UC. Therefore, we included only patients
with typical features of IBD associated with PSC and
[7]
universally categorized the phenotype as PSC-IBD .
We found a close association of the relative abun
dance of several genera with PSC, including Rothia,
Streptococcus, Enterococcus, Veillonella, Clostridium,
and Haemophilus regardless of the presence or absence
of concomitant IBD. The association of Rothia with PSC
was the most striking, and to our knowledge, this is the
first study to describe such a significant relation with
PSC.
The increased abundance of genus Rothia, and
R. mucilaginosa in particular, in patients with PSC
suggests that oral microbiota may be overrepresented
in the lower GI populations of patients with advanced
[35]
liver disease, which is in line with previous reports .
In previous studies, infections caused by Rothia species
were predominantly found in immunocompromised

WJG|www.wjgnet.com
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dietary habits and endocrine signaling.
We observed a significant decrease of Ruminococcus
[46]
gnavus in all diseased individuals, Png et al described
a manifold increase of this mucin-degrading species in
the colonic mucosa of both CD and UC patients. This
discrepancy could be, however, caused by the fact that
the luminal and mucosal microbiota are significantly
[47]
different . The low abundance of another mucolytic
bacteria, Akkermansia muciniphila (and therefore
[46]
genus Akkermansia), in UC is consistent with Png et al .
The absence of this bacterium from the microbial
community could affect the use of mucins as a carbon
sources by other bacteria that are important members
[46]
of microbial community in healthy individuals . In
our study, the UC phenotype was characterized by a
substantial decrease of Butyricicoccus pullicaecorum
[48]
sp., which is in line with Eeckhaut et al
who found
that B. pullicaecorum attenuated trinitrobenzene
sulfonic acid (TNBS)-induced colitis in rats, and that
supernatants of cultures of B. pullicaecorum increased
transepithelial resistance. Decreased abundance of
Faecalibacterium prausnitzii has recently been reported
[49,50]
in IBD-associated dysbiosis
, which also occurred in
this study in both UC and with PSC. The decrease of F.
prausnitzii was particularly significant in patients with
an inflamed colon, regardless of IBD phenotype. The
decreased abundance of B. pullicaecorum, F. prausnitzii,
and genus Roseburia demonstrates disruption in
butyrate-producing bacteria, which probably have
anti-inflammatory activity. Furthermore, it has been
proposed recently that the anti-inflammatory properties
of F. prausnitzii is associated with the production of 15
kDa protein capable of inhibiting the NF-κB pathway in
[51]
intestinal epithelial cells .
Bile acids and changes in production, circulation,
and conversion may be associated with changes of
[52]
microbiota composition . Microbiota might thus
be influenced by long-term use of ursodeoxycholic
acid (UDCA) leading to substantial changes in bile
[16]
composition. Sabino et al
reported that only 66.7%
of a series of 147 patients with PSC-UC used UDCA.
In our series, all patients with an established diagnosis
of PSC received UDCA as routine clinical practice at
[53]
our center follows the recommendations of EASL
[54]
and ECCO , which are contradictory to the AASLD
guidelines advocating against routine use of UDCA in
[5]
PSC . We were thus not able to evaluate the influence
of UDCA on microbiota composition. However, recent
reports have not reported substantial differences in the
microbiota of PSC patients treated or not treated with
[13,16]
UDCA
.
The impact of antibiotics on gut microbiota com
position is clear, but there is no consensus on how to
adjust for the antibiotic use, we included only subjects
who had not used antibiotics within the previous 3
[16]
mo. Sabino et al
enforced only 1 mo cutoff, and
[13]
Kummen et al
observed no substantial differences
related to antibiotic use within the previous 12 mo.
The role of biologics for PSC treatment is currently

WJG|www.wjgnet.com

not sufficiently clear. α4β7 integrin antagonists have
[55]
demonstrated a positive effect on PSC course ,
[56]
and the effect of anti-TNF treatment is dubious
[57]
with potential risk of serious adverse events . In
our series, no PSC patients had been treated with
biologics. Nearly one-third of the UC patients had
received infliximab, adalimumab, or golimumab, but
these agents did not result in microbial shifts that
distinguished the UC group.
Multivariate analysis revealed a significant negative
correlation of serum albumin level and the relative
contribution of order Actinomycetales in the total
study population. This might reflect a decrease in this
microbial subgroup in patients with advanced liver
disease and subsequent alteration of proteosynthesis.
As the relation could not be assigned to any specific
subgroup of patients, the relevance of this observation
is not clear.
Due to the advances in sequencing and bio
informatics, we were able to found some of the
most striking changes at the low taxonomic level
(species). These disease-specific bacteria could be
the cornerstone in search for suitable biomarkers for
PSC development or in non-invasive distinguishing
of different IBD phenotypes. The fact that most of
our findings were consistent with those reported
in previous studies validates the study design and
methodology. The current evidence supports a key role
of microbiota in PSC pathogenesis which, however,
needs to be further elucidated by future mechanistic
studies.
In conclusion, PSC- and UC-associated dysbiosis
was characterized by reduced bacterial diversity,
significant changes in global bacterial composition
and relative abundance of distinct taxa, primarily at
the genus and species levels. The most prominent
changes related to PSC were in the genera Rothia,
Streptococcus, Veillonella, Enterococcus, Clostridium,
Haemophilus, and Adlercreutzia. Several microbes
including Akkermansia muciniphila, Butyricicoccus
pullicaecorum and Clostridium colinum clearly
distinguished the UC and PSC-IBD phenotypes. Specific
changes in occurring with PSC/AIH overlap involved
enrichment of Actinomyces spp.
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Background

Primary sclerosing cholangitis (PSC) is a chronic liver disease with particularly
high incidence in northern Europe and North America. Concomitant
inflammatory bowel disease (IBD) is present in majority of patients with PSC.
This IBD phenotype is distinct from Crohn´s disease and ulcerative colitis and
is often referred to as PSC-IBD. Gut microbiota composition is most likely
involved in pathogenesis of this complex and often unfavorable clinical entity
that involves the liver and intestine.

Research frontiers

Disruption of microbial ecology has previously been described in several clinical
conditions including IBD. The few reports on gut microbiota composition in PSC
and PSC-IBD have used diverse methods and yielded inconsistent results.
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This study describes specific gut microbial patterns associated with PSC and
differ in individual IBD phenotypes (UC and PSC-IBD).

Applications

Identifying disease-specific microbial features could be the cornerstone of
further research in the field of PSC and IBD pathogenesis as well as the search
for suitable biomarkers.

14

Terminology

15

PSC is a severe liver disease characterized by fibrosis and stenosis of
both intra- and extrahepatic bile ducts; PSC-IBD is a specific phenotype of
inflammatory bowel disease associated with PSC; gut microbiota comprises
the ecological community of microorganisms residing in the (human) intestine
intestine.
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AIM
To evaluate the anti-inflammatory and anti-apoptotic
effects of rosuvastatin by regulation of oxidative stress
in a dextran sulfate sodium (DSS)-induced colitis
model.
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METHODS
An acute colitis mouse model was induced by oral
administration of 5% DSS in the drinking water for
7 d. In the treated group, rosuvastatin (0.3 mg/kg
per day) was administered orally before and after
DSS administration for 21 d. On day 21, mice were
sacrificed and the colons were removed for macroscopic
examination, histology, and Western blot analysis. In
the in vitro study, IEC-6 cells were stimulated with
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a range of intestinal diseases, including two major
disorders: ulcerative colitis (UC) and Crohn’s disease
(CD). IBD is characterized by a chronic or relapsing
inflammatory condition within the gastrointestinal
tract. In recent years, several studies have focused
on colonic inflammation and oxidative stress, such as
reactive oxygen species (ROS) and reactive nitrogen
species (RNS) as one of the major mechanisms
[1,2]
involved in the pathophysiology of IBD . Inhibition
of both inflammatory mediators and ROS production
could be an important protective and therapeutic
treatment for IBD. Many drugs have been used to
prevent inflammation and mutagenesis in patients
[3]
with IBD . However, until now, only a couple of drugs
were commercially available to control IBD. In animal
studies, antioxidants such as S-adenosylmethionine,
green tea polyphenols, and 2(R,S)-n-propylthiazolidine4(R)-carboxylic acid attenuated dextran sulfate sodium
(DSS)-induced colitis, and exogenous 8-hydroxy-2′deoxyguanosine paradoxically blocked Rac1 activation
and subsequent nitrogen oxide (NO) inactivation in
DSS-induced colitis and inflammation-associated
[4-6]
carcinogenesis models
. In our previous studies,
pantoprazole significantly reduced oxidative stress and
the degree of colon inflammation through suppression
of tumor necrosis factor-alpha (TNF-α) and NO in a
DSS-induced colitis mouse model, and infliximab was
suggested as a preventive drug in a colitis-associated
[7,8]
carcinogenesis model . Statins inhibit 3-hydroxy3-methylglutaryl coenzyme A (HMG-CoA) reductase,
the rate-limiting enzyme in the mevalonate pathway,
and have long been used to lower cholesterol levels
through inhibition of this pathway. Recently, their antiinflammatory and endothelial cell protective actions,
independent of their anti-hyperlipidemic effects
[9]
were suggested . In addition, a previous report
demonstrated that rosuvastatin may be effective for
preventing the development of DSS-induced colitis in
mice via inhibition of mucosal inflammatory responses
associated with the preservation of endothelial NO
[10]
synthase transcription .
However, the precise mechanism of anti-in
flammatory effects by rosuvastatin in DSS-induced
colitis is still unclear, and few studies have described
the anti-apoptotic effects of rosuvastatin in DSSinduced colitis. We describe the antioxidant, antiinflammatory and anti-apoptotic effects of rosuvastatin
in a DSS-induced colitis model.

50 ng/mL tumor necrosis factor (TNF)-α and then
treated with or without rosuvastatin (2 µmol/L). The
levels of reactive oxygen species (ROS), inflammatory
mediators, and apoptotic markers were measured.
RESULTS
In DSS-induced colitis mice, rosuvastatin treatment
significantly reduced the disease activity index and
histological damage score compared to untreated mice
(P < 0.05). Rosuvastatin also attenuated the DSSinduced increase of 8-hydroxy-2’-deoxyguanosine and
NADPH oxidase-1 expression in colon tissue. Multiplex
ELISA analysis revealed that rosuvastatin treatment
reduced the DSS-induced increase of serum IL-2,
IL-4, IL-5, IL-6, IL-12 and IL-17, and G-CSF levels.
The increased levels of cleaved caspase-3, caspase-7,
and poly (ADP-ribose) polymerase in the DSS group
were attenuated by rosuvastatin treatment. In vitro ,
rosuvastatin significantly reduced the production of
ROS, inflammatory mediators and apoptotic markers in
TNF-α-treated IEC-6 cells (P < 0.05).
CONCLUSION
Rosuvastatin had the antioxidant, anti-inflammatory
and anti-apoptotic effects in DSS-induced colitis model.
Therefore, it might be a candidate anti-inflammatory
drug in patients with inflammatory bowel disease.
Key words: Oxidative stress; Inflammatory bowel
disease; Rosuvastatin; Apoptosis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Oxidative stress in the intestinal tract is
considered a major factor that contributes to the
pathogenesis and progression of inflammatory bowel
disease (IBD). We report that rosuvastatin has the
antioxidant, anti-inflammatory and anti-apoptotic
effects in dextran sulfate sodium (DSS)-induced colitis
mice. We assume the possibility of anti-inflammatory
effects of rosuvastatin through the regulation of
oxidative stress, and first describe the anti-apoptotic
effects of rosuvastatin in a DSS-induced colitis model.
Therefore, rosuvastatin might be a candidate antiinflammatory drug in patients with IBD.
Shin SK, Cho JH, Kim EJ, Kim EK, Park DK, Kwon KA,
Chung JW, Kim KO, Kim YJ. Anti-inflammatory and antiapoptotic effects of rosuvastatin by regulation of oxidative
stress in a dextran sulfate sodium-induced colitis model. World
J Gastroenterol 2017; 23(25): 4559-4568 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i25/4559.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i25.4559

MATERIALS AND METHODS
Reagents and materials

Rosuvastatin was obtained from Sigma-Aldrich (St.
Louis, MO, United States) and 2’,7’-dichlorofluorescein
diacetate (DCFH-DA) was purchased from Molecular
Probes (Eugene, OR, United States). Antibodies to
cyclooxygenase (COX)-2 (#12282), cleaved caspase-3
(#9664), caspase-7 (#8438) and poly (ADP-ribose)

INTRODUCTION
Inflammatory bowel disease (IBD) encompasses
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polymerase (PARP) (#5625) were purchased from Cell
Signaling Technology (Beverly, MA, United States).
β-actin (LF-PA0207) antibodies were obtained from Ab
Frontier (Seoul, South Korea).

fixed in 10% neutral buffered formalin. After fixation,
the specimens were embedded in paraffin, divided into
7 μm sections, and stained with H&E.

Animal model of colitis

Sections (3-10 μm) were deparaffinized in xylene and
rehydrated through a graded ethanol series. Antigen
retrieval was achieved by immersing the sections in
10 mmol/L sodium citrate buffer (pH 6.0), heating to
95 ℃ for 10 min, and cooling in cold water for 30 min.
Slides were treated with 3% hydrogen peroxidase for
10 min to block endogenous peroxidase, rinsed in PBS
for 5 min, and incubated with a mouse monoclonal
antibody to 8-hydroxydeoxyguanosine (8-OHdG)
(ab48508; Abcam, Cambridge, MA, United States)
at 4 ℃ overnight. Immunohistochemical assays were
performed using a Dako REAL EnVision Detection
system (Peroxidase/DAB+) (K500711, DaKo, Denmark).
Nuclei were counterstained with hematoxylin.

Immunohistochemistry

Seven-week-old SPF male C57BL/6 mice (Orient Bio,
Sungnam, Korea) were used for the experiments.
A total of 15 mice were divided into three groups,
with five mice per group. In the untreated control
group, mice did not receive DSS or rosuvastatin.
In the DSS (molecular weight of 35-50 kDa; MP
Biomedicals) group, mice were given drinking water
containing 5% DSS for one week. In the rosuvastatin
treatment group, rosuvastatin (0.3 mg/kg per day)
was administered orally for 21 d (before 7 d and
after 7 d of DSS administration). On day 21, all
of the mice were sacrificed and their colons were
removed, measured, opened longitudinally, and
rinsed with ice-cold phosphate-buffered saline (PBS).
For histological examination, the isolated tissues
were stained with hematoxylin and eosin (H&E), and
for immunofluorescence, tissues were subjected to
immunohistochemistry staining. Tissue samples were
also processed for immunoblotting.

Immunofluorescence

Immunofluorescence assays were performed using
anti-NADPH oxidase (NOX)-1 (NBP1-31546; Novus
Biologicals, Canada) and anti-NOX2 (ab80508; abcam,
Cambridge, MA, United States) antibodies. The nuclei
were stained with propidium iodide (Invitrogen,
Carlsbad, CA, United States) and images were acquired
using a Zeiss LSM 700 confocal microscope.

Evaluation of colitis severity

We evaluated colitis severity using a histologic damage
score and a disease activity index (DAI) score. The
histologic damage score was assessed in tissues by
H&E staining and was obtained by evaluating crypt
architecture, inflammatory cell infiltration, goblet cell
depletion, and crypt abscess. The histologic damage
score consists of four grades of crypt architecture (0,
normal; 1, distortion up to 1/3; 2, distortion up to 2/3;
and 3, complete loss), four grades of inflammatory cell
infiltration (0, normal; 1, mild; 2, moderated; and 3,
dense), two grades of goblet cell depletion (0, absent;
and 1, present), and two grades of crypt abscess (0,
absent; and 1, present). These grades are combined
[11]
to calculate the histologic damage score . The DAI
consists of scores for weight change, gross bleeding,
and stool consistency. There are five grades of weight
loss (0, no loss or weight gain; 1, 1%-10% loss; 2,
10%-15% loss; 3, 15%-20% loss; and 4, > 20%
loss), two grades of stool consistency (0, normal; and
4, diarrhea), and two grades of gross bleeding (0,
normal; and 4, gross bleeding). The combined scores
were used to calculate the DAI after 1, 2, and 3 wk
of DSS administration. After determining the DAI, the
mice were sacrificed by cervical dislocation on day 21,
and the colons were resected between the ileocecal
junction and the proximal rectum, close to its passage
under the pelvisternum. The colons were placed on a
nonabsorbent surface and measured with a ruler. The
entire colon was divided into three segments (proximal,
middle, and distal), and a part of each segment was

WJG|www.wjgnet.com

Serum cytokine assays

The concentrations of serum cytokines (IL-2, IL-3, IL-4,
IL-5, IL-6, IL-12 and IL-17, MCP-1 and GM-CSF) were
quantified using a Mouse Cytokine Array Kit (110951MS,
Quansys Biosciences, UT, United States). Serum
samples were diluted 1:2 with the supplied diluents
and run in duplicate according to the manufacturer’s
protocol.

Cell culture

The normal rat intestinal epithelial cell line IEC-6 was
purchased from the Korean Cell Lines Bank (KCLB,
Seoul, South Korea) and cultured in DMEM medium
(Hyclon, NY, United States) supplemented with 10%
fetal bovine serum (GIBCO, Grand Island, NY, United
States) and 1% antibiotic-antimycotic in a humidified
5% CO2 atmosphere.

Analysis of reactive oxygen species

Levels of ROS were detected using DCF-DA, which
measures the production of hydrogen peroxide and
superoxide anion. IEC-6 cells were stimulated with
50 ng/mL TNF-α or 2 μmol/L rosuvastatin for 20 min.
Cells were incubated with 25 μmol/L DCF-DA in the
dark for 40 min. DCF fluorescence was detected by
confocal microscopy and the fluorescence intensity
was measured using a FACSCalibur apparatus (Beckton
Dickinson, San Jose, CA, United States).
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Figure 1 Rosuvastatin attenuated changes in body weight and the disease activity index in dextran sodium sulphate-induced colitis model. In mice, acute
colitis was induced by oral DSS administration in drinking water for 7 d. Rosuvastatin (0.3 mg/kg per day) was administered orally before and after DSS administration
for 21 d in the rosuvastatin-treated group. A: Changes in body weight during DSS administration in mice treated with and without rosuvastatin. Mice in the rosuvastatin
group showed less weight loss than mice in DSS-induced colitis model; B: Disease activity index (sum of weight change, gross bleeding, and stool consistency
scores) in mice treated with and without rosuvastatin. The rosuvastatin group had a lower disease activity index than untreated mice. Data are expressed as mean ±
SE. aP < 0.05 vs DSS group. DSS: Dextran sodium sulphate; Ro: Rosuvastatin.

Quantitative reverse transcription PCR

in accordance with the Association for Assessment and
Accreditation of Laboratory Animal Care International
guidelines under the Center of Animal Care and Use
facility of the Gachon University Lee Gil Ya Cancer and
Diabetes Institute (LCDI-2015-0044).

RNA was isolated using the RNeasy Plus Mini Kit
(Qiagen, Hilden, Germany). To remove genomic
DNA, the extracted total RNA was treated with
DNase I (New England BioLabs, Ipswich, MA, United
States). A total of 1 μg purified total RNA was reverse
transcribed by one-step RT-PCR using a High-Capacity
cDNA Reverse Transcription Kit (Applied Biosystems,
Foster City, CA, United States). For relative mRNA
quantification, the reactions were tested using TaKaRa
SYBR Premix Ex taq II (TaKaRa, Japan), and the PCR
reactions were run on an iCycler (Bio-Rad, Hercules,
CA, United States). The following primer pairs were
used: mIL-1beta, 5’-TACCTATGTCTTGCCCGTGGAG-3’
and 5’-ATCATCCCACGAGTCACAGAGG-3’; mIL-8,
5’-CATTAATATTTAACGATGTGGATGCGTTTCA-3’ and
5’-GCCTACCATCTTTAAACTGCACAAT-3’; COX-2,
5’-TGAT CGAAGACTACGTGCAACA-3’ and 5’-AAAAGCAG
CTCTGGGTCGAA-3’; and GAPDH, 5’-CTCCCATTCTT
CCACCTTTG-3’ and 5’-ATGTAGGCCATGAGGTCCAC-3’.
GAPDH was amplified as a reference.

Statistical analysis

The data are presented as mean ± sD. Statistical
significance of the difference between experimental
groups was assessed using the two-tailed Student’s
t-test, with a P < 0.05 considered statistically significant.

RESULTS
Rosuvastatin significantly attenuated changes in colon
length, weight, and colitis severity

The mean colon length (89 ± 4.2 mm vs 100.4 ±
17.8 mm) was lower in the DSS-induced colitis group
than in the control group. Although the decrease in
colon length after DSS administration (89.0 ± 4.2
mm vs 97.0 ± 9.1 mm, P = 0.127) was reversed
by rosuvastatin, the difference was not statistically
significant. Significant weight loss was observed in
the DSS-induced colitis group compared to the control
group, and the rosuvastatin group showed less weight
loss than the DSS-induced colitis group (21.6 ± 2.2
g vs 25.2 ± 1.3 g, P = 0.018) (Figure 1A). On day
21, the DAI score in the DSS-induced colitis group
was higher than that in the control group and was
significantly lower in the rosuvastatin-treated group
(4.2 ± 1.9 vs 1.0 ± 2.2, P = 0.041) (Figure 1B). H&E
staining showed that DSS administration distorted
glandular formation and led to the recruitment of
inflammatory cells into the submucosal layer, leading to
mucosal destruction. On the other hand, rosuvastatin
treatment significantly attenuated these pathologic
changes (Figure 2A). In the DSS-induced colitis group,
the histologic damage score on day 21 was higher
than that in the control group and was significantly
decreased in the rosuvastatin-treated group (7.2 ± 0.4

Immunoblotting

Harvested cells and mice tissue were lysed in cold RIPA
lysis buffer (0.5 mol/L Tris-HCl, pH 7.4, 1.5 mol/L
NaCl, 2.5% deoxycholic acid, 10% NP-40, and 10
mmol/L EDTA) containing protease and phosphatase
inhibitors (GenDEPOT, San Jose, CA, United States).
Cell lysates were subjected to SDS-PAGE and then
transferred to a nitrocellulose membrane. After
blocking in 5% bovine serum albumin, the membrane
was probed with anti-COX-2, anti-poly ADP-ribose
polymerase (PARP), anti-cleaved caspase-7, and anticleaved caspase-3 antibodies, followed by incubation
with a secondary antibody conjugated to horseradish
peroxidase. Then the membranes then stripped and
reprobed with an anti-β-actin antibody.

Ethics

Animals were handled in an accredited animal facility
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Figure 2 Rosuvastatin alleviated dextran sodium sulphate-induced histologic damage. A: Hematoxylin and eosin (H&E)-stained colon sections from DSSinduced colitis mouse models treated with and without rosuvastatin. Magnification × 4; B: Histologic damage score. Rosuvastatin-treated mice had lower histological
damage scores than untreated mice. Data are expressed as mean ± SE. aP < 0.05 vs control; cP < 0.05 vs DSS group. DSS: Dextran sodium sulphate; Ro:
Rosuvastatin.

in Figure 5A, DCF fluorescence intensity was higher in
TNF-α-treated IEC-6 cells than in control cells. TNF-α
induced an increase in DCF fluorescence intensity that
was suppressed in IEC-6 cells stimulated with 2 μmol/L
rosuvastatin for 20 min. In TNF-α-treated IEC-6 cells,
rosuvastatin significantly decreased ROS levels, as
measured by DCF fluorescence using fluorescenceactivated cell sorting (FACS) analysis (Figure 5B).

vs 2.2 ± 0.2, P < 0.001) (Figure 2B).

Rosuvastatin reduced levels of DSS-induced serum
inflammatory cytokines

After 7 d of 5% DSS ingestion, serum levels of IL-2,
IL-4, IL-5, IL-6, IL-12 and IL-17, and G-CSF were
markedly decreased in the rosuvastatin-treated group.
However, serum levels of IL-3, mMCP-1, and mRANTES
levels were not markedly different (Figure 3).

Rosuvastatin reduced the inflammatory process

To explore whether rosuvastatin can modulate the
inflammatory process, real-time quantitative RT-PCR
(qRT-PCR) was used to measure mRNA levels of IL-1β,
IL-8, and COX-2 in IEC-6 cells. Western blotting was
also used to measure cleaved caspase-3 and COX-2
protein levels. The mRNA levels of IL-1β, IL-8, and
COX-2 were all increased compared to the control, and
were suppressed by rosuvastatin treatment (Figure
6A). The protein levels of COX-2 were increased in
TNF-α-treated IEC-6 cells and were suppressed in
rosuvastatin-treated cells (Figure 6B).

Rosuvastatin attenuated oxidative stress

It is well known that oxidative stress leads to the
accumulation of 8-OHdG in colon tissue. To evaluate
the antioxidant effects of rosuvastatin in a DSS-induced
colitis model, we analyzed the expression of 8-OHdG
by immunohistochemistry. In the DSS-induced colitis
group, 8-OHdG expression was increased compared to
the control group and rosuvastatin treatment attenuated
the 8-OHdG expression in colon tissue (Figure 4A). To
assess ROS production via NOX, we measured NOX1
expression in colon tissue from the DSS-induced colitis
group and found that NOX1 expression was increased
compared to the control group. In the rosuvastatintreated group, NOX1 expression in colon tissue was
attenuated. However, NOX2 expression in the DSSinduced colitis group was not different compared to the
control group (Figure 4B). To evaluate the antioxidant
effects of rosuvastatin, ROS production was measured
by confocal microscopy and flow cytometry. As shown

WJG|www.wjgnet.com

Rosuvastatin attenuated apoptosis

To evaluate the effects of rosuvastatin on apoptosis,
protein levels of cleaved caspase-3, caspase-7, and
PARP were evaluated by Western blotting in DSSinduced colitis group and in IEC-6 cells treated with 50
ng/mL TNF-α. Increased levels of cleaved caspase-3,
caspase-7, and PARP in the DSS-induced colitis group
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Figure 3 Rosuvastatin reduced the levels of dextran sodium sulphate-induced serum inflammatory cytokines. Analysis of multiplex ELISA showed that the
levels of serum IL-2, IL-4, IL-5, IL-6, IL-12 and IL-17, and G-CSF were markedly decreased in the rosuvastatin-treated group. Data are expressed as mean ± SE.
DSS: Dextran sodium sulphate; Ro: Rosuvastatin.

NOX has a dedicated function of generating reactive
oxygen. Previous studies have shown that the epithelial
NOX homologs, NOX1 and DUOX2, generate a higher
level of superoxide in the colon compared to phagocyte
[14]
NOX2 . In particular, a previous report showed that
NOX1 was highly expressed in human colon epithelial
cells, and lymphocytes within lesions of CD and UC
[15]
had high levels of NOX1 expression . Another report
showed that NOX1 expression was increased in the
colon of mice treated by TNF-α, a pro-inflammatory
cytokine that is increased in the mucosa of IBD
[16,17]
patients and mouse models of DSS-induced colitis
.
In addition, it is well known that oxidative stress leads
to the accumulation of products that cause oxidative
damage such as 8-OHdG in colon tissue. In this study,
expression levels of NOX1 and 8-OHdG in colon tissue
from DSS-induced colitis mice were higher than those
in control mice. Furthermore, ROS production was
increased in TNF-α-treated IEC-6 cells.
Previous reports have demonstrated the antiinflammatory effects of statins in colitis models.
[18]
Maheshwari et al
reported that simvastatin or
rosuvastatin led to a significant reduction in oxidative
stress levels by virtue of increasing levels of super
oxide dismutase (SOD) and glutathione (GSH), and
decreasing levels of malondialdehyde (MDA) in a
trinitrobenzene sulfonic acid-induced colitis rat model.
[10]
Naito et al
suggested that rosuvastatin-induced
TNF-α inhibition and eNOS transcription upregulation
was accompanied by significant suppression of

were attenuated by rosuvastatin treatment (Figure
7). An increase in cleaved caspase-3 in TNF-α-treated
IEC-6 cells was attenuated by rosuvastatin treatment
(Figure 6B).

DISCUSSION
DSS is a chemical colitogen with anticoagulant
properties that induces damage in the epithelial
monolayer lining in the intestine, leading to the
dissemination of pro-inflammatory intestinal contents
[12]
including ROS . A previous report showed that a
mouse model of DSS-induced colitis had neutrophil
accumulation and increased expression of TNF-α in
[10]
the colon . DSS-induced colitis models are commonly
used to study for IBD. DSS induces bloody diarrhea,
weight loss, shortening of the colon, and mucosal
[12]
[10]
ulceration in mice . Previously, Naito et al
found
that in DSS-treated mice, histological findings and
DAI scores, as determined by weight loss, stool
consistency, and blood in the stool, were improved in
rosuvastatin-treated mice. In our study, rosuvastatin
treatment also ameliorated DSS-induced colonic injury
as assessed by the DAI and the histologic damage
score.
Oxidative stress in the intestinal tract is considered
a major factor that contributes to the pathogenesis and
progression of IBD, and is supported by recent data that
suggests a positive correlation between upregulated
[13]
NOX expression and gastrointestinal inflammation .
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Figure 4 Rosuvastatin attenuated the expression of 8-OHdG and NOX1, but not of NOX2, in a dextran sodium sulphate-induced colitis model. A: 8-OHdG
expression in colon sections from DSS-induced colitis mice treated with and without rosuvastatin by immunohistochemistry. 8-OHdG expression was attenuated in the
rosuvastatin-treated group. Magnification × 10; B: NOX1 and NOX2 expression in colon sections from DSS-induced colitis mice treated with and without rosuvastatin
by immunofluorescence. NOX1 expression was attenuated in the rosuvastatin-treated group. NOX2 expression levels were not different in DSS-induced colitis mice
and control mice. Magnification × 10. DSS: Dextran sodium sulphate; 8-OHdG: 8-hydroxy-2’-deoxyguanosine; NOX: NADPH oxidase.

intestinal inflammation. However, few studies have
investigated whether statins can suppress NOXdependent ROS production in DSS-induced colitis
models. Recently, it was suggested that statins
reduced NOX-derived ROS in the vascular wall that
was mediated by mevalonate-reversible inhibition of
isoprenoid formation and membrane translocation
[19]
of the small GTP protein Rac1 . In this study, we
confirmed that in DSS-treated mice, the expression
levels of NOX1 and 8-OHdG in colon tissue, and the
production of TNF-α-induced ROS, were suppressed by
rosuvastatin treatment.
The pro-inflammatory enzyme, COX-2, is over
expressed in the large intestinal epithelium in active
human IBD, and the expression of COX-2 can be
[20,21]
induced by the cytokines such as IL-1β and IL-8
.
In our in vitro study, rosuvastatin treatment reduced
the expression of pro-inflammatory cytokines such as

WJG|www.wjgnet.com

IL-1β, IL-8, and COX-2, and attenuated serum levels
of pro-inflammatory cytokines such as IL-2, IL-4, IL-5,
IL-6, IL-12 and IL-17, and G-CSF in DSS-treated mice.
High levels of apoptosis are observed in the
intestinal epithelium of IBD patients, and in UC, ROS
are thought to play an important role in inducing
[22]
epithelial cell apoptosis . Cell death mechanisms
have been associated with the development of IBD
in humans and mice. The activation of extrinsic
(mediated by caspase-8) and intrinsic (mediated
by caspase-9) pathways leads to the activation of
caspase-3, caspase-6, and caspase-7, which leads to
[23]
the cleavage of other proteins . One of the essential
substrates cleaved by both caspase-3 and caspase-7
is PARP, an abundant DNA-binding enzyme that
[24]
detects and signals DNA strand breaks . PARP has
been implicated in intestinal barrier dysfunction in
[25]
the development of IBD . In our study, rosuvastatin
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Figure 5 Rosuvastatin attenuated oxidative stress. IEC-6 cells were treated with 2 μmol/L rosuvastatin for 20 min or 50 ng/mL TNF-α and then stained with 25
μmol/L DCF-DA for 30 min. DCF fluorescence was detected by (A) confocal microscopy and (B) flow cytometry. Rosuvastatin significantly reduced ROS production.
a
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Figure 7 Rosuvastatin attenuated apoptosis in a dextran sodium
sulphate-induced colitis model. Western blot showing protein levels of
cleaved caspase-3, caspase-7, and PARP. Rosuvastatin attenuated the
increase in cleaved caspase-3, caspase-7, and PARP in DSS-treated mice.
PARP: Poly (ADP-ribose) polymerase; DSS: Dextran sodium sulphate; Ro:
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Figure 6 In vitro, rosuvastatin reduced the expression of inflammatory
mediators and cleaved caspase-3. IEC-6 cells were treated with 50 ng/mL
and/or 2 μmol/L rosuvastatin for 24 h. (A) qRT-PCR showing mRNA expression
levels of IL-1β, IL-8, and COX-2. Rosuvastatin significantly attenuated mRNA
levels of IL-1β, IL-8, and COX-2 in TNF-α-treated IEC-6 cells. Data are
expressed as mean ± SE. (B) Western blot showing protein expression levels
of COX-2 and cleaved caspase-3. Rosuvastatin significantly attenuated COX-2
and cleaved caspase-3 protein expression in 50 ng/mL TNF-α-treated IEC-6
cells. bP < 0.01 vs TNF-α-treated IEC-6 cells without rosuvastatin. TNF: Tumor
necrosis factor; COX: Cyclooxygenase; Ro: Rosuvastatin.

inflammatory effects of rosuvastatin through the
regulation of oxidative stress, and first describe the
anti-apoptotic effects of rosuvastatin in a DSS-induced
colitis model. These results show that rosuvastatin may
be a potential anti-inflammatory drug for the treatment
of IBD.

COMMENTS
COMMENTS
Background

inhibited the apoptotic pathway by activating caspase-3
in TNF-α-treated IEC-6 cells and activating caspase-3,
caspase-7, and PARP in DSS-treated mice.
In conclusion, we assume the possibility of anti-
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Oxidative stress in the intestinal tract is considered a major factor that
contributes to the pathogenesis and progression of inflammatory bowel disease
(IBD). Recently, anti-inflammatory actions of statins, independent of their antihyperlipidemic effects were suggested. The authors investigated the anti-
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inflammatory and anti-apoptotic effects of rosuvastatin by regulation of oxidative
stress in a dextran sulfate sodium (DSS)-induced colitis model.

9

Research frontiers

10

The precise mechanism of anti-inflammatory effects by rosuvastatin in DSSinduced colitis is still unclear, and few studies have described the anti-apoptotic
effects of rosuvastatin in DSS-induced colitis.

Innovations and breakthroughs

11

This study demonstrates the possibility of anti-inflammatory effects of
rosuvastatin through the regulation of oxidative stress, and is the first to
describe the anti-apoptotic effects of rosuvastatin in a DSS-induced colitis
model.

12

Applications

13

Rosuvastatin might be a candidate anti-inflammatory drug in patients with IBD.

Terminology

14

Oxidative stress in the intestinal tract is considered a major factor that
contributes to the pathogenesis and progression of IBD, and is supported by
recent data that suggests a positive correlation between upregulated NADPH
oxidase (NOX) expression and gastrointestinal inflammation.

15

Peer-review

Authors tested a hypothesis of presence of protective effect of rosuvastatin in
animal DSS-induced colitis model and also performed a IEC6 cell line model
of another in vitro study. The study showed promising results about protective
effects of rosuvastatin by reduction of oxidative stress, reduced apoptosis and
decreased inflammation. The study is interesting and could possibly to further
investigations for a possible treatment modality.
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ORIGINAL ARTICLE
Basic Study

miR-29a promotes hepatitis B virus replication and
expression by targeting SMARCE1 in hepatoma carcinoma
Hong-Jie Wu, Ya Zhuo, Yan-Cai Zhou, Xin-Wei Wang, Yan-Ping Wang, Chang-Yun Si, Xin-Hong Wang

Abstract

Hong-Jie Wu, Ya Zhuo, Yan-Cai Zhou, Xin-Wei Wang, YanPing Wang, Chang-Yun Si, Xin-Hong Wang, Department of
Infectious Disease, The First Affiliated Hospital of Xinxiang
Medical University, Xinxiang 453100, Henan Province, China

AIM
To investigate the functional role and underlying
molecular mechanism of miR-29a in hepatitis B virus
(HBV) expression and replication.
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METHODS
The levels of miR-29a and SMARCE1 in HBV-infected
HepG2.2.15 cells were measured by quantitative
real-time PCR and western blot analysis. HBV DNA
replication was measured by quantitative PCR and
Southern blot analysis. The relative levels of hepatitis B
surface antigen and hepatitis B e antigen were detected
by enzyme-linked immunosorbent assay. The Cell
Counting Kit-8 (CCK-8) was used to detect the viability
of HepG2.2.15 cells. The relationship between miR-29a
and SMARCE1 were identified by target prediction and
luciferase reporter analysis.
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RESULTS
miR-29a promoted HBV replication and expression,
while SMARCE1 repressed HBV replication and
expression. Cell viability detection indicated that miR29a transfection had no adverse effect on the host
cells. Moreover, SMARCE1 was identified and validated
to be a functional target of miR-29a. Furthermore,
restored expression of SMARCE1 could relieve the
increased HBV replication and expression caused by
miR-29a overexpression.
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CONCLUSION
miR-29a promotes HBV replication and expression
through regulating SMARCE1. As a potential regulator
of HBV replication and expression, miR-29a could be
a promising therapeutic target for patients with HBV
infection.
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of regulatory proteins . For instance, miR-328 could
interact with the RNA-binding protein hnRNP E2
independent of the miRNA’s seed sequence and lead
to release of CEBPA mRNA from hnRNP E2-mediated
[12]
translational inhibition . Another study elucidated
that miRNAs can also target non-coding RNA and
regulate the expression of itself in a feedback control
[13]
manner, a novel regulatory mechanism of miRNAs .
miRNAs are closely related to the occurrence of
cancer and serve as oncogenes or tumor suppressor
genes involved in rich disordered pathways in
[14]
cancers . Up to now, abnormal expression of miRNAs
[15]
has been detected in almost all types of cancers .
Several studies have reported that miR-210, miR199a-3p and miR-125a-5p were involved in regulative
process of HBV replication, by either directly binding
to HBV transcripts or targeting crucial transcription
factors participating in HBV gene replication and
[16-18]
expression
. Moreover, a recent study indicated
that epigenetically regulated miR-449a promoted HBV
replication and gene expression by targeting cAMPresponsive element binding protein 5 to increase the
expression of FXRα, a transcription factor facilitating
[19]
HBV replication .
The functional role of miR-29a varies in different
cancers. For example, miR-29a was involved in
tumorigenesis in acute myeloid leukemia and breast
[20,21]
cancer as a tumor promotor
. On the contrary, miR29a was implicated in lung cancer, cholangiocarcinoma
and chronic lymphocytic leukemia acting as a tumor
[22,23]
suppressor
. Additionally, miR-29a exerts important
roles in liver diseases. For instance, a study stated
that miR-29a could regulate hepatoma cell migration
mediated by HBx through directly targeting PTEN in
[24]
HBV-related HCC . miR-29a was shown to have a
protective role against acute liver injury in a mouse
[25]
model of obstructive jaundice . miR-29a has also
been shown to induce apoptosis of LX-2 cells and
[26]
lead to the reversion of liver fibrosis in mice .
Furthermore, miR-29a was found to be up-regulated in
[27]
the HCC cell line HepG2.2.15 with HBV infection .
[28]
Pan et al
demonstrated that the cellular
transcription modulator, SWI/SNF-related matrixassociated actin-dependent regulator of chromatin
subfamily E member 1 (SMARCE1), could repress
HBV replication through binding to the core promoter
of HBV. The expression of miR-29a was extensively
investigated and well confirmed in many cancers,
however, the functional role of miR-29a in HBV
expression and replication regulation in HCC is still
not clear. Here, we illustrate the underlying molecular
mechanism of miR-29a in HBV replication and
expression.

Core tip: Although aberrant miR-29a expression has
been found to be involved in the process of hepatitis B
virus (HBV) infection, its underlying mechanism remains
unclear. In this study, we analyzed the expression
levels of miR-29a in HBV-infected HepG2.2.15 cells.
Our results indicated that miR-29a expression was upregulated in HBV-associated hepatocellular carcinoma
cells. In addition, SMARCE1 was confirmed to be a
functional target of miR-29a. miR-29a promoted HBV
replication and expression through directly regulating
SMARCE1. These findings provide potential therapeutic
targets for patients with HBV infection.
Wu HJ, Zhuo Y, Zhou YC, Wang XW, Wang YP, Si CY, Wang
XH. miR-29a promotes hepatitis B virus replication and
expression by targeting SMARCE1 in hepatoma carcinoma.
World J Gastroenterol 2017; 23(25): 4569-4578 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i25/4569.htm
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INTRODUCTION
Hepatitis B virus (HBV) infection is a global public
[1]
health problem . HBV is a small encircled DNA virus
belonging to the Hepadnaviridae family. HBV infection
could cause either acute or chronic hepatitis, even
leading to liver cirrhosis and hepatocellular carcinoma
[2]
(HCC) . A previous study reported that 2 billion
people were infected with the HBV virus worldwide,
[3]
and more than 350 million were chronic HBV carriers .
Additionally, over 600000 deaths have been triggered
[4]
by HBV virus infection . Although some clinical drugs,
such as α-interferon and nucleoside analogs, could
inhibit HBV replication to some extent for treatment
of HBV infection, they could not induce persistent
antivirus immune response and completely clear HBV
in infected liver resulting from the existence of HBV
covalently closed circular DNA and drug-resistant HBV
[5-7]
mutants . Due to the suboptimality and incompletion
[8]
of the currently existing therapies for HBV infection ,
it is urgently necessary to elucidate the mechanisms
underlying HBV replication and to identify novel
molecular targets for HBV therapy.
microRNAs (miRNAs) are a class of small noncoding RNAs of 18 to 25 nucleotides in length, which
play crucial regulatory roles in various physiological
and pathological processes, especially in tumorigenesis
[9]
and cancer progression . These small RNAs function
as post-transcriptional regulators by imperfect base
pairing with the 3’-untranslated region (3’-UTR), coding
region or 5’-untranslated region (5’-UTR) of target
mRNAs, and usually lead to translational repression
[10,11]
or RNA degradation
. In addition, miRNAs could
also be used as a decoy interfering with the function

WJG|www.wjgnet.com

MATERIALS AND METHODS
Cell culture and transfection

Human HCC cell line HepG2 without HBV expression,
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human HCC cell line HepG2.2.15 with HBV expression
and HEK293T cells were obtained from the American
Type Culture Collection (ATCC, Manassas, VA, United
States). These cells were cultured in Dulbecco’s modified
Eagle’s medium (DMEM; Gibco, Grand Island, NY,
United States) supplemented with 10% fetal bovine
serum (FBS; Gibco) and 1% penicillin/streptomycin
(Invitrogen, Carlsbad, CA, United States) at 37 ℃ in
a humidified atmosphere containing 5% CO2. miRcontrol, miR-29a mimics, anti-miR-29a, pcDNA-control,
pcDNA-SMARCE1, si-control or si-SMARCE1 was
transfected into cells at the indicated concentrations
using Lipofectamine 2000 (Invitrogen) in accordance
with the manufacturer’s protocol.

core particles were extracted from hepatoma cell
lines and detected by Southern blotting, according
[30]
to the previously published protocols . HBV DNA
was extracted using the Column Viral DNAout kit
(TIANDZ, Beijing, China) following the manufacturer’s
protocol, and quantified by real-time PCR as described
[30]
previously . The levels of hepatitis B surface antigen
(HBsAg) and hepatitis B e antigen (HBeAg) were
determined using enzyme-linked immunosorbent
assay (ELISA) kits (Kehua Biotech, Shanghai, China).

Cell viability assays

HepG2.2.15 cells transfected with miR-29a mimics
or anti-miR-29a were cultured for 48 h, and then cell
viability was determined using the Cell Counting Kit-8
(Dojindo, Kumamoto, Japan).

Quantitative real-time PCR

Total RNA was isolated from HepG2 or HepG2.2.15
cells by using TRIzol Reagent (Invitrogen) following
the manufacturer’s instructions. cDNA was synthesized
by using a ImProm-II™ Reverse Transcription System
(Promega, Madison, WI, United States) according
to the manufacturer’s instructions. The expression
of miR-29a was detected by TaqMan miRNA assay
(Ambion, Austin, TX, United States), and U6 snRNA
was used as the internal control. The expression of
SMARCE1 mRNA was quantiﬁed by PrimeScript RT-PCR
Kit (TaKaRa, Shiga, Japan), and β-actin served as the
internal control. The primer sequences were as follows:
for miR-29a 5’-ACAGGATATCGCATTGTTGG-3’ (forward)
and 5’-TATACCACATGCAATTCAG-3’ (reverse); for
SMARCE1 5’-CGGCTTATCTGGTGGCTTT-3’ (forward)
and 5’-GGAGGGTCGGACATCAACAA-3’ (reverse);
for U6 5’-CTCGCTTCGGCAGCACA-3’ (forward) and
5’-AACGCTTCACGAATTTGCGT-3’ (reverse); for β-actin
5’-TGAGAGGGAAATCGTGCGTGAC-3’ (forward) and
5’-AAGAAGGAAGGCTGGAAAAGAG-3’ (reverse).
The relative expression of RNAs was calculated and
normalized using the ∆∆Ct method, relative to the
control gene. Each test was performed in triplicate.

Plasmid construction

The SMARCE1 expression construct was generated
by PCR amplification of SMARCE1 from HepG2 cDNA
using the following primers: forward, 5’-GTACGAATTC
CACCATGTCAAAAAGACCATCTTATGC-3’; reverse, 3’GAATAAGTGTTGCCTTGTTTTGTGCTCGAGACTG-5’. The
fragment was cloned into the pcDNA3.1 expression
vector using the EcoR I and Xho I restriction sites in the
multiple cloning site and sequence verified. For 3’-UTR
reporter plasmids, the 3’-UTR of SMARCE1 containing
the predicted miR-29a target site was amplified
by the primers (forward, 5’-GTACGCTAGCGGC
TCAGTCAGTCACCTTTC-3’; reverse, 3’-ATCTGGTCTCG
GGTGGAAACTCGAGACTG-5’), and then cloned into
a pGL3 reporter vector using the Nhe I and Xho I
restriction sites in the multiple cloning site.

Luciferase reporter assays

HEK293T cells were co-transfected with 50 nmol/L
miR-29a mimics or control miRNA and 0.4 µg of
pGL3 reporter vectors containing wild-type or mutant
3’-UTR of SMARCE1 using Lipofectamine 2000
(Invitrogen). pRL-CMV (Promega) was co-transfected
as a normalization control. Luciferase activities were
measured 48 h post-transfection using the DualLuciferase Reporter Assay System (Promega) according
to the manufacturer’s protocol.

Western blot analysis

Anti-SMARCE1 (Bethyl, Montgomery, TX, United
States) and anti-β-actin (Sigma-Aldrich, St Louis, MO,
United States) antibodies were used as monoclonal
rabbit antibodies. Cells were harvested and total
proteins were isolated with RIPA reagents (Thermo
Scientific, Rockford, IL, United States) following the
manufacturer’s instructions. Subsequently, protein
concentrations were quantified by using the BCA
protein assay kit (Thermo Scientific). Western blot
analysis was then performed following the previously
[29]
described protocol . The protein bands were
visualized and quantified using the ImageQuant
software (Molecular Dynamics, Sunnyvale, CA, United
States).

Statistical analysis

All data were presented as mean ± SD and analyzed
using SPSS 19.0 software (IBM Corp, Armonk,
NY, United States). The statistical significance was
calculated with the Student’s t-test or one-way ANOVA.
A P value of less than 0.05 was considered statistically
significant.

RESULTS
miR-29a is up-regulated and SMARCE1 is downregulated in HBV-infected HepG2.2.15 cells

HBV replication and gene expression analysis

The levels of miR-29a and SMARCE1 in HepG2 (NC)

HBV replicative intermediates from intracellular
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Figure 1 Expression of miR-29a and SMARCE1 in hepatitis B virus-infected HepG2.2.15 cells (n = 3). A and B: qRT-PCR analysis showed the expression levels
of miR-29a and SMARCE1 in HepG2.2.15 cells and HepG2 cells (NC); C and D: The protein level of SMARCE1 was detected and quantified by western blotting of
HepG2.2.15 cells and HepG2 cells (NC). Data represent the mean ± SD. aP < 0.05 vs NC.

or HepG2.2.15 cells were measured by qRT-PCR and
western blotting. The results showed that miR-29a
expression (Figure 1A) was significantly increased and
SMARCE1 mRNA (Figure 1B) and protein (Figure 1C
and D) were dramatically reduced in HepG2.2.15 cells
compared with HepG2 cells. These results suggested
that miR-29a and SMARCE1 may play some important
roles in HepG2.2.15 cells.

29a promoted HBV replication and expression in
HepG2.2.15 cells.

miR-29a has no effect on HepG2.2.15 cell viability

To further investigate whether miR-29a transfection
had effects on host cells, CCK-8 was used to detect
the cell viability of HepG2.2.15 cells transfected with
miR-control, miR-29a mimics or anti-miR-29a. The
CCK-8 assay showed that miR-29a mimics, as well as
anti-miR-29a, had no significant effect on HepG2.2.15
cell viability compared to respective controls (Figure
3A and B). These results indicated that miR-29a
transfection did not damage the host cells.

miR-29a promotes HBV replication and expression in
HepG2.2.15 cells

To examine whether miR-29a affected HBV replication
and expression, HepG2.2.15 cells were transfected
with miR-control, miR-29a mimics or anti-miR-29a,
respectively. The influence of miR-29a on HBV DNA
replication was measured by quantitative PCR (qPCR)
and Southern blot, while the expression levels of
HBsAg and HBeAg were detected by ELISA. The
qPCR and Southern blot analysis indicated that the
overexpression of miR-29a significantly increased the
HBV DNA replication, while the endogenous miR-29a
inhibition by anti-miR-29a obviously decreased its
replication compared with the controls (Figure 2A and
B). Moreover, ELISA assay demonstrated that miR-29a
overexpression significantly elevated the expression
levels of HBsAg and HBeAg, while the endogenous
miR-29a inhibition by anti-miR-29a markedly reduced
their expression levels compared with the controls
(Figure 2C). Together, these results implied that miR-

WJG|www.wjgnet.com

SMARCE1 suppresses HBV replication and expression
in HepG2.2.15 cells

To confirm the effect of SMARCE1 on HBV replication
and expression, HepG2.2.15 cells were transfected
with pcDNA-control, pcDNA-SMARCE1, si-control or siSMARCE1, respectively. Western blot analysis indicated
that SMARCE1 was overexpressed or down-regulated
after pcDNA-SMARCE1 or si-SMARCE1 transfection
(Figure 4A). The effect of SMARCE1 on HBV DNA
replication was measured by quantitative (q)PCR and
Southern blot, while the expression levels of HBsAg
and HBeAg were detected by ELISA.
The results of qPCR and Southern blot analysis
indicated that SMARCE1 overexpression significantly
reduced the HBV DNA replication (Figure 4B and E),
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while SMARCE1 knockdown dramatically increased its
replication (Figure 4C and D). Moreover, ELISA assay
revealed that SMARCE1 overexpression significantly
decreased the expression levels of HBsAg and HBeAg
(Figure 4F and G), while the si-SMARCE1 knockdown
notably enhanced their expression levels (Figure
4H and I). These results indicated that SMARCE1
suppressed HBV replication and expression.

confirm that SMARCE1 was directly targeted by miR29a. Results showed that miR-29a overexpression
significantly decreased the luciferase activity of the
wild-type reporter gene (WT), but not the mutant
reporter gene (MUT) (Figure 5B).
To further determine whether miR-29a can indeed
repress the expression of SMARCE1, HepG2.2.15
cells were transfected with miR-control, miR-29a
mimics or anti-miR-29a, and then the mRNA and
protein levels of SMARCE1 were detected by qRTPCR and western blot, respectively. Results displayed
that miR-29a overexpression significantly lowered
the protein level of SMARCE1 and miR-29a inhibition
significantly promoted the protein level of SMARCE1
(Figure 5D and E), and that miR-29a overexpression
or inhibition had no obvious effects on the mRNA level
of SMARCE1, which indicated that miR-29a suppressed
SMARCE1 expression at the post-transcriptional level.
Taken together, these results illuminated that miR-29a
directly targeted 3’-UTR of SMARCE1 to regulate its
expression in HepG2.2.15 cells.

SMARCE1 is directly targeted by miR-29a in HepG2.2.15
cells

Considering that the expression and function of miR29a and SMARCE1 were inverse and that miRNAs play
their roles by targeting specific target, we speculated
that miR-29a might promote HBV replication and
expression by regulating the expression of SMARCE1.
Therefore, miRNA target analysis tools TargetScan and
PicTar were used to predict the potential targets of
miR-29a. The results showed that 3’-UTR of SMARCE1
contained the binding sequence of miR-29a (Figure
5A). Then, dual-luciferase reporter assay was used to
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Figure 6 miR-29a promotes hepatitis B virus replication and expression by targeted regulation of SMARCE1 (n = 3). HepG2.2.15 cells were transfected with
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miR-29a promotes HBV replication and expression by
regulating SMARCE1

therapeutic targets and strategies must be identified
and developed. Recently, studies on miRNAs have
provided novel insights into the potential cure of HBV
infection. Moreover, a growing number of works have
revealed that miRNAs play critical roles in the HBV
[16-18]
replication and expression processes
. However,
their underlying molecular mechanisms remain to be
further elucidated.
In our study, we explored the role of miR-29a in
the regulation of HBV replication and expression. We
found that the expression of miR-29a was significantly
up-regulated in the HBV-infected HCC cell line
HepG2.2.15. Overexpression of miR-29a increased
the HBV replication and expression, while miR-29a
knockdown decreased the replication and expression
of HBV. These results suggested that miR-29a could
be a promising diagnostic biomarker and therapeutic
target for HBV infection.
Recent studies indicated that the host cellular
miRNAs could regulate the HBV replication and
expression by directly targeting HBV transcripts or
indirectly targeting HBV transcription regulatory factors

To clarify whether miR-29a promoted HBV replication
and expression through regulating SMARCE1,
HepG2.2.15 cells were transfected with miR-control
or miR-29a mimics or co-transfected miR-29a mimics
with pcDNA-control or pcDNA-SMARCE1. The results
showed that miR-29a overexpression strikingly
augmented HBV replication, whereas co-transfection
of pcDNA-SMARCE1 attenuated the effect of miR-29a
on HepG2.2.15 cells (Figure 6A and B). As shown in
Figure 6C and D, miR-29a overexpression evidently
enhanced HBsAg and HBeAg expression, whereas cotransfection of pcDNA-SMARCE1 significantly restored
the effect of miR-29a on HBsAg and HBeAg expression
in HepG2.2.15 cells. These results demonstrated that
miR-29a promoted HBV replication and expression
through targeting SMARCE1 in HepG2.2.15 cells.

DISCUSSION
To improve the treatment of HBV infection, new
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needed for HBV transcription . For instance, Zhang
[17]
et al
showed that miR-199a-3p targeted the coding
regions of HBsAg and miR-210 specifically bound to the
preS1 region of HBV, and they were further confirmed
to inhibit HBV replication and expression through
[16]
directly targeting HBV RNA. Potenza et al also found
that miR-125a-5p interacted with the RNA encoded by
HBV surface antigen, eventually reducing the secretion
[32]
of HBsAg. Wu et al
reported that miR-7, miR-196,
miR-433 and miR-511 might directly target HBV DNA
polymerase and surface antigen genes, and miR-205
and miR-345 could target HBx and the pre-core gene,
[33]
respectively. In addition, Wang et al demonstrated
that miR-155 could promote HBV enhancer II activity
in a dose-dependent manner by directly targeting
[30]
CEBP-β. Zhang et al confirmed that miR-1 improved
farnesoid X receptor alpha (FXRA) expression and
enhanced HBV core promoter transcription activity.
Furthermore, HCC cell proliferation and cell cycle
arrest modulated by miR-29a may also influence HBV
[34]
replication and gene expression . In the present
study, we found that miR-29a was up-regulated in the
HCC cell line HepG2.2.15, consistent with findings from
[27]
a previous study . However, the possible influencing
mechanism of miR-29a on HBV replication and
expression was not illustrated. Our study enriches the
miRNAs and HBV-host interaction theory.
SMARCE1 is a member of the SWI/SNF family of
chromatin-remodeling complexes, playing key roles
in transcriptional control. A previous study reported
that SWI/SNF was recruited to neuronal genes by
the CoREST corepressor, interacting with the DNA
[35]
binding repressor . In another study, the potential
tumor suppressor, prohibitin, was implied to recruit
SWI/SNF to a particular E2F-dependent promoter and
[36]
inhibit E2F-mediated transcription . However, the
role of SMARCE1 in HBV replication and expression
was largely unknown. In the present study, we found
that overexpression of SMARCE1 decreased the HBV
replication and expression, while inhibition of SMARCE1
increased the HBV replication and expression. SMARCE1
repressed HBV replication through binding to the mutant
[28]
core promoter of HBV in HepG2 cells , which also
revealed that SMARCE1 could repress HBV replication;
however, the functional mechanism of SMARCE1
involved in HBV replication may be different from that
observed in our study. Furthermore, a dual-luciferase
assay was performed and SMARCE1 was verified to be
a target of miR-29a and was regulated by miR-29a at
the protein levels. Restoration of SMARCE1 expression
by pcDNA-SMARCE1 recuperated the promoting effect
of miR-29a on the HBV replication and expression.
These findings suggested that miR-29a promoted HBV
replication and expression by targeted inhibition of
SMARCE1 expression, providing a theoretical foundation
for the clinical application of miRNAs in therapy of HBV
infection.
In summary, the expression of miR-29 was upregulated in the HCC cell line HepG2.2.15 infected
with HBV. Aberrantly expressed miR-29a affected
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the HBV replication and expression at least partially
by targeted inhibition of SMARCE1 expression. Our
findings suggest that the inhibition of miR-29a could
be a promising therapeutic strategy for the treatment
of patients with HBV infection.
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Abstract

Institutional review board statement: The research
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AIM
To evaluate outcome of acute management and risk of
rebleeding in patients with massive hemorrhage due to
hepatocellular adenoma (HCA).

Informed consent statement: Informed consent was waived
by the local institutional review board.

METHODS
This retrospective cohort study included all consecutive
patients who presented to our hospital with massive
hemorrhage (grade Ⅱ or Ⅲ) due to ruptured HCA
and were admitted for observation and/or inter
vention between 1999-2016. The diagnosis of HCA
was based on radiological findings from contrastenhanced magnetic resonance imaging (MRI) or
pathological findings from biopsy or resection of the
HCA. Hemorrhage was diagnosed based on findings
from computed tomography or MRI. Medical records
were reviewed for demographic features, clinical
presentation, tumor features, initial and subsequent
management, short- and long-term complications and
patient and lesion follow-up.
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RESULTS
All patients were female (n = 23). Treatment in
the acute phase consisted of embolization (n = 9,
39.1%), conservative therapy (n = 13, 56.5%), and
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other intervention (n = 1, 4.3%). Median hemoglobin
level decreased significantly more on days 0-3 in the
intervention group than in the patients initially treated
conservatively (0.9 mmol/L vs 2.4 mmol/L respectively,
P = 0.006). In total, 4 patients suffered severe shortterm complications, which included hypovolemic shock,
acute liver failure and abscess formation. After a
median follow-up of 36 mo, tumor regression in nonsurgically treated patients occurred with a median
reduction of 76 mm down to 25 mm. Four patients
underwent secondary (elective) treatment (i.e. , tumor
resection) to address HCA size of > 5 cm and/or desire
for future pregnancy. One case of rebleeding was
documented (4.3%). None of the patients experienced
long-term complication (mean follow-up time: 36 mo).

less than 2 years of OC use .
HCAs are most often asymptomatic and discovered
during radiologic imaging of the abdomen for un
related reasons. The best way to diagnose HCA is
with contrast-enhanced magnetic resonance imaging
[4]
(MRI) . In the past decade, much has changed in
terms of diagnosis and treatment of HCA, due to the
[5,6]
discovery of various subtypes of this tumor . The
change in treatment strategy is ongoing, due to the
apparent differences in risks of complications for the
various subtypes.
As HCAs are well vascularized tumors, hemorrhage as documented on imaging - is a common complication,
occurring in approximately 25% of the patients with
[7]
HCA . OC use, tumor size of > 5 cm, exophytic growth
of the tumor and inflammatory subtype (I-HCA) are
[7,8]
associated with a higher risk of bleeding . Most
hemorrhages are intratumoral; however, in cases
of massive bleeding, rupture of the HCA can occur,
resulting in intraparenchymal hemorrhage and
subcapsular hematoma. In some cases, the liver
capsule can rupture, causing hemoperitoneum.
Hemorrhagic HCAs cause symptoms such as acuteonset right upper abdominal pain and discomfort.
In cases of tumor rupture and excessive bleeding,
patients may present with hemodynamically unstable
conditions and even may show signs of hypovolemic
[3]
shock. This complication can be life threatening .
Another rare complication of HCAs, not related
to risk of bleeding, is malignant degeneration to
hepatocellular carcinoma, which occurs mostly in
[9]
β-catenin-positive HCA . As both hemorrhage and
malignant degeneration arise especially in adenomas
> 5 cm in size, surgical resection is recommended
for HCA which do not regress by 6 mo after cessation
of OC and following lifestyle changes, such as weight
[10-13]
reduction in overweight patients
.
The management policy for acute bleeding of
ruptured HCA has changed over the past years. In
the acute phase, a conservative management and
[14]
hemodynamic stabilization is justified . In case of
active bleeding with persistent hemodynamic instability
[7]
or hemoperitoneum, intervention may be considered .
Liver resection in the acute phase is associated with
increased morbidity and mortality and, therefore, not
[15]
advisable . Laparotomy and gauze packing of the
liver had been recommended until the introduction
of minimally-invasive techniques. The advent of
selective arterial embolization (SAE) 10 years ago
has now allowed for patients to be treated even less
[16,17]
invasively
. An unanswered question, however,
remains in regards to the chance of rebleeding and,
correspondingly, the need for elective tumor resection.
In this study, we evaluated the outcome of acute
management in patients with massive hemorrhage due
to ruptured HCA and its sequelae, including the risk of
rebleeding and need for elective tumor resection.

CONCLUSION
With a 4.3% risk of rebleeding, secondary (elective)
treatment of HCA after massive hemorrhage may only
be considered in patients with persistent HCA > 5 cm.
Key words: Hepatocellular adenoma; Management;
Bleeding; Outcome; Hemorrhage
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: As massive bleeding due to ruptured
hepatocellular adenoma (HCA) is rare, we present
a unique series of 23 consecutive patients. To our
knowledge, this is the first study to assess the outcome
and sequelae of the massive bleeding complication,
including risk of rebleeding and need for elective tumor
resection. In our series, risk of rebleeding was 4.3%
and most HCAs regressed spontaneously. No long-term
complications were documented. These cases suggest
that a wait-and-watch policy may be legitimate and
secondary (elective) treatment may only be considered
for persistent HCA > 5 cm after follow-up and/or for
patients with desire for future pregnancy.
Klompenhouwer AJ, de Man RA, Thomeer MGJ, Ijzermans
JNM. Management and outcome of hepatocellular adenoma with
massive bleeding at presentation. World J Gastroenterol 2017;
23(25): 4579-4586 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i25/4579.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i25.4579

INTRODUCTION
Hepatocellular adenoma (HCA) is a rare benign
liver tumor that occurs mostly in women in their
reproductive phase. An association with the estrogencontaining oral contraceptive (OC) was first described
[1,2]
in 1973 . Currently, the estimated annual incidences
are 30-40 per million in long-term (> 2 years) OC
users and 1 per million in non-users or women with
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A

B

C

Figure 1 Representative case of grade Ⅱ bleeding hepatocellular adenoma involving a 23-year-old female who presented at the emergency department
with an acute hematoma in the right liver lobe. A: Computed tomography without intravenous contrast shows a hyperdense fluid collection in the liver (triangle); B:
Some months later after conservative treatment, the collection appeared hyperintense on T2-weighting, with a hemosiderin ring surrounding the collection (arrow); C:
At the same time, the collection appeared hyperintense on T1-weighting.

over time.
On CT, the density of a hematoma is determined
by the time elapsed after the initial event. In the acute
phase, a hematoma is hyperdense, becoming more
isodense in the chronic phase. On MRI, the intensity of
a hematoma also changes over time. On T1-weighting,
hematoma is hyperintense in the beginning, becoming
more and more isointense in the chronic phase. On
T2-weighting, a hematoma starts as hyperintense
and resolves in the chronic phase with zones devoid
of signal (visualized as black space) due to deposition
of hemosiderin, and which occurs mostly in the
[18]
periphery (Figures 1 and 2).

MATERIALS AND METHODS
Study design

This study was a retrospective cohort study performed
in a tertiary referral center for focal liver lesions. With
the availability of a large HCA cohort, consisting of 449
patients, we selected all patients who presented with
massive hemorrhage as a result of ruptured HCA and
who were admitted to a hospital ward for observation
and/or intervention between January 1999 (the start
of the database) and April 2016, with follow-up time of
at least 6 mo.
This study was approved by the accredited local
institutional review board (No. MEC-2016-338) and
informed consent was waived.

Data collection for analysis

HCA subtyping - for steatotic, inflammatory, β-cateninpositive and unclassified HCA - was determined based
on findings of immunohistochemistry or of the typical
[19-21]
MRI features
. In cases that the HCA subtype was
not able to be established by MRI or biopsy, previous
available MRI scans were reviewed by an experienced
radiologist.
Medical records were reviewed to collect each
patient’s demographic features, clinical presentation,
tumor features, initial and subsequent management
(including surgery or intervention techniques), shortand long term complications and patient and lesion
follow-up. If patients had been referred to our center
by another hospital, we requested the data from the
referring hospital, with consent of the patient.

Patient selection

Massive hemorrhage was defined as intrahepatic
(grade Ⅱ) or intraperitoneal (grade Ⅲ), as reported
[8]
by Bieze et al in 2014. Patients with intratumoural
hemorrhage (grade Ⅰ) were excluded from this study.
The diagnosis of HCA was based on radiological
findings from contrast-enhanced magnetic resonance
imaging (MRI) or pathological findings from biopsy
or resection of the HCA. Hemorrhage was diagnosed
based on findings from computed tomography (CT) or
MRI. Hepatocellular carcinoma - the main competing
differential diagnosis - was excluded by occurrence
of tumor regression after hemorrhage, absence of
progression in diameter and lack of metastatic disease
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Figure 2 Representative case of grade Ⅲ bleeding hepatocellular adenoma involving a 28-year-old female who presented at the emergency department.
A: Coronal computed tomography (CT) image in arterial phase shows a large hematoma in the left liver lobe (arrow); B: On the axial CT slice different bleeding
adenomas are present in both lobes (arrows). Extracapsular peritoneal bleeding around the stomach is seen (triangle); C: One year later on magnetic resonance
imaging in the venous phase all adenomas have decreased significantly in size.

Statistical analysis

The subtype was not defined in all other patients.

All statistical analyses were performed using SPSS
software, version 21.0 (IBM, Armonk, NY, United
States). All non-normal distributed variables were
summarized as median and interquartile range (IQR);
binary variables were summarized as frequency (n).
Differences between groups were investigated using
the Mann-Whitney U test for continuous variables. A
P value of < 0.05 was considered as the threshold for
significance.

Initial presentation and treatment

In all 23 patients, hemorrhage was the first pre
sentation, and none of the patients were diagnosed
as having HCA before the bleeding. Fifteen out of
the 23 patients (65.2%) were hemodynamically
stable at presentation, and one patient presented
with hypovolemic shock. A total of 13 patients
(56.5%) were treated conservatively. Nine patients
(39.1%) underwent SAE in the acute phase, and
one of them also underwent an acute resection due
to persistent bleeding after the SAE. One patient
underwent ultrasound-guided drainage of a presumed
liver abscess, through which massive bleeding was
found. Additional imaging for this patient showed an
undetermined liver tumor, which prompted the patient
referral to our hospital, where we confirmed the tumor
to be an HCA.
Comparison of the patients initially treated con
servatively to those treated with intervention showed
no statistically significant differences for age, median
HCA diameter, median follow-up time, median hospital
stay nor median hemoglobin level at presentation.
However, the intervention group showed a statistically
greater reduction in median hemoglobin level on day
0-3 compared to the conservative treatment group
(0.9 mmol/L vs 2.4 mmol/L respectively, P = 0.006)

RESULTS
Study population and case characteristics

We assessed 23 consecutive patients who were
admitted to hospital for massive intrahepatic hemorr
hage or hemoperitoneum due to ruptured HCA (Table
1). All patients were female, with a median age
of 34-years-old (IQR: 30-44 years). Fifteen of the
patients presented with grade Ⅱ hemorrhage, and 8
with grade Ⅲ hemorrhage. The median lesion size was
76 mm (IQR: 55-92 mm), with 14/23 (60.8%) located
in the right or left lateral liver and the remaining 9/23
(39.1%) located in the right medial or central liver
(Table 2). Nineteen out of the 23 patients (82.6%)
used OCs at the time of presentation. Two patients had
an I-HCA, and a third patient had both an I-HCA as well
as a H-HCA (steatotic), of which the I-HCA ruptured.
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Table 1 Clinical features at presentation
Case no.

Age (yr)

OC use

Initially conservatively treated
1
49
Yes
2
43
Yes
3
30
Yes
4
36
No
Stopped 12 mo
prior to bleeding
5
33
Yes
6
23
Yes
7
30
Yes
8
39
Yes
9
43
Yes
10
44
Yes
11
49
Yes

12
31
Yes
13
33
Yes
Initially treated with intervention
14
22
Unknown
15

33

16
17

24
36

18
19
20

48
48
34

21
22
23

Type of
Initial
bleeding, grade management
Ⅱ
Ⅲ
Ⅱ
Ⅱ

Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅲ
Ⅱ
Ⅲ

Ⅱ
Ⅲ
Ⅲ

No
Stopped 18 mo
prior to bleeding
Yes
Yes

Ⅲ

Ⅱ

30

Yes
Yes
No
Stopped 7 mo
prior to bleeding
Yes

56
20

Yes
Yes

Ⅲ
Ⅱ

Ⅲ

Unknown

Ⅱ
Ⅱ
Ⅲ

ICU

Blood
products

Hospital stay
(d)

Short-term complications

Cons.
Cons.
Cons.
Cons.

No
Yes
No
No

No
Yes
No
No

19
7
7
19

-

Cons.
Cons.
Cons.
Cons.
Cons.
Cons.
Cons.

No
Yes
No
No
No
No
Yes

No
Yes
No
No
Yes
No
Yes

8
28
12
9
14
13
61

Cons.
Cons.

No
No

No
No

10
13

Hypovolemic shock, respiratory
insufficiency, kidney failure,
abdominal compartment
syndrome
-

SAE +
resection
SAE

No

Yes

40

Yes

Yes

Unknown

SAE
SAE

Yes
Yes

Yes
No

18
22

SAE
SAE
SAE

No
Yes
Unknown

No
No
Unknown

10
6
Unknown

Acute liver failure after SAE left
and right hepatic artery
-

US-guided
drainage
SAE
SAE

No

No

10

-

Yes
No

No
Yes

Unknown
33

Rebleed after 3 mo, drainage
hepatic abscess, drainage pleural
effusion

Postoperative abdominal abscess,
drainage pleural effusion
-

ICU: Intensive care unit; OC: Oral contraceptive; SAE: Selective arterial embolization; US: Ultrasound.

(Table 2).

kidney failure and abdominal compartment syndrome.
This was a patient who had recent history of oral
anticoagulants for treatment of deep vein thrombosis.
Initially, her case was classified as venous hemorrhage
due to an excessively high INR, and therefore she
was treated conservatively. After recovery, she was
referred to our hospital and the diagnosis of HCA was
only made upon liver imaging after the hematoma had
become, more or less, absorbed. The total duration of
hospital stay for this patient was 61 d.

Short-term complications

Of the 23 patients, 4 (17.4%) suffered severe
short-term complications (Table 1). In 2 patients,
abscesses developed after embolization or resection,
necessitating additional percutaneous drainage and
resulting in hospital stays of 33 and 40 d respectively.
One patient suffered acute liver failure after SAE,
affecting both the left and right hepatic artery, with
laboratory tests showing increases in aspartate
transaminase (350-fold), alanine transaminase
(170-fold), bilirubin (5.4-fold), lactate (4.5-fold) and
the international normalized ratio (INR; 1.8-fold).
Spontaneous recovery occurred within 5 d, and the
total duration of hospital stay for this patient was 22 d.
The patient who presented with major hypovolemic
shock was treated conservatively and suffered major
hemoperitoneum, resulting in respiratory insufficiency,

WJG|www.wjgnet.com

Elective treatment and follow-up

Median follow-up time was 36 mo (IQR: 15-79 mo).
One patient underwent elective resection, 1 underwent
elective SAE and 2 underwent elective radiofrequency
ablation (RFA) to address residual HCA (Table 3).
These patients either had residual HCA of > 5 cm in
size or a smaller lesion but with an expressed desire
for future pregnancy. Out of the total 23 patients in
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Table 2 Demographics and features of patients treated conservatively or with intervention
Initial conservative, n = 13

Initial intervention, n = 10

Total, n = 23

P value

36 (30.5-43.5)
76 (55-101.5)

33.5 (23.5-48.0)
76.5 (51.3-92.5)

34 (30-44)
76 (55-92)

0.563
0.648

66 (23-87)

22.5 (12.8-60.3)

36 (15-79)

0.257
0.349

9
4
13 (8.5-19)
8.0 (6.0-8.4)

5
5
18 (10-33)
7.5 (7.0-8.0)

15
8
13 (9.3-21.3)
7.6 (7.0-8.1)

0.588
0.710

0.9 (0-1.7)

2.4 (1.6-3.5)

1.6 (0.4-2.4)

0.0061

Median age (yr)
Median HCA diameter at
diagnosis (mm)
Median follow-up time (mo)
Type of bleeding
Grade Ⅱ
Grade Ⅲ
Median hospital stay (d)
Median Hb level at
presentation (mmol/L)
Median decrease Hb day 0-3
(mmol/L)
1

Statistically significant. Values are given as median (IQR).

the study, 18 (78.3%) were kept under surveillance
for > 6 mo, all showing regression of the tumor from
a median diameter of 76 mm (IQR: 55-92 mm) to 25
mm (IQR: 17.3-41.5 mm).
Rebleeding was reported in one patient (4.3%),
which occurred 3 mo after the initial hemorrhage. This
was the only patient in whom OC was continued after
the first bleeding because the underlying etiology of
the hemorrhage had not yet been established. After
the rebleeding, the patient was referred to our tertiary
center and the diagnosis of HCA was made. The
rebleeding was also managed with a wait-and-watch
policy, and cessation of OC lead to regression of the
HCA.
None of the patients in this study had long-term
complications. Out of the 9 patients who did not have
any treatment (initial or elective), 2 became pregnant.
In the first patient, the HCA showed growth from 46
mm to 65 mm, but no hemorrhage occurred during
pregnancy and after the delivery the HCA regressed.
In the second patient, the lesion remained stable in
size (30 mm) throughout the pregnancy.

patients who developed complications after SAE; and
1 patient who developed postoperative complications
after both SAE and resection in the acute phase. All
complications resulted in longer hospital stay; however,
no long-term complications were documented.
After a median follow-up time of 36 mo, all tumors
under surveillance showed spontaneous regression, with
a median size decrease from 76 mm at presentation to
25 mm at last follow-up. This finding is comparable to
the regression reported for non-hemorrhagic HCA after
[10,11]
OC discontinuation
. Only 1 case of rebleeding was
reported (4.3%) in a patient who did not discontinue
OC, and this occurred at 3 mo after the initial bleed.
Secondary treatment, such as elective tumor resection,
SAE or RFA, was only performed in patients with HCA
> 5 cm in size after follow-up and/or in patients with an
expressed desire for future pregnancy.
This study, however, did not establish whether
hemorrhagic HCA should remain in regular follow-up or
when, if ever, it will be safe to end surveillance. Most
lesions are > 5 cm at the moment of hemorrhage,
causing at least a part of the vital adenoma tissue
to become necrotic. Therefore, we are unsure if the
higher risk of malignant degeneration in HCA > 5 cm
is still present in hemorrhagic HCA; indeed, it might be
advisable to keep these patients in regular follow-up.
It is important to establish an optimal treatment
plan for patients with ruptured HCA, as hemorrhage
[7]
is a frequent complication of lesions > 5 cm . In
[14]
2006, Erdogan et al
conducted a study assessing
management and outcome in patients treated for
ruptured HCA, in which they compared laparotomy
and gauze packing with observation. Their results
suggested that stable patients could be treated
conservatively and that resection of the HCA in the
acute situation is accompanied by a higher morbidity.
[16]
With the advent of SAE a decade ago, Stoot et al
conducted a small cohort study including 11 patients,
which established the safety and efficacy of SAE for
the treatment of ruptured HCA. Recently, the European
Association for Study of the Liver issued a European
clinical practice guideline for the management of

DISCUSSION
In this retrospective cohort study, we evaluated
the outcome of acute management of patients with
massive hemorrhage due to ruptured HCA and
confirmed that a conservative approach is justified
in the acute situation if there is a hemodynamically
stable condition. In the case of persistent bleeding,
SAE can be a solution. Our cohort showed a significant
difference in median decrease in hemoglobin level
when the conservatively-treated group was compared
to the group of patients who underwent initial
intervention, with a greater decrease (median: 2.4
mmol/L) occurring in the intervention group. Four
patients in our study suffered the following severe
short-term complications: 1 patient who had used oral
anticoagulants and then presented with hypovolemic
shock developed respiratory insufficiency, kidney
failure and abdominal compartment syndrome; 2

WJG|www.wjgnet.com

4584

July 7, 2017|Volume 23|Issue 25|

Klompenhouwer AJ et al . Outcome of massive bleeding in HCA
patients, the HCA subtype remained unknown. This is
most likely the result of the hemorrhage itself, which
makes it very difficult to distinguish HCA subtypes
according to imaging characteristics. As we only
knew the subtype for 3 of the patients in our study
population (all I-HCA), we cannot make a judgement
about the distribution of the various subtypes and
the relationship to the different variables. Previous
studies have shown that the risk for hemorrhage is
[8]
the greatest in I-HCA , which was confirmed in our
population.
It was noticed that in our study 60.8% of the
ruptured HCA were located in the right or left lateral
liver, and the remaining 39.1% were located medial or
central. This does not entirely correspond to the study
[8]
by Bieze et al that was conducted in 2014, in which
those authors identified HCA located in the left lateral
liver as a risk factor for hemorrhage. It is thought
that the medial or central location and maximum
surrounding liver tissue prevent rupture of the HCA by
tamponade. Our study likewise suggests that medial or
centrally located HCA may cause hemorrhage as well.
The biggest limitation of this retrospective study
is the design, which has inherent bias. By requesting
data from all of the treatment hospitals, the proportion
of missing data was kept to a minimum. In addition,
hemorrhage makes the measurement of HCA
diameter more difficult and less reliable. Therefore, the
reported median diameter of 76 mm for the HCAs at
presentation might be an overestimation.
In conclusion, this study confirmed that patients
with massive hemorrhage due to ruptured HCA but
with cessation of bleeding and in stable condition may
be treated conservatively in the acute situation. SAE
can be a solution for unstable patients with persistent
bleeding and decreasing hemoglobin levels. No longterm complications were documented. As the risk of
rebleeding is very low after cessation of OC and most
HCAs regress spontaneously, secondary treatments,
such as tumor resection, SAE or RFA, may only be
considered in patients with HCA > 5 cm after followup or in patients with an expressed desire for future
pregnancy. However, regular follow-up by imaging in
these patients should be considered.

Table 3 Tumor features and follow-up
Case no.

Diameter HCA
at diagnosis
(mm)

Location of
HCA

Last known
Elective
treatment of HCA diameter
(mm)
HCA

Initially conservatively treated
1
200
Right lateral Surveillance
(sVI/VII)
2
76
Right lateral Surveillance
(sVI/VII)
3
60
Right lateral Surveillance
(sVI)
4
80
Right medial Surveillance
(sVIII)
5
80
Right lateral
Resection
(sVI)
6
75
Right lateral
RFA
(sVI/VII)
7
75
Right lateral Surveillance
(sVI/VII)
8
143
Right medial Surveillance
(sVIII)
9
45
Right medial Surveillance
(sV/VIII)
10
39
Right lateral Surveillance
(sVII)
11
50
Right medial Surveillance
(sV)
12
92
Right lateral Surveillance
(sVI/VII)
13
111
Left lateral
Surveillance
(sII/III)
Initially treated with intervention
14
90
Central
No adenoma
(sIV/VIII)
tissue after
resection
15
55
Right medial Surveillance
(sVIII)
16
40
Right medial
RFA
(sV/VIII)
17
73
Central
Surveillance
(sIV/VIII)
18
80
Right lateral Surveillance
(sVI/VIII)
19
100
Left lateral
Surveillance
(sII/III)
20
100
Central
SAE
(sIV/V/VIII)
21
55
Right lateral Surveillance
(sVII)
22
25
Left lateral
Surveillance
(sIII)
23
87
Right lateral Surveillance
(sVII)

6
22
26
53
0
8
35
40
18
21
43
92

-

20
0
40
24
45
42
38
17
62

COMMENTS
COMMENTS

RFA: Radiofrequency ablation; s: Liver segment; SAE: Selective arterial
embolization. HCA: Hepatocellular adenoma.

Background

Hepatocellular adenoma (HCA) is a rare benign liver tumor that may present
with spontaneous massive hemorrhage.

[13]

benign liver tumors . In this guideline, patients
with massive hemorrhage due to ruptured HCA are
recommended to be transferred to a center with an
interventional radiology department and the possibility
to perform SAE.
To the best of our knowledge, this study presented
herein is the first to assess outcome and risk of
rebleeding in patients with massive hemorrhage due to
ruptured HCA. Unfortunately, for most of the included

WJG|www.wjgnet.com

Research frontiers

This study provides unique insights into the outcome of acute management
of these patients and the sequelae of massive bleeding, including risk of
rebleeding and need for elective tumor resection.

Innovations and breakthroughs

To the best of our knowledge, this is the first study assessing the outcome and
the sequelae of massive bleeding, including the risk of rebleeding and need for
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elective tumor resection, in this patient population. As massive bleeding due to
ruptured HCA is rare, we present a unique series of 23 cases.

Applications

This study confirms that patients with massive hemorrhage due to ruptured
HCA, but with cessation of bleeding and in stable condition, may be treated
conservatively in the acute situation. Embolization can be a solution for
unstable patients with persistent bleeding and decreasing hemoglobin levels.
As the risk of rebleeding is very low after cessation of OC and most HCAs
regress spontaneously, secondary treatment may only be considered in patients
with HCA > 5 cm after follow-up or in patients with an expressed desire for
pregnancy. However, regular follow-up by imaging in these patients should be
considered.

10

11

Terminology

HCA is a rare benign liver tumor related to use of estrogen-containing oral
contraceptives, and which may present with spontaneous massive hemorrhage.

12

Peer-review

13

This is an interesting clinically relevant study. It is well conducted and well
written. The outcome is useful in the clinical management of HCA.
14
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Abstract

Institutional review board statement: This study was
reviewed and approved by the Institutional Review Board of
Mennonite Christian Hospital in Taiwan.

AIM
To investigate the association of chronic hepatitis B and
nonalcoholic steatohepatitis with physical fitness in a

Informed consent statement: Participants were not required
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Taiwanese military male cohort.

Chronic hepatitis B, nonalcoholic steatohepatitis and physical
fitness of military males: CHIEF study. World J Gastroenterol
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METHODS
We made a cross-sectional examination of this
association using 3669 young adult military males
according to cardiorespiratory fitness and hospitalization
events recorded in the Taiwan Armed Forces study.
Cases of chronic hepatitis B (n = 121) were defined by
personal history and positive detection of hepatitis B
surface antigen. Cases of nonalcoholic steatohepatitis
(n = 129) were defined by alanine transaminase level
> 60 U/L, liver ultrasound finding of steatosis, and
absence of viral hepatitis A, B or C infection. All other
study participants were defined as unaffected (n =
3419). Physical fitness was evaluated by performance
in 3000-m run, 2-min sit-ups, and 2-min push-ups
exercises, with all the procedures standardized by a
computerized scoring system. Multiple linear regression
analysis was used to determine the relationship.

INTRODUCTION
According to the Taiwan Health and Welfare Report
[1]
in 2015 , there were 2.5 million adult carriers of
hepatitis B in Taiwan, with a prevalence of 15%-20%.
In 1984, Taiwan launched a nationwide vaccination
program to control the form of hepatitis caused
[2]
by hepatitis B virus . Over the next 10 years, this
program successfully reduced the rate of hepatitis B
[3]
carriers among children, from 10% to < 1% .
As is well known, chronic hepatitis B is associated
with higher risk of liver cirrhosis and hepatocellular
carcinoma. In addition, hepatitis B infection in the
presence of liver dysfunction has been associated
with higher risk of hemorrhagic stroke, but with lower
[4]
risk of myocardial infarction and ischemic stroke .
However, the association between hepatitis B and
incident cardiovascular events is null as long as liver
[4]
function is preserved .
Besides viral hepatitis, liver damage is usually
related to non-viral etiologies, such as cholestasis,
steatosis, drugs or alcohol, and systemic hypoperfusion. These hazardous agents may cause hepatic
necrosis, leading to increased liver enzymes in
circulation, including that of aspartate transaminase
(AST) and alanine transaminase (ALT). However,
elevated AST levels are not only found with liver
parenchymal damage but also occur upon cardiac
or skeletal muscle injury. Elevated ALT levels, on the
[5]
other hand, are much more specific to liver damage .
In general, > 1.5-fold increase over the upper normal
[6]
limit of ALT is indicative of active hepatitis .
Nonalcoholic steatohepatitis (NASH), a severe
type of nonalcoholic fatty liver disease (NAFLD), is a
growing endemic liver disease, especially in developed
countries. Characterized by elevated ALT levels and
fat infiltration of the liver, NASH and NAFLD are
highly related to metabolic diseases, such as obesity,
[7]
dyslipidemia, hyperuricemia and type 2 diabetes .
In East Asian countries, the prevalence of NAFLD
in middle-aged adults varies from 11.5% to 23.3%
and that in children or teenagers ranges from 3.4%
[8,9]
to 5.2% . High levels of ALT are correlated with
[10,11]
a higher risk of NASH
, and similar to chronic
hepatitis B-NASH is one of the major causes of liver
cirrhosis and hepatoma in Taiwan. NASH is also a risk
[12]
factor of ischemic cardiovascular disease .
Previous studies have demonstrated that both
chronic hepatitis B and NASH or NAFLD are associated
with a pre-sarcopenia and sarcopenia status in
[13-15]
middle- and old-aged populations
. However,

RESULTS
Chronic hepatitis B negatively correlated with 2-min
push-up numbers (β = -2.49, P = 0.019) after adjusting
for age, service specialty, body mass index, systolic and
diastolic blood pressures, current cigarette smoking,
alcohol intake status, serum hemoglobin, and average
weekly exercise times. Nonalcoholic steatohepatitis was
borderline positively correlated with 3000-m running
time (β = 11.96, P = 0.084) and negatively correlated
with 2-min sit-up numbers (β = -1.47, P = 0.040).
CONCLUSION
Chronic hepatitis B viral infection and nonalcoholic
steatohepatitis affects different physical performances
in young adult military males, and future study should
determine the underlying mechanism.
Key words: Chronic hepatitis B; Military cohort; Physical
fitness; Nonalcoholic steatohepatitis
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Core tip: We investigated the association of chronic
hepatitis B and nonalcoholic steatohepatitis with
physical fitness in a large population of young adult
Taiwanese military males. The results demonstrated
that men with chronic hepatitis B had fewer 2-min
push-up numbers than unaffected men, whereas men
with nonalcoholic steatohepatitis had longer time
to complete a 3000-m run and fewer 2-min sit-up
numbers than unaffected men. Our findings suggest
that chronic hepatitis B and nonalcoholic steatohepatitis
might influence different physical performances. The
mechanisms underlying the relationship between
hepatitis and physical fitness are not fully understood
and further investigations are needed.
Chen YJ, Chen KW, Shih YL, Su FY, Lin YP, Meng FC, Lin F,
Yu YS, Han CL, Wang CH, Lin JW, Hsieh TY, Li YH, Lin GM.
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few epidemiologic studies reported in the publicly
available literature have examined the association
of chronic hepatitis B and NASH with physical
fitness (characterized by endurance and resistance
exercises) in young adults. And, none of those studies
[16-18]
has addressed the issue in Asian populations
.
Therefore, we investigated the associations in a large
cohort of young adult men in Taiwan working under a
regimented physical fitness program (military).

rate and blood pressures [in the right upper arm;
measured in a sitting position after rest for at least for
15 min, using the FT-201 automated blood pressure
monitor (Parama-Tech Co Ltd, Fukuoka, Japan)]; and
laboratory data of hemoglobin, AST, ALT, and hepatitis
B surface antigen (by standard blood testing). As
part of the annual health survey routine, cases of
elevated ALT level of unknown cause undergo work-up
that includes a liver ultrasound and serologic testing
for anti-hepatitis A virus IgM, anti-hepatitis C virus
IgG, and alpha-fetoprotein. Liver ultrasounds were
performed by experienced sonographers, and diffuse
hepatic steatosis was defined by the presence of
[20]
significant liver-kidney contrast .
The three exercise tests were administered by
trained experts at the Military Physical Training and
Testing Center in Eastern Taiwan under stringent
and consistent regimens and the corresponding
measurements of physical fitness were standardized.
Both the 2-min push-up and 2-min sit-up tests were
scored using computerized monitoring, and the entire
test course was recorded by video. For the former,
a push-up was scored only when the participant’s
body upward movement achieved the initial resting
set height levels of shoulder and buttock, as detected
simultaneously by infrared sensors. The test was
aborted immediately upon either elbows or knees
touching down on the ground before the time out.
For the latter, a sit-up was scored only when the
participant’s body bent forward and elbows contacted
the touch sensors on both thighs. For the 3000-m nonweight-bearing running test, the entire course was
recorded by video. All runs occurred at 4:00 pm on
a day without rain, when the risk coefficient of heat
stroke [the product of outdoor temperature (℃) and
relative humidity (%) × 0.1] was < 40.

MATERIALS AND METHODS
Study population

The study of cardiorespiratory fitness and hos
pitalization events in armed forces (known as the
“CHIEF Study”) provides a historical cohort consisting
of 4080 professional military members, of ages
between 18 and 50 years. All participants completed
the annual health examination in eastern Taiwan
during 2014, in which they underwent any one of
three exercise tests, including 2-min push-ups, 2-min
sit-ups, and 3000-m non-weight-bearing running.
The CHIEF study design has been described in detail
[19]
previously .
Of the 4080 total participants, we excluded 411
women because none fulfilled the criterion for acute
hepatitis [as defined by an ALT level > 60 U/L,
equating to 1.5-times the upper limit (40 U/L) of the
normal levels of ALT]. Of the remaining 3669 study
subjects (all male), 121 (3.3%) were diagnosed with
chronic hepatitis B according to personal history and
detection of hepatitis B virus surface antigen. Among
the 3548 persons without chronic hepatitis B, a total
of 129 (3.5%) were clinically diagnosed with NASH
based on ALT level > 60 U/L, liver ultrasound showing
steatosis, absence of other viral hepatitis (A and C),
and without excessive alcohol intake.
It was noted that two men had both chronic
hepatitis B and an ALT level > 60 U/L. Those men who
were free of chronic hepatitis B and had ALT ≤ 60 U/L
were classified as the “unaffected” group (n = 3419,
93.2%). The composition of the three groups (chronic
hepatitis B, NASH, and unaffected) are shown in Table 1.

Statistical analysis

The participants’ baseline characteristics were
summarized as mean ± SD for continuous data and
as numbers and percentages for categorical data. The
outcome of interest was evaluated by the performance
of exercises. Cardiorespiratory fitness and lower
extremity muscle strength were mainly evaluated by
the 3000-m running time (in s). Abdominal and psoas
muscles strength was evaluated by the 2-min situp numbers. Upper extremity muscle strength was
evaluated by the 2-min push-up numbers.
The effect of chronic hepatitis B, NASH and
unaffected status on performance of each exercise (i.e.,
timed duration of 3000-m running race, numbers of
2-min sit-ups, and numbers of 2-min push-ups) was
estimated by using analysis of covariance (ANCOVA),
and the results are presented as mean ± SE. A linear
regression of each exercise performance with chronic
hepatitis B and NASH, in reference to the unaffected
group, was also performed. In addition, logistic
regression was used to determine the odds of the best
th
th
(top 10 percentile) and the worst (last 10 percentile)

Measurements

Participants’ medical history taking and annual health
examination were performed in the Hualien Armed
Forces General Hospital of Hualien County in Eastern
Taiwan. Each participant was asked to complete a selfreport questionnaire to provide details of his medical
history, including chronic viral hepatitis B carrier status,
cigarette smoking status (never, former, and current),
alcohol intake status (never and current), frequency
of > 30-min exercise in leisure time, and medications
taken in the past 6 mo.
The physical health examination included: anthro
pometric measurements of height, weight, and
2
body mass index (weight, kg/height, m ; assessed
in a standing position); hemodynamic data of pulse
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Table 1 Baseline characteristics of military men with chronic hepatitis B or nonalcoholic steatohepatitis, and the unaffected
Chronic hepatitis B, n = 121

Nonalcoholic steatohepatitis, n = 129

Unaffected, n = 3419

P value

33.5 ± 4.1

30.2 ± 5.1

29.2 ± 5.9

< 0.0001
0.29

36 (29.75)
55 (45.45)
30 (24.79)
25.5 ± 2.7
85.4 ± 6.4
117.2 ± 12.7
71.6 ± 10.7
74.9 ± 10.8
11 (9.09)
24.1 ± 13.7
32.7 ± 27.8
15.2 ± 1.0
38 (31.40)
62 (51.24)

38 (29.46)
56 (43.41)
35 (27.13)
27.6 ± 2.5
90.0 ± 5.9
123.4 ± 12.6
73.6 ± 10.4
74.0 ± 11.7
17 (13.18)
43.4 ± 16.4
85.4 ± 29.9
15.4 ± 1.1
43 (33.86)
47 (36.43)

953 (27.87)
1743 (50.98)
723 (21.15)
24.7 ± 3.1
83.1 ± 8.0
118.2 ± 13.1
70.4 ± 10.1
72.0 ± 10.8
294 (8.60)
19.8 ± 6.8
20.4 ± 10.8
15.2 ± 1.0
1295 (38.46)
1507 (44.08)

23 (19.01)
43 (35.54)
55 (45.45)

27 (20.93)
56 (43.41)
46 (35.66)

719 (21.03)
1279 (37.41)
1421 (41.56)

Age in years
Service specialty
Air force
Army
Navy
BMI in kg/m2
Waist circumstance in cm
SBP in mmHg
DBP in mmHg
Heart rate in beats/min
Hypertension
AST in U/L
ALT in U/L
Hb in g/dL
Cigarette smoking
Alcohol drinking
Exercise frequency
Never or occasionally
1-2 times/wk
> 3-5 times/wk

< 0.0001
< 0.0001
< 0.0001
0.0009
0.0021
0.19
< 0.0001
< 0.0001
0.016
0.18
0.062
0.55

Continuous variables are expressed as mean ± SD, and categorical variables as n (%). ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;
BMI: Body mass index; DBP: Diastolic blood pressure; Hb: Hemoglobin; SBP: Systolic blood pressure.

performance in each exercise with chronic hepatitis B
and NASH, in reference to the unaffected.
In model 1, age and service specialty were adjusted.
In model 2, body mass index was additionally adjusted.
In model 3, systolic and diastolic blood pressures, pulse
rate, current smoking status, current alcohol intake
status, hemoglobin, and average exercise frequency per
wk were further adjusted. These potential confounders
were chosen for the models according to prior published
[21-23]
associations with physical fitness
.
A 2-tailed value of P < 0.05 was considered
significant. SAS statistical software (SAS System for
Windows, version 9.4; SAS Institute, Cary, NC, United
States) was used for all statistical analyses.

significantly worse than that in the unaffected group
(in models 1-3, despite the difference in the running
test being modestly reduced after the adjustments for
all covariates in model 3, P = 0.069). With regard to
the 2-min push-up test, the performance of those with
chronic hepatitis B was the worst among the study
groups and worse than that in the unaffected group (in
models 1-3).

Multiple linear regression

The baseline characteristics of each study group are
shown in Table 1. Participants with chronic hepatitis
B had modestly older age, higher pulse rate, and
greater proportion of current alcohol drinkers than
those with NASH and the unaffected participants. In
addition, participants with NASH had greater AST and
ALT levels, greater body mass index, and higher blood
pressures and hemoglobin levels.

The results of multiple linear regression of each
physical performance, with chronic hepatitis B and
NASH relative to the unaffected group, in models 1-3
are shown in Table 3. The relationship between the
three groups and each exercise performance are in line
with the findings presented in Table 2. Chronic hepatitis
B was negatively correlated with the 2-min pushup numbers in model 3 (β = -2.49, P = 0.019). In
addition, NASH was positively correlated with 3000-m
running time (β = 15.48, P = 0.026) and negatively
correlated with the 2-min sit-up numbers (β = -1.79,
P = 0.013) after adjusting for age, specialty, and body
mass index (Table 2). The association with 2-min situp numbers remained significant, but that with the
3000-m running time was modestly reduced (β =
11.96, P = 0.084).

Group means comparisons

Logistic regression

RESULTS
Baseline group characteristics

There was a significant difference between the means
of performances for each exercise among the study
groups (across the three models, overall P value <
0.0001; Table 2). With regard to the 3000-m run and
2-min sit-up tests, the performance of those with
NASH was the worst among the study groups and
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Table 4 presents the results of logistic regression of
the best 10% and the worst 10% performance in
each exercise, with chronic hepatitis B and NASH in
reference to the unaffected. In model 1, participants
with NASH had 1.5-fold to 2.0-fold increased risk
of achieving performance in the worst 10% for the
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Table 2 Relationship of chronic hepatitis B, nonalcoholic steatohepatitis, and unaffected status with exercise performances
3-m run

n
Model 1
Chronic hepatitis B
Nonalcoholic
steatohepatitis
Unaffected
Model 2
Chronic hepatitis B
Nonalcoholic
steatohepatitis
Unaffected
Model 3
Chronic hepatitis B
Nonalcoholic
steatohepatitis
Unaffected

2-min sit-ups

mean ± SE

P value

106
102

862.90 (6.88)
889.18 (6.95)

< 0.00011
0.0072
< 0.00013

3088

858.41 (1.34)

106
102

861.15 (6.69)
874.35 (6.83)

3081

858.75 (1.31)

105
100
3029

n

2-min push-ups

mean ± SE

P value

120
128

47.04 (0.73)
45.52 (0.70)

< 0.00011
0.132
0.00323

0.524
< 0.00011
0.172
0.00253

3403

47.61 (0.14)

120
128

47.05 (0.73)
47.80 (0.71)

3395

47.60 (0.14)

866.74 (6.54)
876.41 (6.70)

0.724
< 0.00011
0.302
0.0693

119
125

864.07 (1.38)

0.694

3340

n

mean ± SE

P value

120
127

46.71 (1.07)
45.90 (1.03)

< 0.00011
0.582
0.00073

0.444
< 0.00011
0.222
0.00133

3394

49.44 (0.21)

120
127

46.86 (1.06)
47.71 (1.03)

3385

49.40 (0.21)

46.68 (0.72)
45.71 (0.71)

0.464
< 0.00011
0.332
0.0433

119
124

46.37 (1.05)
47.74 (1.04)

0.0184
< 0.00011
0.352
0.293

47.16 (0.15)

0.514

3330

48.86 (0.22)

0.0204

0.0124
< 0.00011
0.562
0.113

1

Overall P value; 2Chronic hepatitis B vs nonalcoholic steatohepatitis; 3Nonalcoholic steatohepatitis vs unaffected; 4Chronic hepatitis B vs unaffected. Model
1: Adjusted for age and service specialty; Model 2: Adjusted for age, service specialty, and body mass index; Model 3: Adjusted for age, service specialty,
body mass index, systolic blood pressure, diastolic blood pressure, heart rate, current smoking, alcohol intake, hemoglobin, and exercise frequency.

performance in a young adult military male cohort in
Taiwan. The men with chronic hepatitis B achieved
fewer numbers of push-ups in 2 min, possibly having
to do with lower strength of the upper extremities.
The men with NASH spent a longer time completing
the 3000-m run and had fewer numbers of sit-ups in
2 min, reflecting their cardiorespiratory fitness and
strength of lower extremities and psoas muscles being
lower than those of the unaffected men.
Both chronic hepatitis B and NASH have been
reported as associated with skeletal muscle atrophy,
probably leading to decreased physical fitness. In
an abdominal computed tomography imaging study,
[13]
Hiraoka et al found the prevalence of pre-sarcopenia
in patients with chronic hepatitis due to hepatitis B or
C virus, or with alcoholic hepatitis, as about 15.3%,
which was higher than that of the normal controls,
regardless of age. In addition, NASH and NAFLD
are closely related to obesity and insulin resistance.
Some studies have demonstrated the effect of insulin
resistance on mitochondrial dysfunction, suggesting
that NASH or NAFLD may be related to muscle mass
[15]
wasting (i.e., sarcopenia) . Along these lines, Hong
[14]
et al
found a significant correlation between NAFLD
and sarcopenia, according to strict evaluation by dualenergy X-ray absorptiometry in middle- to old-aged
men.
The histological severity of NAFLD ranges from
steatosis and steatohepatitis, to advanced fibrosis and
even cirrhosis. The risk factors of NAFLD are male sex,
increased age, and the main components of metabolic
syndrome (i.e., higher body mass index, triglycerides
and total cholesterol). NAFLD is, thus, considered as
[24]
a hepatic manifestation of metabolic syndrome . In
addition, multiple metabolic abnormalities have been
characterized as strongly predictive of NASH.
The prevalence of metabolic syndrome is reportedly

Table 3 Linear regression of chronic hepatitis B and
nonalcoholic steatohepatitis with exercise performances
Chronic hepatitis B
Model 1
Running
Sit-ups
Push-ups
Model 2
Running
Sit-ups
Push-ups
Model 3
Running
Sit-ups
Push-ups

Nonalcoholic steatohepatitis

β (SE)

P value

β (SE)

P value

4.59 (6.98)
-0.58 (0.74)
-2.75 (1.09)

0.51
0.43
0.01

30.65 (7.05)
-2.09 (0.71)
-3.49 (1.05)

< 0.0001
0.0033
0.009

2.54 (6.79)
-0.55 (0.74)
-2.57 (1.07)

0.71
0.45
0.017

15.48 (6.94)
-1.79 (0.72)
-1.65 (1.05)

0.026
0.013
0.12

1.98 (6.68)
-0.45 (0.73)
-2.49 (1.06)

0.10
0.53
0.019

11.96 (6.91)
-1.47 (0.72)
-1.10 (1.05)

0.084
0.04
0.30

Model 1: Adjusted for age and service specialty; Model 2: Adjusted for
age, service specialty, and body mass index; Model 3: Adjusted for age,
service specialty, body mass index, systolic blood pressure, diastolic blood
pressure, heart rate, current smoking, alcohol intake, hemoglobin, and
exercise frequency.

3000-m run, the 2-min sit-ups and the 2-min pushups tests, as compared to the unaffected group (OR
= 1.86, 1.55 and 1.80, respectively). However, the
associations were remarkably reduced and became
insignificant in model 2 and model 3 (OR = 1.14, 1.24
and 1.08, respectively). In contrast, chronic hepatitis
B was not associated with worst 10% performance
for any of the three exercise tests, in models 1-3. In
addition, neither chronic hepatitis B or NASH were
associated with the best 10% performance for any of
the three exercise tests, in models 1-3.

DISCUSSION
Our principal findings were that both chronic hepatitis
B and NASH were associated with worse physical
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Table 4 Association of chronic hepatitis B and nonalcoholic steatohepatitis with best 10% and worst 10% of exercise performances
Chronic hepatitis B
OR (95%CI)
For the top 10% performance level
Model 1
Running ≤ 783 s
0.85 (0.52-1.41)
Sit-ups ≥ 58/2 min
0.78 (0.37-1.62)
Push-ups ≥ 60/2 min
0.64 (0.31-1.33)
Model 2
Running ≤ 783 s
0.85 (0.51-1.40)
Sit-ups ≥ 58/2 min
0.78 (0.38-1.63)
Push-ups ≥ 60/2 min
0.65 (0.31-1.36)
Model 3
Running ≤ 783 s
0.85 (0.52-1.41)
Sit-ups ≥ 58/2 min
0.79 (0.38-1.66)
Push-ups ≥ 60/2 min
0.68 (0.32-1.42)
For the bottom 10% performance level
Model 1
Running ≥ 934 s
1.15 (0.63-2.07)
Sit-ups < 40/2 min
0.98 (0.59-1.62)
Push-ups < 37/2 min
1.50 (0.88-2.55)
Model 2
Running ≥ 934 s
1.12 (0.62-2.03)
Sit-ups < 40/2 min
0.96 (0.58-1.60)
Push-ups < 37/2 min
1.48 (0.87-2.53)
Model 3
Running ≥ 934 s
1.15 (0.63-2.10)
Sit-ups < 40/2 min
0.95 (0.56-1.59)
Push-ups < 37/2 min
1.46 (0.85-0.52)

Nonalcoholic steatohepatitis

Unaffected

P value

OR (95%CI)

P value

Ref.

0.53
0.50
0.23

1.26 (0.82-1.92)
0.28 (0.10-0.77)
0.43 (0.20-0.93)

0.29
0.013
0.033

1.00
1.00
1.00

0.52
0.51
0.26

1.20 (0.78-1.84)
0.30 (0.11-0.83)
0.56 (0.26-1.22)

0.41
0.021
0.14

1.00
1.00
1.00

0.53
0.53
0.30

1.16 (0.75-1.80)
0.32 (0.12-0.89)
0.60 (0.28-1.32)

0.50
0.028
0.21

1.00
1.00
1.00

0.65
0.93
0.13

1.86 (1.14-3.04)
1.55 (0.92-2.61)
1.80 (1.12-2.88)

0.013
0.098
0.015

1.00
1.00
1.00

0.71
0.88
0.15

1.22 (0.74-2.02)
1.42 (0.84-2.41)
1.24 (0.76-2.01)

0.44
0.19
0.39

1.00
1.00
1.00

0.65
0.83
0.17

1.14 (0.68-1.92)
1.24 (0.71-2.15)
1.08 (0.65-1.79)

0.65
0.54
0.76

1.00
1.00
1.00

Model 1: Adjusted for age and service specialty; Model 2: Adjusted for age, service specialty, and body mass index; Model 3: Adjusted for age, service
specialty, body mass index, systolic blood pressure, diastolic blood pressure, heart rate, current smoking, alcohol intake, hemoglobin, and exercise
frequency.

lower in individuals with higher levels of physical
[25]
fitness . Cardiorespiratory fitness and muscular
strength are also inversely associated with metabolic
[26,27]
syndrome prevalence
, as well as with intrahepatic
fat content, but are independent of visceral and total
[28,29]
[16]
body fat mass
. Krasnoff et al further found that
patients with NAFLD of differing histological severity
had suboptimal health-related fitness, and patients
with NASH and those with lower NAFLD activity score
had significantly lower cardiorespiratory fitness than
their counterparts.
[30]
Westerbacka et al
demonstrated that serum
ALT was significantly correlated with percentage of
liver fat, and further suggested that serum ALT might
be a useful marker of liver fat in individuals lacking
other causes of liver damage or insulin resistance.
Indeed, several studies have used elevated serum ALT
as a non-invasive indicator of NASH. Data from the
1988-1994 United States National Health and Nutrition
Examination Survey (NHANES) indicated elevated ALT
[31]
in 3% of the middle- to old-aged general population ,
and the 1999-2002 NHANES data indicated elevated
[32]
ALT in as high as 7% of the study population .
Only few studies to date have investigated the
relationship between ALT levels and physical fitness
in young adults. In our present study, the prevalence
of elevated ALT levels (> 60 U/L) in young adult
military males was 3.5%, close to the percentage from
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NHANES. The men with NASH had worse performances
in the three exercise examinations, after controlling for
age and service specialty. The association of NASH with
2-min push-up numbers was nullified upon adjustment
for body mass index and other potential covariates,
whereas the associations of NASH with 2-min sit-up
numbers and 3000-m running time were only modestly
reduced upon adjustment.
These findings were in line with results of previous
[17]
studies. Church et al
showed that serum ALT
levels were inversely associated with physical fitness;
although, the association was reduced after controlling
for both body mass index and waist circumference.
[18]
In addition, Trilk et al
also found that teenagers
and young adults with low cardiorespiratory fitness
had higher ALT levels than those with adequate
cardiorespiratory fitness.
Ironically, we showed that chronic hepatitis B may
reduce muscle strengths of the upper extremities
in the early thirties, but not affect the strength of
lower extremities or of cardiorespiratory fitness.
Notably, there were only two men in our cohort with
both chronic hepatitis B and ALT levels > 60 U/L. We
speculate that the decreased muscle strength of the
upper extremities was not caused by chronic active
hepatitis B. Although pre-sarcopenia might lead to
weaker muscle strength of the upper extremities in the
early stages of chronic hepatitis B, the sparing effect
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numbers of 2-min push-ups than the unaffected men, whereas those with
NASH had longer 3000-m running time and fewer 2-min sit-up numbers than
the unaffected men. These findings suggest that chronic hepatitis B and NASH
might influence different physical performances.

of the lower extremities and cardiorespiratory fitness
remains unclear and needs further investigation.
Finally, among the young men in our study who
were within the top 10% of the exercise performances
(showing outstanding physical fitness), there were
no significant differences between the three exercise
tests when those with NASH were compared to the
unaffected individuals. This result suggests that the
change in liver function did not significantly affect
exercise performance in elite participants of physical
fitness trainees. As for the bottom 10%, those with
NASH had worse performance in all three exercise
tests, even after adjusting for age and service specialty.
However, the associations became remarkably reduced
after adjusting for body mass index. These findings
indicate that, in such a group, the main factors
affecting physical performance may be derived from
body weight or obesity rather than liver damage.
There are several strengths in this study’s design.
First, all procedures of the three exercise tests for
evaluations of physical fitness were standardized and
performed in a strictly regimented manner. Second,
the sample size of this study was large enough to
identify adequate numbers of participants with chronic
hepatitis B or NASH for analysis. Nonetheless, there
were some limitations to the study. First, the liver
ultrasounds were not routinely performed for every
participant with normal ALT levels, and thus the
prevalence of NAFLD in the unaffected men might
be a potential confounder. Since previous studies
have shown that NAFLD was associated with poor
physical fitness, the inverse association of NASH with
the exercise performances might be underestimated.
Second, the severity of NASH lacked pathologic
evidence, despite our having identified individuals
at risk through ultrasonic liver-kidney contrast and a
strict ALT level. Third, there might be potential recall
bias regarding the self-report questionnaire answers.
In conclusion, our findings suggest that chronic
hepatitis B and NASH may affect different exercise
performances in a young adult military male cohort.
The mechanisms underlying the relationship between
hepatitis and physical fitness are still not fully under
stood and require further investigation.

Applications

Chronic hepatitis B and NASH may be targets for therapeutic intervention to
improve physical fitness among these patient populations.

Terminology

The cardiorespiratory fitness of each participant was mainly evaluated by the
time it took to complete a 3000-m run, the number of standardized push-ups
within 2 min, and the number of standardized sit-ups within 2 min. Chronic
hepatitis B was defined by personal history and positive detection of hepatitis
B surface antigen. NASH was defined by alanine transaminase level > 60 U/L,
liver ultrasound finding of steatosis, and absence of viral hepatitis A, B or C
infection.

Peer-review

The article is very good, as it is the first one describing the relationship between
liver functions and physical fitness in Taiwan.
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Abstract
AIM
To compare the short- and long-term outcomes of
laparoscopic (LR) vs open resection (OR) for gastric
gastrointestinal stromal tumors (gGISTs).
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METHODS
In total, 301 consecutive patients undergoing LR or
OR for pathologically confirmed gGISTs from 2005 to
2014 were enrolled in this retrospective study. After
exclusion of 77 patients, 224 eligible patients were
enrolled (122 undergoing LR and 102 undergoing
OR). The demographic, clinicopathologic, and survival
data of all patients were collected. The intraoperative,
postoperative, and long-term oncologic outcomes were
compared between the LR and OR groups following the
propensity score matching to balance the measured
covariates between the two groups.
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RESULTS
After 1:1 propensity score matching for the set of
covariates including age, sex, body mass index,
American Society of Anesthesiology score, tumor
location, tumor size, surgical procedures, mitotic count,
and risk stratification, 80 patients in each group were
included in the final analysis. The baseline parameters
of the two groups were comparable after matching. The
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recent years with the development of histologic and
immunohistochemical markers for diagnosis and
advances in radiographic technology and endoscopic
[2]
examination . The widespread use of tyrosine kinase
inhibitors has significantly improved the survival of
[2]
patients with GISTs . However, surgical resection is
still the mainstay and most effective treatment for
GISTs to date. GISTs should be completely resected
with negative histological margins, and the tumor
pseudocapsule should be kept intact to avoid tumor
[3]
rupture during the operation . Because lymphatic
metastasis rarely occurs in patients with GISTs,
[4]
lymphadenectomy is not routinely performed .
[5]
About 50%-60% of GISTs occur in the stomach ,
and these gastric GISTs (gGISTs) are mainly located
[6]
in the upper stomach . Localized gGISTs were
[7]
traditionally resected by open resection (OR) .
Increasingly more surgeons are performing laparoscopic
resection (LR) to treat gGISTs because of the
development and superiority of laparoscopic technology.
The first successful LR of a gGIST was reported by
[8]
Lukaszczyk and Preletz in 1992 . Several laparoscopic
approaches for gGISTs are available, including wedge
resection, proximal or distal subtotal gastrectomy,
[7]
and total gastrectomy . Intraoperative gastroscopy is
usually used to help define the tumor location because
the surgical approach depends on the tumor size and
location. Tumor rupture is an independent prognostic
factor for GISTs. Once a GIST has ruptured into the
abdominal cavity, the risk of tumor recurrence and
[9]
implantation metastasis become extremely high .
Because of the risk of tumor rupture, the application
of a laparoscopic approach for gGISTs is restricted,
[10]
especially for large tumors . In some guidelines,
LR of GISTs remains a cautious choice and is only
[11]
recommended when performed by expert surgeons .
The 2016 National Comprehensive Cancer Network
(NCCN) guideline suggests that laparoscopic surgery
may be considered for GISTs in selected anatomic
locations such as the anterior wall of the stomach,
jejunum, and ileum. LR should follow the same prin
ciples of preservation of the pseudocapsule and
[12]
avoidance of tumor rupture, just as OR . Additionally,
the previous NCCN guideline recommends the use of
[13]
laparoscopic techniques for GISTs < 5 cm .
Whether LR can achieve equivalent effects or
even show superiority over conventional OR remains
[14]
unknown . No prospective, multicenter, randomized
controlled trials with sufficient samples have been
performed to investigate the feasibility and safety of
LR for gGISTs because of the low incidence of these
tumors. To date, only a few retrospective studies have
compared LR with OR for gGISTs, and the efficacy and
[15]
safety of LR remain unconfirmed . Therefore, more
high-level clinical evidence is required.
The existence of confounders or selection bias
in retrospective studies may result in imbalanced
baseline data between the study group and control

LR group was significantly superior to the OR group
with respect to the operative time, intraoperative blood
loss, postoperative first flatus, time to oral intake, and
postoperative hospital stay (P < 0.05). No differences
in perioperative blood transfusion or the incidence of
postoperative complications were observed between
the two groups (P > 0.05). No significant difference
was found in postoperative adjuvant therapy (P =
0.587). The mean follow-up time was 35.30 ± 26.02
(range, 4-102) mo in the LR group and 40.99 ± 25.07
(range, 4-122) mo in the OR group with no significant
difference (P = 0.161). Survival analysis showed no
significant difference in the disease-free survival time
or overall survival time between the two groups (P >
0.05).
CONCLUSION
Laparoscopic surgery for gGISTs is superior to open
surgery with respect to intraoperative parameters and
postoperative outcomes without compromising longterm oncological outcomes.
Key words: Gastric gastrointestinal stromal tumor;
Laparoscopic surgery; Open surgery; Clinical outcome;
Prognosis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Surgical treatment is the gold standard for
gastric gastrointestinal stromal tumors (gGISTs).
Increasingly more surgeons are performing laparoscopic
resection (LR) to treat gGISTs due to the development
and superiority of laparoscopic technology. The
efficacy and safety of LR remain unconfirmed and
more high-level clinical evidence is required. This
study retrospectively compared the short- and longterm outcomes of LR vs open resection (OR) for
gGISTs using propensity score matching to adjust for
confounding variables in the baseline data and found
that LR is superior to OR with respect to intraoperative
parameters and postoperative recovery outcomes
without compromising long-term oncological outcomes.
Ye X, Kang WM, Yu JC, Ma ZQ, Xue ZG. Comparison of shortand long-term outcomes of laparoscopic vs open resection for
gastric gastrointestinal stromal tumors. World J Gastroenterol
2017; 23(25): 4595-4603 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i25/4595.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i25.4595

INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are the
most common mesenchymal neoplasms of the
alimentary system and exhibit high resistance to
[1]
conventional chemotherapy or radiotherapy .
The incidence of GISTs has gradually increased in
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group; this consequently affects the reliability of the
conclusions. In nonrandomized controlled clinical
trials, epidemiological studies, and most observational
studies, propensity score matching (PSM) is widely
used to reduce selection bias caused by potential
confounders and ensure that the baseline data are
[16]
balanced . In the present study, we retrospectively
compared the short- and long-term outcomes of LR
vs OR of gGISTs using PSM to adjust for confounding
variables in the baseline data.

and pyloric surroundings. The severity of postoperative
complications was classified according to the ClavienDindo classification, and only grade ≥ 2 complications
[17]
were considered for the morbidity analysis . Stra
tification of the risk of recurrence was performed
according to the 2008 National Institutes of Health
[18]
standard .

Surgical procedures

LR of gGISTs was initiated in our hospital in 2005.
OR was historically more popular, but LR has become
preferred with its extensive development and the
accumulation of experience in the last decade. The
operations were performed by gastrointestinal surgeons
experienced in both open and minimally invasive
surgery. OR was performed through a 15- to 20-cm
subxiphoid incision, and LR was performed by a fouror five-trocar method. The abdominal cavity was first
inspected to identify the tumor location and rule out
invasion to adjacent organs or distant metastases. The
methods of tumor resection were similar in both the LR
and OR groups and included wedge resection, proximal
gastrectomy, distal gastrectomy, and total gastrectomy
depending on the tumor location, size, and distance
to the cardia or pylorus. Lymphadenectomy was not
routinely performed. Intraoperative gastroscopy was
applied to define the tumor localization when the tumor
was small or intracavitary. Linear and circular staplers
were frequently used. Laparoscopic gastrectomy was
performed via a 5- to 7-cm epigastric incision with
hand-assisted anastomosis. In patients undergoing LR,
the tumor specimen was removed using an extracting
bag. All patients in this study achieved R0 resection
without tumor rupture. No forced conversion to
laparotomy occurred among patients undergoing LR.

MATERIALS AND METHODS
Patients

In total, 301 consecutive patients who underwent
surgical treatment for pathologically diagnosed
gGISTs from 2005 to 2014 were primarily extracted
from our prospectively maintained GIST database.
Sixty-nine patients were excluded for the following
reasons: (1) comorbidities involving other types
of malignant tumors either present preoperatively
or found intraoperatively; (2) a history of upper
abdominal surgery or gastrectomy; (3) thoracotomy
for GISTs involving the cardia or lower esophagus; (4)
intraoperative confirmation of hepatic or peritoneal
metastasis; (5) combined organ resection for in
volvement of adjacent organs; (6) an emergency
operation for bleeding or perforation; (7) death during
the operation; and (8) endoscopic resection. Because
the largest tumor resected by a laparoscopic approach
was 14 cm, eight patients with tumors > 14 cm (range,
16-29 cm) undergoing OR were excluded. Finally, 224
patients were enrolled in the subsequent PSM analysis,
including 102 patients undergoing LR (treatment
group, LR group) and 122 patients undergoing OR
(control group, OR group).

Adjuvant treatment and follow-up

Clinicopathological data

Imatinib therapy was recommended for patients with
intermediate or high risk stratification. Follow-up was
conducted at the outpatient clinic, telephone calls, or
letters. The last follow-up occurred in May 2015. The
follow-up data included adjuvant therapy, survival
time, tumor recurrence, and death.

All 224 patients were clinically suspected to have
gGISTs based on preoperative gastroscopy, abdominal
computed tomography, or endoscopic ultrasonography
findings, and a diagnosis of gGIST was confirmed by
postoperative pathologic examination in all patients. The
following clinical data were collected: (1) demographic
characteristics including age, sex, and body mass index
(BMI); (2) clinical and operation-related data including
the American Society of Anesthesiology (ASA) score,
tumor location, type of surgical procedure, operative
time, intraoperative blood loss, perioperative blood
transfusion, time to postoperative first flatus, time
to oral intake, postoperative length of hospital stay,
postoperative complications, and adjuvant therapy;
(3) histopathological data including tumor size, mitotic
count, and stratification of risk of recurrence; and (4)
prognostic information including follow-up duration,
recurrence, and death. The tumor location was divided
into three types: the gastric fundus and cardiac
surroundings, the gastric body, and the gastric antrum

WJG|www.wjgnet.com

Statistical analysis

Statistical analysis was performed using SPSS 22.0
software (IBM Corp., Armonk, NY, United States).
2
The χ test was used to analyze categorical data, and
Student’s t test was used for continuous data. PSM
was used to match covariates between the LR and OR
groups. These covariates included age, sex, BMI, ASA
score, tumor location, tumor size, surgical procedure,
mitotic count, and risk stratification. The propensity
score was estimated using a multivariate logistic
regression model based on this set of covariates for
each patient. All patients in the LR group were then
matched 1:1 to those in the OR group by nearest
neighbor matching. A caliper was used to define the
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Table 1 Baseline characteristics of laparoscopic resection and open resection groups before and after propensity score matching
Characteristics
Age, yr
> 60
≤ 60
Sex
Male
Female
BMI , kg/m2
< 28
≥ 28
ASA score
Ⅰ
Ⅱ
Ⅲ

Tumor location
Proximal
Body
Antropyloric
Tumor size, cm
≤5
5-10
> 10
Surgical procedure
Wedge resection
Gastrectomy
Mitotic count
≤5
6-10
> 10
Risk stratification
Very low
Low
Intermediate
High

Before PSM

After PSM

LR group (n = 102)

OR group (n = 122)

P value

LR group (n = 80)

OR group (n = 80)

P value

45
57

54
68

0.983

39
41

35
45

0.526

43
59

53
69

0.846

36
44

33
47

0.632

92
10

110
12

0.994

75
5

72
8

0.385

57
40
5

73
43
6

0.825

43
32
5

48
28
4

0.722

61
31
10

49
56
17

0.014

47
24
9

36
36
8

0.141

83
17
2

71
40
11

0.001

61
17
2

57
19
4

0.633

96
6

89
33

0.000

74
6

69
11

0.200

84
5
13

83
26
13

0.002

62
5
13

59
13
8

0.090

34
37
16
15

9
42
39
32

0.000

15
34
16
15

9
37
21
13

0.485

LR: Laparoscopic resection; OR: Open resection; PSM: Propensity score matching.

maximum allowable difference (0.3) between two
groups to ensure good matches. The Kaplan-Meier
method was used to create a survival curve, and the
log-rank test was used to detect differences between
the two groups. All statistical tests were two-sided,
and P < 0.05 was considered statistically significant.

moderate and high risk of recurrence accounted for
45.54% of the study population. Before PSM, there
were no significant differences in age, sex, BMI,
or ASA score between the two groups (P > 0.05),
but significant differences were present in other
parameters (P < 0.05). Compared with the LR group,
OR group had more tumors in the body of the stomach
and distal stomach, more tumors with a maximum
diameter of > 5 cm, underwent subtotal gastrectomy
more often, and had more tumors with a mitotic count
of > 5/PHF and intermediate/high risk of recurrence
(P < 0.05). After PSM, 22 patients in the LR group and
42 patients in the OR group were excluded, and 80
patients in each group were included in the final PSM
analysis. No statistically significant differences in any
covariate were found between the two groups after
PSM (P > 0.05).

RESULTS
Clinicopathological characteristics of the patients

In total, 224 patients were included in the primary
analysis before PSM, and their clinicopathological
characteristics are shown in Table 1. The mean age
was 59.25 ± 11.63 (range, 21-82) years, and 55.80%
of patients were ≤ 60 years old. Female patients
accounted for 57.14% of all patients. The mean BMI
2
was 24.08 ± 3.08 (range, 15.60-32.81) kg/m , and
2
90.18% of patients had a BMI of < 28 kg/m . Patients
with an ASA score of I and II constituted 95.08% of
all patients. And 49.11% of tumors were located in
the proximal stomach and 38.84% were located in
the body of the stomach. A total of 68.75% of tumors
had a maximum diameter of ≤ 5 cm, and 82.59% of
all patients received wedge resection. Patients with a
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Intraoperative and postoperative outcomes

The intraoperative and postoperative outcomes
after PSM are shown in Table 2. The LR group was
significantly superior to the OR group with respect
to the operative time, intraoperative blood loss, time
to first flatus, time to oral intake, and postoperative
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Table 2 Comparison of intraoperative and postoperative outcomes between laparoscopic resection and open resection groups after
propensity score matching
Characteristics

LR group (n = 80)

OR group (n = 80)

t /χ 2

P value

90.83 ± 37.69
91.88 ± 65.82

118.38 ± 42.74
121.25 ± 103.05

4.325
2.149

0.000
0.033

79
1
2.63 ± 0.62
3.86 ± 1.17
9.26 ± 3.89

77
3
3.01 ± 0.46
5.24 ± 5.04
11.73 ± 9.34

1.026

0.620

4.459
2.377
2.176

0.000
0.019
0.031

95% (76/80)
5% (4/80)

88.75% (71/80)
11.25% (9/80)

2.093

0.247

Operative time (min)
Intraoperative blood loss (mL)
Perioperative blood transfusion
No
Yes
Time to first flatus (d)
Time to oral intake (d)
Length of hospital stay (d)
Complications1
No
Yes
1

Postoperative complications were classified according to the Clavien-Dindo classification. LR: Laparoscopic resection; OR: Open resection; PSM: Propensity
score matching.

Table 3 Comparison of long-term oncological outcomes between laparoscopic resection and open resection groups after propensity
score matching
Characteristics
Adjuvant therapy
No
Yes
Follow-up time (mo)
Recurrence
No
Yes
Death
No
Yes
DFS time (mo)1
5-yr DFS rate (%)2
OS time (mo)1
5-yr OS rate (%)2

LR group (n = 80)

OR group (n = 80)

58
22
35.3 ± 26.02

61
19
40.99 ± 25.07

t /χ 2

P value

0.295

0.587

1.408

0.161

77
3

76
4

0.149

0.699

79
1
97.04 ± 2.81
97.5 (78/80)
99.65 ± 2.30
98.75 (79/80)

78
2
111.61 ± 5.12
96.25 (77/80)
115.26 ± 4.59
98.75 (79/80)

0.340

0.560

0.023

0.880
1.000
0.776
1.000

0.081

1

Log-rank test; 2Fisher’s exact test. LR: Laparoscopic resection; OR: Open resection; PSM: Propensity score matching; DFS: Disease-free survival; OS: Overall
survival.

were found in the disease-free survival (DFS) time or
overall survival (OS) time (P > 0.05). No significant
differences were present between the LR and OR
groups in the 5-year DFS rate (97.50% vs 96.25%,
respectively; P > 0.05) or 5-year OS rate (98.75% vs
98.75%, respectively; P > 0.05). The Kaplan-Meier
DFS and OS curves are shown in Figure 1A and B,
respectively.

length of hospital stay (P < 0.05), while no differences
were present in perioperative blood transfusion (P >
0.05). No differences in the incidence of postoperative
complications were observed between the two groups
(5.00% in the LR group and 11.25% in the OR group;
P > 0.05).

Long-term oncological outcomes

The adjuvant therapy and oncological outcomes in the
LR and OR groups after PSM are shown in Table 3.
There was no significant difference in the proportion
of patients who received postoperative imatinib
between the LR and OR groups (27.50% vs 23.75%,
respectively; P > 0.05). The mean follow-up time was
35.30 ± 26.02 (range, 4-102) mo in the LR group and
40.99 ± 25.07 (range, 4-122) mo in the OR group,
with no significant difference (P > 0.05). There were
no significant differences between the LR and OR
groups in the number of patients with recurrence (3 vs
4, respectively; P > 0.05) or died (1 vs 2, respectively;
P > 0.05). Additionally, no significant differences
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DISCUSSION
[2]

Surgical treatment is the gold standard for gGISTs .
Unlike other types of malignant tumors requiring
a sufficient distance to the incisal margin and
performance of lymphadenectomy, GISTs only require
the achievement of R0 resection, and lymphadenec
tomy is not necessary. Therefore, LR seems to be
[15]
more applicable than OR for patients with GISTs .
Compared with conventional OR, LR shows advantages
including less trauma, lower stress, less pain, and
faster recovery. These advantages have been proven

4599

July 7, 2017|Volume 23|Issue 25|

Ye X et al . Laparoscopic resection of gastric GISTs

B

1.0
0.8

P = 0.880

0.6
0.4

Open surgery
Laparoscopic surgery
Open surgery-censored
Laparoscopic surgery-censored

0.2

Cumulative survival rate (%)

P = 0.776

0.6
0.4

Open surgery
Laparoscopic surgery
Open surgery-censored
Laparoscopic surgery-censored

0.2

00

00

0.
12

0

10

0.

0

.0
80

0

.0
60

0

.0
40

00
0.

.0

00
0.

12

0

00

.0

10

0.

0

80

0

.0
60

0

.0

.0

40

20

0.

0.8

0.0

00

0.0

1.0

20

Cumulative survival rate (%)

A

Overall survival time (mo)

Disease-free survival time (mo)

Figure 1 Kaplan-Meier disease-free (A) and overall (B) survival curves of laparoscopic resection and open resection for gastric gastrointestinal stromal
tumors.

in several gastrointestinal surgeries, including
laparoscopic surgeries for gastric and colorectal cancer.
Laparoscopic gastrointestinal surgery can benefit the
recovery of intestinal motility, promote early flatus and
[19]
food intake, and reduce the length of hospital stay .
LR plays an important role in enhanced recovery after
surgery for gastrointestinal diseases and has been
gradually performed in clinical practice, resulting in
[20]
improved clinical outcomes . LR can cause less stress
and decrease the inflammatory response, which may
[21]
reduce postoperative complications . In one study
involving distal gastrectomy with D2 lymphadenectomy
for the treatment of gastric cancer, LR and OR were
similar in terms of postoperative complications and
[19]
mortality as well as the severity of complications .
In another study of total gastrectomy, LR reduced
[22]
postoperative infectious complications . Moreover, LR
reportedly increased the survival time of patients with
[23]
colorectal cancer undergoing elective surgery .
Surgeons have attempted to apply laparoscopic
techniques to gGISTs because of the above-mentioned
advantages. Some studies have proven the positive
effects of LR in improved perioperative outcomes in
[24]
patients with gGISTs . Regardless of whether the
[25]
[26]
gGIST is small
or large , LR can enhance the
recovery of intestinal motility, promote early flatus and
food intake, and reduce length of hospital stay; these
benefits were also proven in the present study. These
advantages are mainly associated with less trauma,
milder stress, and less pain. OR usually requires larger
incisions and tense sutures, which cause severe pain
after surgery and often postpones early ambulation,
necessitates analgesic drugs, prolongs the recovery of
[27]
intestinal mobility, and lengthens the hospital stay .
Our study also confirmed that LR is superior to
OR in terms of operative parameters. The operative
time of LR was shorter than that of OR, which may
have been due to the time-consuming procedures
[27]
involved in opening and closing the abdomen in OR .
The time-saving advantages of LR are more obvious
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when treating gGISTs with a better location or smaller
size. The lower blood loss volume in LR may provide
benefits with respect to an enlarged visual field,
enlarged small vessels, fine anatomic dissection, and
[28]
better laparoscopic hemostasis . The decreases in
the operative time and intraoperative blood loss will
be more obvious with the development of laparoscopic
instruments and improvement in surgeons’ skills.
Although LR of gGISTs can enhance recovery after
surgery, surgeons tend to be more cautious regarding
its safety and effects on the long-term oncological
prognosis. Once a GIST has ruptured during the
operation, the recurrence rate is close to 100%;
[29]
this limits the use of laparoscopy . Large tumors
become more adherent to the surrounding tissues,
which makes laparoscopic procedures difficult and
risky. The recent NCCN guideline on GISTs revised the
restrictions on the maximum diameter of GISTs when
performing LR and suggested that the diameter of
the GIST should be < 5 cm. Experienced centers and
surgeons are recommended to consider application of
[30]
laparoscopic techniques in the treatment of GISTs .
Our center has accumulated experience in LR of
both small and large gGISTs, and no intraoperative
rupture has occurred to date. No significant difference
in postoperative complications was observed between
the LR and OR groups in the present study, which
[31,32]
is consistent with the findings of other studies
.
Some other studies have shown that LR of gGISTs
[33]
may reduce postoperative complications . The
Clavien-Dindo classification is a commonly used
[17]
evaluation system for postoperative complications .
[34]
Chen et al
found that fewer grade 1 to 3 posto
perative complications occurred in LR than in
OR of gGISTs, but no difference in grade 3 to 4
postoperative complications was found. Most grade
1 complications have no clinical importance, and
the assessments differ according to the clinicians’
[17]
experience and preference ; thus, we analyzed only
grade ≥ 2 complications. The classification criteria
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[33,36]

for postoperative complications vary among different
centers and clinicians, which may explain the different
results among previously published studies.
We also included a certain number of gGISTs with
a diameter of > 5 cm, and the maximum diameter
in the LR group was 14 cm. Most of the tumors were
present outside of the stomach cavity. The basal part
of the tumor in the stomach wall was relatively small,
and the main body protruded from the serosa. The
tumor was slightly adherent to the surrounding organs
without invasion. With careful and precise dissection,
a laparoscopic technique was successfully applied
to divide the tumor and keep the pseudocapsule
intact. Therefore, we suggest that a large tumor
size is not an absolute contraindication for LR and
that individualized evaluation is necessary in each
case. Whether LR is a suitable choice depends on the
results of a comprehensive evaluation including tumor
location, growth features, and the relationship with the
surrounding tissues. LR is safe and feasible for gGISTs
in selected cases. Moreover, laparoscopic experience
is necessary, just as other guidelines have suggested.
OR or conversion to OR during LR may still be required
despite the advantages of LR. In the present study, we
excluded some very large tumors to balance the two
groups; one of these tumors was 29 cm. OR may be
more appropriate for these rare gGISTs. Moreover, a
large abdominal incision is usually needed to remove
such a large tumor.
The influence of LR and OR on the long-term
prognosis of patients with gGISTs is a concern of
clinicians, but the literature provides conflicting data
on this topic. Most studies have shown no significant
differences in postoperative recurrence and the
[35]
survival time between LR and OR . Some other
studies have obtained different results. A European
multicenter study of 61 centers involving 1413 patients
with gGISTs revealed that the 5-year DFS rate in the
LR group was significantly higher than that in the OR
[33]
group . In another meta-analysis, the recurrence
rate in the OR group was significantly higher than
that in the LR group. However, careful analysis of the
data revealed selection bias between the two groups.
Tumor size and risk stratification as two prognostic
factors closely correlated with recurrence were
unbalanced between the two groups. Once matched,
the recurrence rate in the OR group was not higher
[28]
than that in the LR group .
Most results to date were derived from retrospective
studies, which may have different conclusions
because of confounding factors or selection bias. After
matching for the main potential confounders in our
study, we found no significant difference in DFS or
OS between the two groups; this is consistent with
[35]
other reports . With a better understanding of the
molecular pathogenesis of GISTs and the application
of tyrosine kinase inhibitors, the prognosis of patients
[2]
with GISTs has been greatly improved . Some
studies have shown 5-year DFS rates of > 90% after
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adjuvant therapy
. Recent studies have found that
the main prognostic factors of GISTs are the patholo
gical features, including tumor size, mitotic count,
[10]
tumor location, and intraoperative rupture . The
potential influence of LR and OR on these prognostic
factors mainly depends on whether the incidence of
intraoperative rupture increases in association with
different approaches. As previously confirmed, with
a carefully performed operation and the use of a
specimen bag, LR is safe and feasible and does not
increase the risk of rupture in appropriately selected
patients. Furthermore, postoperative complications
in patients with a variety of other malignancies may
[37]
lead to a poor prognosis ; this is associated with the
negative effects of postoperative complications on the
[38]
initiation of subsequent anti-tumor therapy . However,
our study has proven that LR does not increase the
incidence of postoperative complications in patients
with gGISTs, and even in other studies, LR reduced the
[33]
postoperative complications . Notably, GISTs differ
from other malignant tumors derived from epithelial
cells in that R0 resection without lymphadenectomy
fulfils the principle of radical resection of GISTs. For
patients with epithelial malignant tumors, clinicians
are often concerned about whether LR can achieve
dissection of a sufficient range and number of lymph
[21]
nodes as in OR
because this factor is closely
associated with the prognosis of patients with such
[39]
tumors .
There are some limitations in our study. Like
all retrospective studies, selection bias may have
been present. Although we used PSM to balance the
baseline data between the two groups, some patients
were eliminated and the generality of all patients with
gGISTs may have been affected. For example, we
excluded some patients with large tumors in the OR
group, but OR may be more suitable for these tumors.
Moreover, when we chose the covariates for PSM,
some other factors that we did not consider may have
still been present. PSM is used only for observable
covariates, and some unknown confounding factors
may still have an impact on the results. Therefore,
prospective randomized controlled trials would be
meaningful and are expected.
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Surgical treatment is the gold standard for gastric gastrointestinal stromal
tumors (gGISTs). Increasingly more surgeons are performing laparoscopic
resection (LR) instead of open resection (OR) to treat gGISTs due to the
development and superiority of laparoscopic technology. The efficacy and
safety of LR remain unconfirmed and more high-level clinical evidence is
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data.
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This study was based on the experience of laparoscopic surgery for gGISTs

4601

July 7, 2017|Volume 23|Issue 25|

Ye X et al . Laparoscopic resection of gastric GISTs
in a large single center. The authors extracted the research data from their
database which has been prospectively maintained for more than ten years,
and retrospectively compared the two approaches using PSM to reduce
selection bias caused by potential confounders.
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Laparoscopic surgery for gGISTs is superior to open surgery with respect
to intraoperative parameters and postoperative recovery outcomes without
compromising long-term oncological outcomes.
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Applications

A large tumor size is not an absolute contraindication for LR of gGISTs. LR
is safe and feasible for gGISTs in selected cases after a comprehensive
evaluation including tumor location, growth features, and the relationship with
the surrounding tissues.
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Terminology

GISTs are the most common mesenchymal neoplasms of the alimentary system
and exhibit high resistance to conventional chemotherapy or radiotherapy.
Surgical resection is still the mainstay and most effective treatment for
GISTs to date. GISTs only require the achievement of R0 resection while
lymphadenectomy is not necessary. PSM is a useful statistical method which is
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and most observational studies to reduce selection bias caused by potential
confounders and ensure that the baseline data are balanced.
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Abstract
AIM
To investigate the fatty acid-based functional lipidomics
of patients on long-term home parenteral nutrition
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receiving different intravenous lipid emulsions.

insulin regulation of the FA pathway enzyme activities.

METHODS
A cross-sectional comparative study was carried out on
3 groups of adults on home parenteral nutrition (HPN),
receiving an HPN admixture containing an olive-soybean
oil-based intravenous lipid emulsion (IVLE) (OO-IVLE;
n = 15), a soybean- medium-chain triacylglycerol-olivefish oil-based IVLE (SMOF-IVLE; n = 8) or HPN without
IVLE (No-IVLE; n = 8) and 42 healthy controls (HCs).
The inclusion criteria were: duration of HPN ≥ 3 mo,
current HPN admixtures ≥ 2 mo and HPN infusions
≥ 2/wk. Blood samples were drawn 4-6 h after the
discontinuation of the overnight HPN infusion. The
functional lipidomics panel included: the red blood cell
(RBC) fatty acid (FA) profile, molecular biomarkers
[membrane fluidity: saturated/monounsaturated FA
ratio = saturated fatty acid (SFA)/monounsaturated
fatty acid (MUFA) index; inflammatory risk: n-6/n-3
polyunsaturated fatty acid (PUFA) ratio = n-6/n-3
index; cardiovascular risk: sum of n-3 eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA) = n-3
index; free radical stress: sum of FA trans isomers =
%trans index] and FA pathway enzyme activity estimate
(delta-9-desaturase = D9D; delta-6-desaturase = D6D;
delta-5-desaturase = D5D; elongase = ELO). Statistics
were carried out using nonparametric tests. The amount
of each FA was calculated as a percentage of the total
FA content (relative%).

Key words: Chronic intestinal failure; home parenteral
nutrition; intravenous lipid emulsion; cell membrane
fatty acid profile; cell membrane lipidome; functional
lipidomics
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Fatty acid-based “functional lipidomics”
investigates the structural and functional roles played
by lipids and their in vivo changes, and provides the
rationalisation of these changes in connection with
their biological significance. In this study, the effects
of two intravenous lipid emulsions with different fatty
acids profiles on the red blood cell membrane lipidome
in patients on long-term home parenteral nutrition for
chronic intestinal failure were investigated. The results
were analysed in terms of functional lipidomics. The
membrane lipidome was significantly modified by the
fatty acid profile of the intravenous lipid emulsions.
Functional lipidomics indicated that both the lipid
emulsion fatty acid profile and the glucose amount
of the parenteral nutrition admixture play a role in
regulating the activity of the enzymes of the fatty acid
metabolism pathways.
Pironi L, Guidetti M, Verrastro O, Iacona C, Agostini F, Pazzeschi
C, Sasdelli AS, Melchiorre M, Ferreri C. Functional lipidomics in
patients on home parenteral nutrition: effect of lipid emulsions.
World J Gastroenterol 2017; 23(25): 4604-4614 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i25/4604.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i25.4604

RESULTS
In the OO-IVLE group, the percentage of oleic acid
in the RBCs was positively correlated with the weekly
load of OO-IVLE (r = 0.540, p = 0.043). In the SMOFIVLE cohort, the RBC membrane EPA and DHA were
positively correlated with the daily amount of SMOFIVLE (r = 0.751, p = 0.044) and the number of HPN
infusions per week (r = 0.753; p = 0.046), respectively.
The SMOF-IVLE group showed the highest EPA and
DHA and the lowest arachidonic acid percentages (p <
0.001). The RBC membrane linoleic acid content was
lower, and oleic and vaccenic acids were higher in all
the HPN groups in comparison to the HCs. Vaccenic
acid was positively correlated with the weekly HPN load
of glucose in both the OO-IVLE (r = 0.716; p = 0.007)
and the SMOF-IVLE (r = 0.732; p = 0.053) groups.
The estimated activity of D9D was higher in all the HPN
groups than in the HCs (p < 0.001). The estimated
activity of D5D was lower in the SMOF-IVLE group than
in the HCs (p = 0.013). The SFA/MUFA ratio was lower
in all the HPN groups than in the HCs (p < 0.001). The
n-6/n-3 index was lower and the n-3 index was higher
in the SMOF-IVLE group in comparison to the HCs
and to the other HPN groups (p < 0.001). The %trans
index did not differ among the four groups.

INTRODUCTION
Chronic intestinal failure (CIF) is the persistent “reduction
of gut function below the minimum necessary for
the absorption of macronutrients and/or water and
electrolytes, such that intravenous supplementation
[1]
is required to maintain health and/or growth” .
Intravenous supplementation is required for a long
period or for the rest of the patient’s life. These patients
are metabolically stable, and they and/or their relatives
are trained to become independent in managing
intravenous (IV) feeding at home (home parenteral
[2]
nutrition, HPN) . In HPN programs, intravenous
supplementation consists of parenteral nutrition (PN)admixtures containing water, macronutrients (amino
acids, glucose, lipids), electrolytes, vitamins and trace
[3]
elements .
Intravenous lipid emulsions (IVLEs) are oil-in-water
emulsions consisting of one or more triacylglycerolcontaining oils, a phospholipid emulsifier and glycerol.
In PN-admixtures, IVLEs are primarily used as a
source of non-glucose energy and of essential fatty

CONCLUSION
The FA profile of IVLEs significantly influenced the cell
membrane functional lipidomics. The amount of glucose
in the HPN may play a relevant role, mediated by the
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acids (EFAs). For clinical purposes, the fatty acid (FA)
profile is the most relevant characteristic of the IVLE.
The first IVLE developed was a soybean oil-based IVLE
with a high content of n-6 polyunsaturated fatty acid
(PUFA) and linoleic acid (18:2; n-6) which may result
in a pro-inflammatory response. In order to decrease
the n-6 PUFA content, the second generation of IVLEs
consisted of a 50:50 (by weight) physical mixture of
soybean oil and medium-chain triacylglycerols (MCTs).
The third-generation of IVLE consisted of 80% olive
oil and 20% soybean oil by weight, and the fourth
included fish oil, either in combination with one or
more of the oils used in previous IVLEs, or alone. Fish oil
is rich in n-3 PUFAs, which may exert anti-inflammatory
[4-7]
properties .
The cell membrane FA profile (membrane lipidome)
depends on the interaction among genetic, metabolic
and nutritional factors, and represents a comprehensive
biomarker of the homeostatic (or allostatic) condition of
[8]
the subject . Fatty acid-based “functional lipidomics”
investigates the structural and functional roles played
by lipids and their in vivo changes due to metabolic or
degradation pathways, and provides the rationalisation
of these changes in connection with their biological
significance. Membrane lipidomics of red blood cells
(RBCs) is considered a snapshot of the individual
situation due to the close relationship between the
structure and the function of the RBC membrane and to
[8]
the RBC distribution in all body districts .
The aim of this study was to investigate the effects
of two IVLEs with different FA profiles on the RBC
membrane lipidome in patients on HPN for CIF and to
analyse the results in terms of functional lipidomics.

malignant disease.
The healthy control (HC) group consisted of healthy
subjects from the Lipinutragen s.r.l. (Bologna, Italy)
database, having age, gender and body mass index
(BMI) matched with the HPN patients.

Parameters recorded at the time of inclusion in the
study

Demographic, anthropometric and CIF charac
teristics: The parameters recorded were: patient
2
age, gender, BMI (kg/m ), primary disease and the
pathophysiological mechanism of CIF.
HPN schedule: The duration of HPN, the duration of
the current PN-admixture, the weekly frequency of
PN infusion and the composition of the PN-admixture
were recorded. The amount of lipids and glucose
infused was calculated as the amount per day of
infusion, amount per patient body weight per day of
infusion and total amount per week. Energy (kcal) was
calculated as the amount per day of infusion and as
the percentage of basal energy expenditure (BEE) on a
weekly basis [(kcal/infusion × number of infusions per
week/7/BEE) × 100]. The patient BEE was calculated
[9]
using the Harris-Benedict equation .
Oral food intake and intestinal fat absorption:
Oral food intake was evaluated using a 5-d selfreported weighed food intake record during which
patients were invited to maintain their usual diet. All
food records were reviewed by a dietitian. Energy
intake was calculated using a food database and
expressed in kcal/day. The assessment of the intestinal
fat absorption was carried out over a 3-d period.
The coefficient of the net digestive absorption was
expressed as the percentage of fat representing the
proportion of oral food not recovered in fecal output (%
fat absorption). Fecal lipid output was measured on
homogenized aliquots of 3-d pooled samples using the
[10]
Van de Kamer method .
The food intake evaluation was computed ± 7 d
from the blood sampling for RBC lipidome analysis and
the assessment of fat absorption ± 1 mo from blood
sampling.

MATERIALS AND METHODS
Study design and patient population

This was a cross-sectional study carried out on a
cohort of adult patients on HPN for benign CIF at
the Chronic Intestinal Failure Centre of S. OrsolaMalpighi University Hospital of Bologna, Italy. The
study was approved by the Local Ethics Committee (n
1468/2015). Voluntary informed written consent was
obtained from all patients.
The patient inclusion criteria were: age ≥ 18 years;
duration of HPN for ≥ 3 mo; days of HPN infusion
≥ 2 per week; HPN schedule, oral feeding and drug
therapy unchanged during the 2 mo before inclusion
®
in the study; PN-admixture containing Clinoleic 20%
(Baxter SAS, Maurepas-Cedex 78311, France), an
olive-soybean oil-based IVLE (20% soybean oil, 80%
®
olive oil; OO-IVLE) or Smoflipid 20% (Fresenius Kabi,
Bad Homburg, Germany), a soybean-MCT-olive-fish
oil-based IVLE (30% soybean oil, 30% MCT, 25% olive
oil, 15% fish oil; SMOF-IVLE) or PN without IVLE (NoIVLE).
The patient exclusion criteria were: the current use
of experimental drugs, pregnancy or the presence of

WJG|www.wjgnet.com

Lipidomics analysis

The lipidomics analysis was carried out by Lipinutragen
s.r.l., a spin-off of the National Research Council
(Consiglio Nazionale delle Ricerche, CNR).
The venous blood samples were drawn in the
morning, in the fasting state, 4-6 h after discontinuation
of the overnight HPN infusion. Blood (approximately
2 mL) was collected in vacutainer tubes containing
ethylenediaminetetraacetic acid (EDTA). Samples were
stored at 4 ℃ until analysis which was carried out 10-15
d after collection.
Lipid extraction and lipid transesterification to fatty
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acid methyl esters (FAMEs) was performed using
an automated protocol which included a selection
[11]
of RBCs which had been aged for three months .
The erythrocytes were separated from the plasma
by centrifugation (4000 rpm for 5 min at 4 ℃), they
were then suspended in pure water, vortexed and
subsequently centrifuged (14000 × g for 15 min at
4 ℃) to isolate the membrane pellets. Phospholipids,
extracted from pellets using the Bligh and Dyer
[10]
method , were transesterified to FAMEs by treatment
with a potassium hydroxide (KOH)/methyl alcohol
(MeOH) solution (0.5 mol/L) for 10 min at room
temperature and were subsequently extracted using
n-hexane (2 ml). The FAMEs were analysed using
capillary column gas chromatography (GC). The GC
analysis was run on the Agilent 6850 Network GC
System, equipped with a fused silica capillary column
Agilent DB23 (60 m × 0.25 mm × 0.25 μm) having a
flame ionisation detector.
The GC analysis of the fatty acids released showed
the separation of all fatty acids and their isomers.
Identification was made by comparing them to
commercially available standards and to a library of
isomers trans monounsaturated fatty acids (MUFAs)
and polyunsaturated fatty acids (PUFAs) available
[12]
at Lipinutragen S.r.l. . The amount of each FA was
calculated as a percentage of the total FA content
(relative%).

The inflammatory risk index (n-6/n-3 ratio): The
ratio of n6 and n3 PUFAs was involved in regulating the
inflammatory responses. An elevated value of the n-6/
n-3 ratio can drive the lipid metabolic pathways to the
production of pro-inflammatory mediators (reference
[8]
range 3.5-5.5) .
The n-3 cardiovascular risk index (n-3 index): The
n-3 index is the sum of the relative percentage of two
prominent n-3 PUFAs in the RBC membrane: EPA and
DHA. The n-3 index risk is categorised as high (< 4%),
[13]
intermediate (4%-8%) and low ( > 8%) .
The free radical stress index (%Transindex): This
index is the sum of the relative percentage of the trans
isomer of oleic acid and 5- and 8-monotrans isomers
of arachidonic acid (reference range 0%-0.4%). Trans
isomers of unsaturated FAs are present in industrially
produced and partially hydrogenated vegetable oils.
It has been demonstrated that they are also formed
in vivo by means of the double bond isomerisation
process, catalysed by radical species. The perturbation
produced by the unnatural trans geometry to mem
brane properties negatively affects eukaryotic cell
[14-16]
survival
.

Lipidomics analysis parameters

Metabolic pathway of SFAs and MUFAs: Delta-9desaturase (D9D) (Figure 1): This enzyme catalyses
the double bond formation in the biosynthetic
pathways of saturated and monounsaturated FAs. It
converts palmitic acid (C16:0) and stearic acid (C18:0)
into palmitoleic acid (C16:1; 9c) and oleic acid (18:1;
9c), respectively. Its activity was estimated using the
palmitic acid/palmitoleic acid ratio and by the stearic
acid/oleic acid ratio. The lower the ratio, the higher the
D9D activity.

Membrane FA profile (lipidome): The FA panel
included saturated fatty acids (SFAs: palmitic acid:
C16:0; stearic acid: C18:0); MUFAs (palmitoleic
acid: C16:1;11c; oleic acid: C18:1;9c; vaccenic acid:
C18:1;11c); n-6 PUFAs [linoleic acid: C18:2; dihomoγ-linoleic acid (DGLA): 20:3; arachidonic acid (ARA):
C20:4] and n-3 PUFAs [eicosapentaenoic acid (EPA):
C20:5; Docosahexaenoic acid (DHA): C22:6] and the
trans isomers of oleic acid (trans-C18:1, 9c) and of
arachidonic acid (mono trans-C20:4; n-6).

Metabolic pathway of n-6 PUFAs: Delta-6desaturase + Elongase (D6D+ELO) (Figure 2): Delta6-desaturase converts linoleic acid (C18:2; n-6) into
γ-linoleic acid (GLA; C18:3; n-6); ELO then catalyses
the conversion of GLA into DGLA (C20:3; n-6). The
ratio between the relative percentages of linoleic acid
(1C8:2; n-6) and DGLA (C20:3; n-6) estimates the
activity of these two enzymes. The lower the ratio, the
higher the D6D and ELO activity.
Delta-5-desaturase (D5D) (Figure 2): This
enzyme catalyses the next step of the n-6 PUFA
metabolic pathway, converting DGLA (C20:3; n-6) into
arachidonic acid (20:4; n-6). Due to the higher relative
percentage of arachidonic acid, the estimated activity
of this enzyme was calculated as product/precursor
ratio (arachidonic acid/DGLA. The higher the ratio, the
lower the D5D activity.

Enzyme activity estimate: The desaturase and
elongase activities were estimated by calculating
the precursor/product or product/precursor ratio of
individual FAs.

Functional lipidomics is based on the analysis of the
RBC membrane FA profile. The panel of functional
lipidomics carried out by Lipinutragen s.r.l. included
some molecular biomarkers of the physical properties
of the membrane and of specific risks. Furthermore,
the activity of elongase and desaturase, the two
classes of enzymes of the MUFA and PUFA biosynthetic
pathways was estimated by calculating the precursor/
product ratio of the individual FAs.

Molecular biomarkers: The membrane fluidity
index (SFA/MUFA ratio): The ratio of saturated and
unsaturated fatty acids is one of the factors regulating
the fluidity of the cell membrane; the higher the value
of the SFA/MUFA ratio, the lower the fluidity of the
[8]
membrane (reference range 1.7-2.0) .
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Figure 1 The main biosynthetic pathway of saturated (SFAs) and monounsaturated (MUFAs) fatty acids.
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Figure 2 The pathways of omega-6 and omega-3 fatty acids.

Analysis of the FA profile of the IVLEs

less than 0.05 were considered to be significant.

The FA profiles of OO-IVLE and SMOF-IVLE were also
analysed by testing three different batches of each
IVLE.

RESULTS
Study cohorts

Statistical analysis

Thirty-one patients were included in the study: 15 in
the OO-IVLE group, 8 in the SMOF-IVLE group and 8
in the No-IVLE group. The HC group consisted of 42
healthy subjects, age, gender and BMI matched with
the patients. Table 1 shows the characteristics of the
four groups of subjects. The groups were similar with
respect to gender, age and BMI. The duration of the
HPN and the weekly frequency of PN infusions did not
differ among the HPN groups. The amount of IVLE
infused was similar between the OO-IVLE and SMOFIVLE groups.

Variables are reported as medians (ranges) and
percentages. The Mann-Whitney U-test and the
Kruskall-Wallis test were used for group comparison,
and the Spearman’s rank correlation was used to
investigate the correlations between the continuous
2
variables. Frequencies were compared using the χ test.
The statistical analysis was carried out by running the
Statgraphics Centurion Professional statistical package
(Version XVI, Statpoint Technologies.inc, Warrenton,
VA, United States) on a personal computer. P values
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Table 1 Characteristics of the study groups
OO-IVLE

SMOF-IVLE

Demographic, anthropometric and disease characteristics
N of subjects (M/F)
15 (8/7)
8 (3/5)
Age (yr) median (range)
56 (19-78)
44 (19-73)
BMI (kg/m2) median (range)
22 (12-25)
20 (17-23)
Cause of CIF n (%)
SBS
9 (60)
5 (62)
Fistulas
2 (25)
Dysmotility
5 (33)
1 (12)
Mucosal disease
1 (7)
Primary disease n (%)
Mesenteric ischemia
6 (40)
1 (12)
CIPO
5 (32)
1 (12)
Crohn’s disease
1 (7)
3 (36)
Others
3 (21)
3 (36)
Home parenteral nutrition schedule and oral feeding characteristics
HPN schedule: median (range)
Duration (mo)
65 (2-261)
29 (5-53)
Current duration (mo)
26 (2-96)
7 (5-14)
Infusions (n/wk)
7 (3.5-7)
7 (2-7)
Lipids (n inf/wk)
7 (3.5-7)
7 (2-7)
(g/inf)
48 (26-60)
45 (28-56)
(g/kg of BW/inf)
0.79 (0.38-1.10)
0.86 (0.43-1.20)
(g/wk)
210 (100-406)
203 (180-350)
Glucose (g/inf)
169 (84-350)
198 (115-375)
(g/kg of BW/inf)
3.3 (1.4-5.5)
3.8 (2.4-5.8)
(g/wk)
1014 (300-2450)
1382 (473-2625)
Amino acids (g/inf)
50 (24-106)
61 (50-100)
Energy (Kcal/inf)
1400 (739-2104)
1544 (837-2180)
(Kcal/BEE × 100)1
99% (26%-149%)
122% (59%-147%)
Oral feeding: median (range)
Intake (Kcal/d)
1510 (0-2657)
1071 (0-2827)
Fat Absorption (% ingested)
38 (0-88)
27 (0-68)

No-IVLE

HC

P value
(4 groups)

8 (2/6)
56 (29-64)
21 (16-29)

42 (19/23)
46 (16-78)
22 (17-26)

0.4051
0.4051
0.1407
0.0791

P value
(OO vs SMOF)

8 (100)
0.0037
1 (12)
4 (50)
3 (38)

0.0627

17 (6-278)
7 (2-19)
7 (2-7)
150 (36-265)
2.3 (0.9-5.0)
1050 (300-1855)
29 (0-72)
700 (144-1345)
54% (7%-116%)

0.2765
0.0620
0.8028
0.3370
0.5959
0.4265
0.0553
0.0117
0.0568

0.5682

1834 (930-2965)
71 (21-95)

0.1114
0.1816

-

0.6946
0.8601
0.6260
0.8210
0.2070
0.4578
0.4114

1

Calculated by: [(Kcal/infusion × weekly frequency of infusions/7)/basal energy expenditure (BEE)] × 100. IVLE: Intravenous lipid emulsion; OO-IVLE
group: Patients receiving a PN admixture containing Clinoleic 20%; SMOF-IVLE group: Patients receiving a PN admixture containing SMOF lipid ®20%;
No-IVLE group: Patients receiving PN without IVLE; HC: Healthy controls; BMI: Body mass index; CIF: Chronic intestinal failure; BW: Body weight; SBS:
Short bowel syndrome; CIPO: Chronic Intestinal Pseudo-obstruction; HPN: Home Parenteral Nutrition; Current duration: Duration of current parenteral
nutrition admixture prescription.

FA profile of the IVLEs

IVLE groups than in the SMOF-IVLE group. Palmitoleic
acid (16:1) was higher in the OO-IVLE and No-IVLE
groups than in the HCs.
Total PUFA content did not differ among the groups.
The amount of linoleic acid (18:2, n-6) was lower in
the HPN groups than in the HCs. The DGLA (20:3, n-6)
was higher in the OO-IVLE group than in the SMOFIVLE group and in the HCs. Arachidonic acid (20:4, n-6)
was lower, and EPA (20:5, n-3) and DHA (22-6, n-3)
were higher in the SMOF-IVLE group than in the other
study groups. The highest value of arachidonic acid,
and the lowest value of both EPA and DHA, were found
in the No-IVLE group .
The percentages of trans-oleic acid (C18:1, 9C)
and 5-8 mono-trans-arachidonic acid (C20:4) did not
differ among the groups.

The FA profile of the IVLEs was in agreement with
that stated by the manufacturers. The OO-IVLE had
a higher percentage of MUFAs and an n-6/n-3 ratio
of 10:1. The SMOF-IVLE showed higher linoleic and
alpha-linolenic acid percentages, approximately 3% of
EPA (20:5; n 3) and DHA (22:6; n 3), and an n-6/n-3
ratio of 3:1. In both IVLEs, neither the trans isomer
of oleic acid nor the 5-and 8-monotrans isomers of
arachidonic acid were detected (Table 2).

Fatty acid pattern of the RBC membrane

Total SFAs did not differ among the groups. In
comparison with the HCs, the palmitic acid (16:0)
concentration was significantly higher in the SMOF and
No-IVLE groups whereas stearic acid (18:0) was lower
in all the HPN groups (Table 2 and Figure 3).
Total MUFAs, as well as oleic acid (18:1, 9C) and
vaccenic acid (18:1, 11C), were higher in the HPN
groups than in the HCs. Among the HPN groups, total
MUFAs showed higher values in the OO-IVLE and No-
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Molecular biomarkers

Membrane fluidity index: The SFA/MUFA ratio was
lower in the HPN groups than in the HCs. The OOIVLE group showed the lowest value (1.99; range:

4609

July 7, 2017|Volume 23|Issue 25|

Pironi L et al . Lipidomics in home parenteral nutrition

A

35%
30%

P = 0.036
P = 0.039

25%
20%

OO-IVLE
SMOF-IVLE
No-IVLE
HC

P < 0.001
P = 0.005
P = 0.002

P < 0.001
P = 0.007
P = 0.000

15%
10%
5%
0%

B

Palmitic acid (C16:0)

Stearic acid (C18:0)

35%

P < 0.001
P < 0.001
P < 0.001

10%

P < 0.001 P < 0.001
P < 0.001

P = 0.014
P = 0.048

5%
0%

OO-IVLE
SMOF-IVLE
No-IVLE
HC

P < 0.001
P < 0.001
P < 0.001

25%

15%

Palmitoleic acid (C16:1) Oleic acid (C18:1; 9c) Vaccenic acid (C18:1; 11c)

P < 0.001P < 0.001

30%

20%

P < 0.001
P < 0.001
P < 0.001

P = 0.003
P < 0.001

Linoleic acid (C18:2; n6)

DGLA (C20:3; n6) Arachidonic acid (C20:4; n6)

EPA (C20:5; n3)

P = 0.048
P < 0.001 P < 0.001
P < 0.001

DHA (22:6; n3)

Figure 3 Fatty acid pattern of the red blood cell membrane. A: Saturated fatty acids (SFAs) and monounsaturated fatty acids (MUFAs); B: Polyunsaturated fatty
acids (PUFAs). The amount of each fatty acid was calculated as a percentage of the total fatty acid content (relative%). Data are expressed as medians. RBCs: Red
blood cells; IVLE: Intravenous lipid emulsion; OO-IVLE group: Patients receiving a PN admixture containing Clinoleic 20%; SMOF-IVLE group: Patients receiving
PN admixture containing SMOF-lipid ®20%; No-IVLE group: Patients receiving PN without IVLE; HC group: Healthy controls; DGLA: Dihomo-γ-linoleic acid; EPA:
Eicosapentaenoic acid; DHA: Docosahexaenoic acid.

Table 2 Fatty acid profile of the intravenous lipid emulsions and of the red blood cell membrane in the study groups
Fatty acids, % total FAs
Palmitic (16:0)
Stearic (18:0)
Palmitoleic (16:1)
Oleic (18:1; 9c)
Vaccenic (18:1; 11c)
Linoleic (18:2; n-6)
DGLA (20:3; n-6)
Arachidonic (20:4; n-6)
Alfa-linoleic (18:3; n-3)
EPA (20:5; n-3)
DHA (22:6; n-3)
trans-Oleic
5-8-trans-Arachidonic
Total SFAs
Total MUFAs
Total PUFAs

OO-IVLE

SMOF-IVLE

OO-IVLE group

SMOF-IVLE group

No-IVLE group

HC group

P value

12.8
3.7
0
61.8
2.3
17.7
0
0
1.7
0
0
0
0
16.5
65.1
19.4

14.1
4.4
0
43.3
2.5
26.9
0
0
2.4
3.4
3
0
0
18.5
45.8
35.7

26.2 (23.1-30.6)
16.7 (14.3-18.3)
0.5 (0.4-0.9)
18.9 (17.8-23.5)
1.9 (1.6-2.7)
8.7 (5.5-10.4)
2.2 (1.5-3.9)
18.3 (10.0-21.1)
< 0.01
0.6 (0.4-4.5)
4.8 (3.4-8.4)
0.1 (0.1-0.2)
0.1 (0.1-0.2)
43.5 (41.1-46.4)
21.5 (20.7-25.6)
34.4 (30.6-37.1)

28.1 (24.8-30.6)
16.8 (15.9-18.3)
0.5 (0.2-0.8)
18.6 (17.3-19.9)
1.7 (1.5-2.3)
9.2 (7.2-10.9)
1.9 (1.1-2.1)
12.2 (10.7-14.4)
< 0.01
3.2 (2.1-5.0)
7.6 (6.2-10.4)
0.1 (0.0-0.2)
0.1 (0.0-0.2)
44.9 (40.7-47.4)
20.9 (19.7-21.9)
33.7 (31.0-39.2)

28.1 (26.1-29.4)
16.1 (14.2-16.7)
1.0 (0.3-1.8)
18.9 (16.6-22.5)
2.2 (1.7-3.3)
7.7 (3.9-9.6)
2.2 (1.5-2.9)
19.2 (18.4-20.3)
< 0.01
0.5 (0.4-1.0)
3.9 (3.0-4.7)
0.2 (0.0-0.2)
0.2 (0.0-0.1)
44.0 (40.8-45.6)
21.9 (20.7-27.1)
33.8 (28.9-35.7)

26.6 (20.3-29.6)
18.1 (13.4-20.7)
0.4 (0.2-0.7)
17.1 (14.2-22.2)
1.4 (0.9-2.6)
11.6 (8.8-14.4)
2.0 (1.5-2.8)
16.8 (13.1-21.4)
< 0.01
0.7 (0.2-6.0)
5.2 (2.3-8.4)
0.1 (0.0-0.2)
0.1 (0.0-0.3)
44.3 (37.7-50.1)
19.5 (15.8-24.8)
35.7 (24.4-39.2)

0.040
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.049
< 0.001
< 0.001
< 0.001
0.275
0.109
0.786
0.001
0.937

The amount of each fatty acid was calculated as a percentage of the total fatty acid content (relative%). Data are expressed as medians (ranges); IVLE:
Intravenous lipid emulsion; RBCs: Red blood cells; OO-IVLE: Clinoleic 20%; SMOF-IVLE: SMOF lipid ®20%; DGLA: Dihomo-γ-linoleic acid; EPA:
Eicosapentaenoic acid; DHA: Docosahexaenoic acid; FAs: Fatty acids; SFAs: Saturated fatty acids; MUFAs: Monounsaturated fatty acids; PUFAs:
Polyunsaturated fatty acids; n6-PUFAs: Omega 6-PUFAs; n3-PUFAs: Omega 3-PUFAs; OO-IVLE group: Patients receiving a PN admixture containing
Clinoleic 20%; SMOF-IVLE group: Patients receiving a PN admixture containing SMOF lipid ®20%; No-IVLE group: Patients receiving PN without IVLE;
HC group: Healthy controls.

1.66-2.12) (Figure 4).
Inflammatory risk index: The lowest n-6/n-3
ratio was found in the SMOF-IVLE group (2.05, range
1.56-3.01) and the highest in the No-IVLE group
(6.5, range 4.78-9.17). No statistical difference was
present between the OO-IVLE group and the HCs [5.65
(2.44-12.8) and 4.90 (1.57-7.05), respectively].
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n-3 cardiovascular risk index: The n-3 index value
ranged from 4 to 8% (intermediate risk) in the OOIVLE and No-IVLE groups, and the HCs [5.5 (3.8-12.9),
4,7 (3.4-5.3), 6.1 (2.6-10.6), respectively] whereas it
was > 8% (low risk) in the SMOF-IVLE group [(10.8
(8.3-14.0)].
Free radical stress index: The median value of
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Membrane fluidity: SFA/MUFA index
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6
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2.0
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10
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Inflammatory risk: n-6/-n3 index

2
0
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P < 0.001 P < 0.001
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10%
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Free radical stress: % TRANS index

0.4%
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P < 0.001
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0.2%
0.1%
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Figure 4 Molecular biomarkers. Data are expressed as medians; IVLE: Intravenous lipid emulsion; OO-IVLE group: Patients receiving a PN admixture containing
Clinoleic 20%; SMOF-IVLE group: Patients receiving aPN admixture containing SMOF lipid ®20%; No-IVLE group: Patients receiving PN without IVLE; HC group:
Healthy controls; SFAs: Saturated fatty acids; MUFAs: Monounsaturated fatty acids; n-3 Index: Sum of the percentages of EPA and DHA; %TRANS index: Sum of the
percentages of trans isomers of oleic acid and arachidonic acid.

the %Trans index was within the reference ranges
(0%-0.4%) in all the groups (range 0.2%-0.3% in
OO-IVLE and No-IVLE, 0.1%-0.2% in SMOF-IVLE and
0.2%-0.2% in HCs).

ARA/GLA ratio was lower in the SMOF-IVLE group than
in the HCs, suggesting decreased D5D activity in the
SMOF-IVLE group.

Spearman rank correlations between the PN infusion
and the RBC membrane lipidome

Enzyme activity estimate

Metabolic pathway of the SFAs (D9D): The pal
mitic/palmitoleic acid ratio was lower in the OO-IVLE
and the No-IVLE groups than in the HCs, suggesting
increased D9D activity in converting palmitic acid
(16:0) into palmitoleic acid (16:1) in both groups. No
significant difference was found between the SMOFIVLE group and the HCs (Figure 5).

In the OO-IVLE group, a positive significant correlation
was found between the weekly amount of lipid infused
with PN (g/W) and the RBC oleic acid (18:1:9c) (n =
15; r = 0.540, p = 0.043).
In the SMOF-IVLE group, the RBC EPA (20:5, n = 3)
was positively associated with the weekly amount of
lipid infused (g/inf) (n = 8; r = 0.751, p = 0.044).
Red blood cell vaccenic acid (18:1; 11c) was posi
tively correlated with the weekly amount of glucose
infused with PN (g/W) in both the OO-IVLE (n = 15; r
= 0.716; p = 0.007) and SMOF-IVLE (n = 8; r = 0.732;
p = 0.053) groups.

Metabolic pathway of the MUFAs (D9D): The
stearic/oleic acid ratio was lower in all the HPN groups
than in the HCs, suggesting increased activity of D9D
in converting stearic (18:0) into oleic acid (18:1; 9C)
in patients on HPN (Figure 5).

DISCUSSION

Metabolic pathway of the n-6 PUFAs: The linoleic/
DGLA ratio was lower in the OO-IVLE and No-IVLE
groups than in both the SMOF-IVLE group and the
HCs, suggesting higher activity of D6D and ELO in
converting linoleic acid (18:2; n6) into DGLA (20:3;
n6) in both the OO-IVLE and No-IVLE groups. No
difference was found between the SMOF-IVLE group
and the HCs.
The ARA/GLA ratio did not statistically differ among
the HPN groups, suggesting similar D5D activity in
converting DGLA (20:3; n6) into ARA (20:4; n6). The
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In this study, the functional lipidomics analysis was
used to interpret the effects of two IVLEs on the RBC
membrane FA profile (membrane lipidome) of patients
on HPN for CIF. The results of the membrane lipidome
[7]
analysis are in agreement with previous findings .
The functional lipidomics analysis allowed these
findings to be translated into their potential biological
effects, previously unreported data. The limitations of
the present study were similar to those of the previous
[7]
studies . They were mainly represented by the small
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size of the patient cohorts and by the lack of detailed information regarding oral fat intake. However, in the present study, the low intestinal fat absorption observed
in both the OO-IVLE and SMOF-IVLE groups would suggest that oral lipids had a limited impact on the RBC membrane lipidome. In fact, in patients receiving the OOIVLE, the percentage of oleic acid in the RBC membrane showed the highest numeric value and was positively correlated with the weekly load of OO-IVLE infused with

Figure 5 Enzyme activity estimate. The activity of delta-9-desaturase was estimated using the precursor/product ratio: the lower the value of ratio, the higher the enzyme activity. The delta-6-desaturase + Elongase activity was estimated
using the precursor/product ratio: the lower the value of ratio, the higher the enzyme activity. The estimated activity of delta-5- desaturase was calculated as the product/precursor ratio due to the higher relative percentage of ARA: the lower
the value of the ratio, the lower the enzyme activity. The amount of each fatty acid was calculated as a percentage of the total fatty acid content (relative%). Data are expressed as medians (ranges). IVLE: Intravenous lipid emulsion; OO-IVLE
group: Patients receiving a PN admixture containing Clinoleic 20% ; SMOF-IVLE group: Patients receiving a PN admixture containing SMOF lipid ®20% ; No-IVLE group: Of patients receiving PN without IVLE ; HC group: Healthy controls; ARA:
Arachidonic acid; SFAs: Saturated fatty acids; MUFAs: Monounsaturated fatty acids.
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PN. The group receiving the SMOF-IVLE showed the
statistically significant highest percentage of EPA
and DHA in the membrane lipidome. The former was
positively correlated with the weekly amount of infused
SMOF-IVLE.
In comparison with the HCs, the total MUFA
percentage, as well as the oleic acid and vaccenic acid
percentages in the RBC membrane, were increased in
all the HPN groups. The functional lipidomics indicated
that the activity of the D9D, which converts palmitic
acid into palmitoleic acid and stearic acid into oleic
acid was increased in all the HPN cohorts. A positive
correlation was found between the weekly load of
glucose infused with PN and the percentage of vaccenic
acid in the RBC membrane. As it is known that insulin
[8,17,18]
activates all the enzymes of the PUFA pathways
,
it could be suggested that the increase in MUFAs in the
RBC membrane may be due to the insulin stimulation
of D9D by the iv glucose load with HPN.
The RBC membrane linoleic acid percentage was
lower in all the HPN groups than in the HCs, although
it was the second most abundant FA in the IVLEs.
These data have also been described in previous
studies investigating patients receiving a soybeanbased IVLE, the IVLE with the highest linoleic acid
[7,19-22]
content
. The low linoleic acid percentage in the
RBC membrane did not seem to be justified by an
inadequate supply with PN as both the OO-IVLE and
SMOF-IVLE groups received an amount of linoleic acid
(8% and 6% of total PN calories, respectively) greater
[23]
that the 1%-4% needed to prevent EFA deficiency .
In both the OO-IVLE and the No-IVLE groups, the
low linoleic acid percentages were associated with
increased arachidonic acid percentages. Also in this
case, the functional lipidomics analysis suggested that
the low linoleic acid percentages could have been due
to the insulin stimulation of the activity of enzymes of
the n-6 pathway, that catalysed the desaturation and
elongation of Linoleic acid to DGLA (D6D and ELO) and
the desaturation of DGLA to Arachidonic acid (D5D). In
the SMOF-IVLE group, the low linoleic acid percentage
was associated with an arachidonic acid percentage
significantly lower than in the OO-IVLE and No-IVLE
groups, suggesting a decrease in D5D. This could
also have been due to the higher n-3 PUFA content of
SMOF-IVLE because the affinity of both D6D and D5D
for the n-3 PUFA is higher than that for the n-6 PUFAs,
provided that the dietary n-3 to n-6 PUFA ratio is in the
[24]
range of 1:1 to 4:1 .
The molecular biomarkers of FA-related functions
indicated some differences among the HPN groups.
The membrane fluidity index, represented by the
SFA/MUFA ratio, was normal in all the HPN groups,
with the OO-IVLE group showing the greatest mem
brane fluidity. The maintenance of physiological
cell membrane fluidity is a prerequisite for proper
membrane function because it has a pivotal role in
modulating the activity of the membrane enzymes,
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receptors, channels and transporters . The in
flammatory index, (expressed by the n-6/n-3 PUFA
ratio), and the cardiovascular index (represented by
the sum of the n-3 PUFAs) showed better values in
the SMOF-IVLE group, reflecting the replacement of
n-6 PUFAs with n-3 PUFAs in the RBC membrane,
in agreement with the higher n-3 and the lower
n-6 contents of the SMOF-IVLE. A decrease in cell
membrane n-6-PUFA content, mainly arachidonic acid,
associated with an increase in n-3 PUFAs, EPA and
DHA, modified the balance of eicosanoid and cytokine
production from a generally pro-inflammatory profile to
a less inflammatory and even inflammation-resolving
[26,27]
profile
. The n-6/n-3 ratio of patients receiving the
OO-IVLE was similar to that of the HCs. In the NoIVLE patients, the n-6/n-3 index showed an increased
inflammatory index. This could have been due to the
lack of PN supply of FAs, and/or to insufficient oral
intake and/or absorption of n-3 PUFAs associated with
the above-mentioned insulin secretion due to the long[17,18]
term PN infusion of glucose
. Finally, in all the PNgroups, the %trans index was within the normal range.
This would indicate that, in our patients, there was no
increased radical stress. Furthermore, trans isomers of
oleic and arachidonic acids were not found in either of
the IVLEs tested, indicating that the oil refining process
utilised for their production appeared to be safe and
free from trans isomer formation.
In conclusion, this study confirmed that the FA
profile of IVLEs significantly influenced the cell mem
brane lipidome, indicated its functional relevance and
suggested that other factors of the PN-admixture, such
as the glucose content, may play a relevant role.
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Abstract
AIM
To investigate the characteristic radiologic findings
of cryptogenic multifocal ulcerous stenosing enteritis
(CMUSE) which can be differentiated from other similar
bowel disease and to assess their clinical behavior.
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METHODS
Twenty pathologically and clinically confirmed CMUSE
patients (males:females = 8:12; mean age: 40.4 years)
between March 2002 and August 2015 from seven
academic centers in South Korea were retrospectively
reviewed. We evaluated small bowel series (SBS;
n = 25), computed tomography (CT) enterography
(n = 21), magnetic resonance (MR) enterography
(n = 2), and abdominopelvic CT (n = 18) images,
focusing on enteric and perienteric manifestations.
Any change in radiologic features during followup period was recorded. We evaluated clinical data
including presenting symptoms, laboratory finding and
presence of relapse from electronic medical records.
Histopathologic findings were also evaluated.

radiologic features of CMUSE were multiple short
strictures and/or shallow ulcers of the small intestine
without significant bowel obstruction. Some strictures
had recurrent shallow ulceration that might progress to
more severe strictures. Under these radiologic findings
with relapsing episodes, CMUSE should be considered
when assessing patient with recurrent abdominal pain
and anemia.
Hwang J, Kim JS, Kim AY, Lim JS, Kim SH, Kim MJ, Kim MS,
Song KD, Woo JY. Cryptogenic multifocal ulcerous stenosing
enteritis: Radiologic features and clinical behavior. World J
Gastroenterol 2017; 23(25): 4615-4623 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i25/4615.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i25.4615

RESULTS
The main symptoms were abdominal pain (n = 12)
and anemia (n = 10). All patients showed small bowel
strictures (n = 52, mean: 2.6 per patient) on initial
CT/MR, located in the ileum (n = 47) or jejunum (n =
5). Strictures showed short-length (mean: 10.44 mm)
and circumferential bowel wall thickening (mean: 5.56
mm) with layered enhancement (n = 48) that were
also noted on initial SBS (n = 36) with shallow ulcers
(n = 10). Some ulcerative lesions or wall thickening
progressed into strictures on follow-up SBS/CT, and
some strictures revealed recurrent ulceration on followup SBS. There were no penetrating disease features
like fistula or abscess and no gastrointestinal tract
involvement except the small bowel. Nine patients
experienced disease recurrence (median relapse-free
period: 32 mo) even post-operatively. Histopathologic
features of surgically resected specimens were
characterized as multiple superficial ulcerations confined
to mucosa or submucosa and multiple strictures.

INTRODUCTION
Cryptogenic multifocal ulcerous stenosing enteritis
(CMUSE) is a rare disease characterized by chronic
and recurrent ileus resulting from multiple unexplained
strictures and superficial ulcerations of the small
[1,2]
intestine . At present, CMUSE is diagnosed mainly
based on clinical and macroscopic imaging features
of the small intestine. However, CMUSE is frequently
misdiagnosed as other ulcerative small bowel diseases,
such as Crohn’s disease (CD) or nonsteroidal antiinflammatory drugs (NSAIDs)-induced enteropathy,
because of similar clinical symptoms and nonspecific
[3,4]
laboratory findings .
Although double-balloon endoscopy seems to be
the most important diagnostic tool, it is still difficult
to diagnose CMUSE even after ruling out the abovementioned diseases due to limited diagnostic tools
and lack of characteristic radiologic features on
computed tomography (CT) or small bowel series
(SBS). Consequently, most patients with CMUSE have
suffered from improper diagnosis and management,
including unnecessary surgery.
To our knowledge, most studies about CMUSE
have focused on clinical findings and vague radiologic
findings such as the presence or absence of strictures
[3,4]
and ulcers . Hence, this study aims to investigate the
characteristic findings of CMUSE that can differentiate
the disease from other similar bowel diseases and
to assess their clinical behavior through analysis
of serial radiologic imagings including SBS, routine
abdominopelvic CT (APCT), CT enterography (CTE),
and/or magnetic resonance (MR) enterography (MRE)
as part of routine abdominal examination in a clinical
setting.

CONCLUSION
Under characteristic radiologic findings with multiple
short-segmental strictures and/or shallow ulcers of the
small intestine, CMUSE should be considered when
assessing patients with recurrent abdominal pain and
anemia.
Key words: Cryptogenic multifocal ulcerous stenosing
enteritis; small intestine; Computed tomography; Small
bowel series; diagnosis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The patients with multiple unexplained
strictures and recurrent abdominal pain are challenging
to most physician in daily practice. Because cryptogenic
multifocal ulcerous stenosing enteritis (CMUSE)
is a rare disease, this disease entity is frequently
misdiagnosed as other small bowel diseases and often
undergoes unnecessary surgery. Then, we focused
on the characteristic radiologic and clinical findings of
CMUSE that can differentiate the disease from other
similar bowel diseases. In our study, characteristic
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MATERIALS AND METHODS
Study population

Between March 2002 and August 2015, 36 patients
with suspected CMUSE were included from seven
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academic centers in South Korea. The diagnostic
[1,5]
criteria for CMUSE were based on previous studies :
(1) unexplained small bowel strictures; (2) superficial
ulcer in the mucosa and submucosa; (3) chronic or
relapsing ulcerative stenosis and abdominal pain; (4)
no signs of systemic inflammation; and (5) persistent
and occult blood loss from the gastrointestinal (GI)
tract except during bowel rest or postoperative period.
Patients’ records were reviewed to confirm CMUSE
as final diagnosis. Twelve patients were excluded due
to lack of any pathologic proof suggesting superficial
mucosal or submucosal disease. Four patients were
also excluded because their final histopathology
showed transmural inflammation (n = 2) or panmural
inflammation with bowel perforation (n = 2). Patients
(8 males, 12 females) were aged 15-64 years (mean,
40.4 ± 14.8) when CMUSE was diagnosed. All patients
underwent at least one radiologic examination
including SBS, APCT, CTE, or MRE. This study was
approved by the IRB of Asan medical center, Seoul,
Korea (number, 2016-0235).

Japan) with intravenous contrast material (Ultravist
370, Schering, Berlin, Germany; Omnipaque,
Amersham Health, Inc., Princeton, NJ, United States).
APCT consisted of a non-contrast enhanced image
and a portal phase image with a fixed 60-70-s delay
following the injection of intravenous contrast media.
CTE consisted of a non-contrast image, enteric
phase, and portal venous phase image. The entericand portal- phase scans were obtained with a 20-25-s
delay using a bolus-triggering method or a fixed
40-s delay, and a fixed 70-80-s delay after injection,
respectively. CTE or MRE was performed after ingestion
of 1200 mL of neutral oral contrast agent using a
polyethylene glycol electrolytic solution (Colyte, Taejun
Pharmacy, Seoul, South Korea) or 2.5% sorbitol
solution.
MRE was acquired with a 3.0-T system (Ingenia,
Philips Healthcare, Best, The Netherlands) after
intravenous injection of a spasmolytic agent (Buscopan,
Boehringer Ingelheim, Ingelheim, Germany). T2weighted images, diffusion-weighted images (with
2
b-factors of 0 and 900 s/mm ), and dynamic contrastenhanced images were obtained. Coronal dynamic
fat suppressed spoiled gradient-echo T1-weighted
sequences, including unenhanced imaging and enteric
and portal venous phase sequences, were performed
with 0.2 mL/kg body weight gadoterate meglumine
(Dotarem; Guerbet, Villepinte, France). Enteric phase
was obtained 7 s after the contrast material first arrived
at the iliac bifurcation after injection. Subsequent phase
imaging was performed continuously after completion
of the prior phase with a brief pause to let the patient
breathe.

Clinical and laboratory data

Clinical data included sex, age, presenting symptoms,
period from onset to hospital visit, the initial diagnosis,
and laboratory findings [hemoglobin (Hb), albumin,
C-reactive protein (CRP), and white blood cell count
(WBC)] at first admission. Moreover, information on
follow-up duration, presence of relapse, relapsing
interval, treatment methods, treatment outcome,
histopathologic findings, total number of each
radiologic examination, and total number of surgical
resection were collected from the electronic medical
records. The type, number, and descriptions of
endoscopic inspections were also recorded.
Remission was defined as removal of the presenting
symptoms such as bleeding, abdominal pain, or anemia,
and relapse as recurrence of bleeding, abdominal pain,
or anemia; need for additional medication; or evidence
of a recurrent imaging finding by any imaging after
remission.

Image analysis

All radiologic images were reviewed by three boardcertified radiologists (Kim AY, > 10 years of experience
in abdominal imaging; Hwang J, 5 years; and Kim JS,
2 years) in consensus.
In the first stage, all initial radiologic examinations
obtained during the initial hospital visit were analyzed,
focusing on ulcer, stricture, bowel wall thickening, and
other ancillary findings. Radiologic jejunal involvement
was regarded as involvement of the proximal two[6]
fifths of the intact small bowel .
For strictures, defined as upstream dilatation of
small bowel > 3 cm in diameter, the number, location,
lesion length, and interval between each lesion were
recorded during all radiologic studies. Small bowel
obstruction was also evaluated with a 4-grading
scale (absent, low-grade, high-grade, or complete
obstruction). While a low-grade obstruction was
defined as dilatation of proximal small bowel 3-4 cm
in diameter, high-grade obstruction was defined as
proximal small bowel dilatation of > 4 cm in diameter.
Complete obstruction was defined as high-grade
obstruction without distal passage of contrast media.
Any deep penetrating disease features such as sinus,

Radiologic examinations

All analysis images were available on a picture
archiving and communications system (PACS). SBS
were performed in 16 patients, after they fasted for
at least 8 h, using a barium and/or methylcellulose
solution. A single-contrast examination was performed
to evaluate the entire small intestine, followed by a
double-contrast examination after peroral administration
of an effervescent agent in 9 patients.
APCT and CTE were performed in 11 and 13
patients, respectively, using multidetector CT scanners
(Light Speed plus, Light Speed 16 or Light Speed VCT
64, GE Healthcare, Milwaukee, WI, United States;
Somatom sensation 16 or Somatom Definition,
Siemens Medical Systems, Erlangen, Germany;
Toshiba Aquilion 64, Toshiba Medical System, Tokyo,
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Histopathologic findings

fistula, or abscess were recorded.
On APCT/CTE/MRE, thickness (one-side wall
thickness), enhancement pattern (layered or trans
mural), enhancement degree (mild, similar en
hancement to adjacent normal bowel; moderate,
more than normal bowel wall enhancement; strong,
marked enhancement compared with normal bowel)
of stricture were recorded respectively. In addition,
the presence of segmental bowel wall thickening (>
10 cm in length) was recorded, noting the length,
thickness, enhancement pattern, and enhancement
degree. Mesenteric manifestations such as mesenteric
lymphadenopathy, mesenteric hypervascularity or
infiltration, and ascites were recorded. In addition,
the number, location, lesion length, shape (eccentric,
circumferential, linear or aphthoid) of ulcer, and
interval between each lesion were evaluated on SBS.
In the second stage, follow-up images (11 SBS,
7 APCT, 13 CTE, and 1 MRE) were assessed focusing
on any change from the previous image findings for
each patient. Follow-up images without any presenting
symptom or image findings changes were excluded
from analysis.

A total of 15 biopsy specimens were available from
11 patients who underwent endoscopic examination.
All lesions revealed chronic, nonspecific inflammation
with/without ulceration.
Sixteen patients underwent surgical resection
of small intestine. Histopathologic features of these
resected specimens were characterized as multiple
superficial ulcerations confined to mucosa or submucosa
and multiple strictures. Some strictures were ulcerated.
Ulcerative lesions showed linear or circular configuration
and some were associated with submucosal thickening
by fibrosis. Some ulcerative lesions were accompanied
by chronic crypt inflammation, pyloric gland metaplasia,
or lymphoid aggregates. Inflammatory change was not
seen in the small bowel segment between ulcers. There
was no giant cell granuloma, transmural inflammation,
fistula or fissural ulceration, or vasculitis features.

Radiological findings

A total of 21 CTE, 18 APCT, 2 MRE, and 25 SBS were
finally included in the analysis. Among them, 8 CTE,
11 APCT, 1 MRE, and 14 SBS were performed during
the patients’ initial hospital visit.
On initial CT or MRI, all patients revealed strictures
with a total of 52 (mean number per patient, 2.6;
Table 2 and Figure 1) analyzed. Most strictures
were located in the ileum (90.4%), followed by
jejunum (9.6%). While most patients showed only
ileal strictures (17/20, 85%), two had only jejunal
strictures and one had both. Mean stricture length and
thickness was 10.44 ± 3.95 mm and 5.56 ± 1.58 mm,
respectively. On contrast-enhanced CT or MRI, most
strictures showed moderate (75%) or strong (9.6%)
enhancement with a layered pattern (92.3%; Figure 1).
The median (range) interval length between strictures
was 4 (1.5-20) cm.
Four out of 20 patients showed segmental bowel
wall thickening on the initial CT or MRI (Figures 2
and 3). Mean length and thickness of this bowel wall
thickening was 36.25 ± 13.77 cm and 7.75 ± 1.26
mm, respectively (Table 2).
Despite of multiple strictures, high-grade small
bowel obstruction was noted in only two patients on
CT or MR images. Most patients showed no or lowgrade small bowel obstruction.
On initial SBS, 36 strictures were detected in 13
patients (mean number of stricture per patient, 1.8;
Table 3, Figures 1 and 4). Most strictures were located
in the ileum (97.2%), and the mean stricture length
was 9.81 ± 4.65 mm. Median (range) interval length
between strictures was 4.5 (1.5-20.4) cm. Seven
patients also showed 10 ulcers on SBS; nine were
located in the ileum and showed eccentric alignment
(90%), and six ulcerative lesions were accompanied
by stricture (Figure 4).
Follow-up imaging (11 SBS, 7 APCT, 13 CTE, and 1
MRE) was performed in 14 patients. While there was

RESULTS
Clinical characteristics and laboratory findings

Clinical and laboratory findings are summarized in
Table 1. The median (range) period from initial onset of
symptoms to hospital visit was 8 (0.1-25) years. The
main symptoms were abdominal pain (60%, 12/20)
and anemia (50%, 10/20); four patients presented
with GI bleeding (20%, 4/20). On initial laboratory
test, the mean Hb level was 9.9 ± 2.4 g/dL and mean
albumin level was 3.4 ± 2.2 g/dL. WBC and CRP levels
were within normal ranges for most patients or slightly
increased in two and three patients, respectively.
The median (range) follow-up period was 4 (0-13.5)
years. The initial diagnosis before confirmative
diagnosis included CD, intestinal tuberculosis, postischemic stricture, CMUSE, vasculitis, protein-losing
enteropathy, and non-granulomatous jejunoileitis.

Endoscopic findings

Double-balloon enteroscopy (DBE) or capsule
endoscopy (CE) was performed in 10 patients (Table
1). All patients showed multiple ulcers on endoscopic
examination: jejunal (n = 1), ileal (n = 6), and both (n
= 3). Ulcerative lesions revealed discrete margin and
various shapes including linear, circular, geographic,
or irregular. Some showed transverse or circular
alignment. The intervening mucosa appeared normal.
Nine patients also showed multiple strictures: jejunal
(n = 2), ileal (n = 6), and both (n = 1). All strictures
showed short segmental involvement and were often
accompanied by ulcers. Full small intestine evaluation
failed in five patients with DBE (5/9, 55.5%) and in
two patients with CE (2/5, 40%) due to stricture.
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Table 1 Clinical characteristics, diagnostic tools, and treatment outcomes of patients with cryptogenic multifocal ulcerous stenosing
enteritis
Patient No./
sex/age (yr)

Duration until
hospital visit
1
(yr)

Presenting
symptom at
admission

Hb
SBS APCT/CTE/ DE/CE
(g/dL)
MRE

1/M/23
2/F/56

9.6
22.9

Abdominal pain
Abdominal pain

13.3
11.4

1
ND

3/-/1/-/-

1/-/-

3/M/49
4/F/61
5/F/29

10.4
25
1

Abdominal pain
Anemia
Anemia

13.7
10.5
7.4

ND
1
2

1/1/1/-/6/1/-

-/1
-/1/1

6/F/37

8.6

Anemia

8

2

1/-/-

-/-

7/F/45

7.5

7.6

3

-/3/-

2/-

8/F/49

5.1

Anemia, GI
bleeding
Abdominal pain

12.9

ND

-/2/1

2/-

9/M/54

3.5

10.4

1

-/1/-

-/-

10/M/30

4.8

Abdominal pain,
anemia
Abdominal pain

8.5

5

1/4/-

-/1

11/F/16
12/M/24

14.6
0.9

Abdominal pain
Abdominal
pain, anemia, GI
bleeding

7.7
11.3

ND
1

-/1/-/2/-

-/-/-

13/M/41
14/F/64
15/F/39

12
23
10.3

Abdominal pain
Abdominal pain
Abdominal pain

9
12.3
9

1
ND
1

-/1/-/-/1
-/3/-

1 /-/-/-

16/M/60

10

9.1

ND

-/1/-

-/1

17/F/15

4

Anemia, GI
bleeding
Abdominal pain,
anemia

7.7

4

1/-/-

-/-

18/F/34

0.1

Anemia

7.6

1

1/1/-

1/-

19/M/33
20/F/48

1.2
0.2

Anemia
GI bleeding

6.1
13.4

1
1

1/-/1/-/-

1/1
-/-

Relapse-free
period (yr)

No of
Follow
surgery up period
2
(yr)

Treatment

Treatment
response (No.
of relapse)

Surgery
Steroid,
5-ASA,
surgery
Surgery
Surgery
Steroid,
5-ASA,
surgery
Steroid,
5-ASA,
surgery,
others
(albumin)
Steroid,
surgery
Steroid,
surgery
Surgery

Relapse (1)
Remission

5-ASA,
surgery
Surgery
Surgery,
others
(conservative
treatment)
Steroid
Surgery
5-ASA,
surgery
Steroid,
5-ASA
Steroid,
5-ASA,
surgery
Steroid,
tuberculosis
drug
Steroid
Surgery

Relapse (2)

7.9, 0.7

2

Remission
Relapse (1)

2.5

1
1

0.5
3.6

2

0
1
1

0
0
6.2

0

1.1

4

13.5

Remission

0

10.6

Remission
Remission

0
1

4.5
4.5

1.1

1
1

2
3

1.5
2.9
9.9

Remission
Remission
Relapse (1)

1

1
1
1

Relapse (2)

2.7, 6.4

1

13.4

Relapse (2)

0.5, 3.7

1

9.4

Relapse (3)

1.4, 6, 1.7

3

9.8

1

2.5

Remission

Remission
Remission
Relapse (1)
Remission
Relapse (3)

3, 4, 4, 3

10

1

Time interval between the symptom onset and hospital visit (yr); 2Time interval between prior remission and recurrence (yr). SBS: Small bowel series;
APCT: Abdominopelvic CT; CTE: CT enterography; MRE: MR enterography; DE: Double-balloon endoscopy; CE: Capsule endoscopy; ND: Not done; 5-ASA:
5-aminosalicylic acid; GI: Gastrointestinal.

no significant interval change in radiologic features for
three of the patients, new strictures and/or ulcers were
detected at another site with a progressive nature
in seven patients, even post-operatively. On followup SBS examinations, ulcers were accompanied with
stricture and these ulcerative strictures progressed
into more severe strictures over time (Figure 4).
Segmental bowel wall thickening newly developed in
three patients on follow-up CT. Finally, seven patients
had segmental bowel wall thickening on the initial or
follow-up CT. In these patients, this radiologic feature
completely improved on the next follow-up CT, but
eventually, strictures manifested within this thickened
bowel segment during the follow-up period (Figures 2
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and 3). Disease recurrence at the surgical anastomotic
site was noted in only one patient.
There was no penetrating disease features, in
cluding fissure, fistula, or abscess, by CT/MRI or SBS.
GI involvement other than small intestine was not
seen.

Treatment outcomes

Sixteen patients underwent surgical resection (80%),
and three received reoperation due to recurred disease
(median surgery number, 1). In eight patients, surgery
was performed as initial treatment on first admission.
Five patients underwent surgery due to ineffective
medical therapy during hospitalization. Only four
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A

B

C

D

Figure 1 A 54-year-old man with abdominal pain and anemia. A: Small bowel series spot compression image demonstrates multiple short strictures along the
ileum (arrows); B: On axial images of contrast-enhanced computed tomography (CT) enterography, short-segmental strictures (arrows) show moderate and layered
bowel wall enhancement with mild dilatation of intervening segment between strictures; C: Gross specimen of resected small intestine shows multiple short segmental
strictures (arrows) with mild dilatation of intervening bowel segment, which corresponds with CT images (arrows in B); D: On the low-power H&E staining of surgical
specimen (boxed area in Figure 1C) there is a superficial ulcer (arrows) and submucosal fibrosis (arrow heads) without evidence of transmural inflammation or
granulomatous lesion (magnification × 10).

A

B

C

D

Figure 2 A 34-year-old woman with anemia. A: Axial images of contrast-enhanced computed tomography (CT) enterography show segmental bowel wall thickening
(arrows) with suspicious strictures along the distal ileum; B: On retrograde double-balloon endoscopic examination at the same time period there are multiple sharply
demarcated ulcers at or near the strictures of the ileum; C: Small bowel series spot radiograph obtained two months later reveals segmental luminal narrowing (arrows)
along the distal ileum, without overt ulceration; D: On axial images of contrast-enhanced CT enterography after two years, previous bowel wall thickening of distal
ileum has improved and prominent strictures are noted at the corresponding ileal segment.
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A

B

Figure 3 A 49-year-old woman with abdominal pain. A: Coronal reformatted images of computed tomography (CT) enterography show long segmental bowel
wall thickening with layered enhancement pattern, involving distal jejunum and proximal ileum. B: This bowel wall thickening of the small intestine is not noted on the
coronal reformatted image of CT enterography four years later, and instead, several short-segmental strictures (arrows) have developed in the same bowel loop.

A

Table 2 Radiologic features on computed tomography/
magnetic resonance Imaging of patients with cryptogenic
multifocal ulcerous stenosing enteritis (n = 20)
Stricture
Total No. (mean No. per patient, range)
Location (Jejunum/Ileum)
Stricture length (mm), mean ± SD
Stricture thickness (mm), mean ± SD
Enhancement pattern (layered/transmural)
Degree of enhancement (mild/moderate/strong)
Interval between strictures (cm), median (range)
Segmental bowel wall thickening
Location (Jejunum/Ileum/both)
Wall thickening length (cm), mean ± SD
Wall thickening thickness (mm), mean ± SD
Wall thickening pattern (circumferential/eccentric)
Enhancement pattern (layered/transmural)
Degree of enhancement (mild/moderate/strong)
Small bowel obstruction
Absent/low grade/high grade/complete
Mesenteric manifestation
Mesenteric lymphadenopathy
Mesenteric hypervascularity or infiltration

B

Figure 4 A 45-year-old woman with gastrointestinal bleeding and anemia.
A: Small bowel series (SBS) spot compression radiographs show shallow
ulcers (arrows) with mucosal fold thickening and subtle luminal narrowing at the
ileum; B: After four years, double-contrast SBS spot radiographs demonstrate
a severe stricture (arrow) and another stricture with shallow ulceration
(arrowhead), suggestive of worsening of previous strictures.

13/5/2/0
6
4

[1,4,5,7,8]

descriptions and mostly confined to SBS features
.
In this study, the main radiologic manifestations
of CMUSE patients were multiple strictures and/or
ulcers of the small intestine without significant bowel
obstruction. These results were similar to those
previously reported. However, bowel wall strictures
in this study were short and thin with a layered
enhancement pattern (< 2 cm long and < 1 cm thick)
with layered enhancement pattern on axial imaging
tools such as CT or MRI. Thus, short, thin strictures
with layered enhancement may represent relatively
superficial disease process, accounting for no or lowgrade small bowel obstruction. Histopathologic proof
might provide a more convincing explanation as the
stricture segment of a surgical specimen revealed
fibrosis confined only to submucosa (Figure 1).
The distinctive radiologic finding was the presence
of long-segmental bowel wall thickening on CT. Overall,
seven patients showed this feature on initial and/or

patients showed remission with medical treatment:
steroid only (n = 2), steroid with oral 5-aminosalicylic
acid (n = 1), and steroid with tuberculosis drugs (n =
1). None of them had recurrence.
As the final outcome, nine patients (45%) revealed
disease recurrence (median relapse-free period, 2.6
years; range, 0.5-7.9). The median (range) relapse
number was 2 (1-3).

DISCUSSION
To our knowledge, no study focused on the radiologic
features of CMUSE to assist in the differentiation
from other similar bowel diseases. Even radiologic
information previously reported was relatively simple
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n = 52
52 (2.6, 1-6)
5/47
10.44 ± 3.95
5.56 ± 1.58
48/4
8/39/5
4 (1.5-20)
n=4
0/3/1
36.25 ± 13.77
7.75 ± 1.26
2/2
3/1
1/2/1
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the mesenteric border lining. Like previous reports,
there were no penetrating disease features, including
[1,3,7]
fissure, fistula formation, or abscess
. Mesenteric
lymphadenopathy or mesenteric infiltration was
rarely seen and there was no other GI involvement
except the small intestine. Hence, we think that these
radiologic features might be helpful to differentiate
CMUSE from other inflammatory bowel disease,
especially CD.
The main clinical manifestations of the patients
in this study were abdominal pain and anemia,
resulting from chronic or relapsing subileus episodes
associated with small intestinal strictures and small
intestinal occult blood loss, respectively. In addition,
most patients did not show biological signs of systemic
inflammatory reaction. These clinical features largely
[1,3,5,9,10]
met the description of previous reports
.
[1,3,5,9,10]
Contrary to previous major reports
, it was
difficult to establish the efficacy of steroid therapy in
this study. Only four patients were treated only with
steroids; others were treated with combination of
steroid with oral 5-aminosalicylic acid or tuberculosis
drugs. Furthermore, the efficacy of steroid therapy is
[5]
debatable. Matsumoto et al reported steroid, oral
5-aminosalicylic acid, and oral azathioprine failed
to induce mucosal healing or prevent recurrence of
[11]
small intestine ulcers. Kim et al reported on steroidrefractory disease cases. Similarly, in this study, two
out of four patients treated with steroid only required
surgery due to disease relapse and were no longer
steroid-sensitive.
As a final outcome, the major therapeutic choice
of this study population was surgery. Eight patients
underwent surgery during the first hospital visit
and eight on subsequent visits, with three patients
requiring two or more surgical treatments. Another
cause of surgical treatment was retention of capsule
endoscope in the small intestine due to stricture (n = 2).
With the long median pre-diagnostic period (8 years)
and high disease relapse rate (45%), higher choice
of surgery rather than medicine could be acceptable
in this study due to the frequent manifestation of
strictures rather than ulcers. Perhaps the conflicting
responsiveness to steroid use in CMUSE patients is
linked closely to different disease stages, i.e., early
stage manifesting as multiple shallow ulcers only
and the advanced stage as severe strictures. In
addition, some investigators reported significant steroid
[1,7]
dependency . Hence, further investigation with more
collective data is necessary regarding proper CMUSE
treatment.
In summary, multiple short strictures and/or
shallow ulcers of the small intestine without significant
bowel obstruction are characteristic radiologic
features of CMUSE on CT, MRI, or SBS. The strictures
are short, thin, mainly located in the ileum, and
show layered enhancement. Some have recurrent
shallow ulceration that may progress to more severe

Table 3 Radiologic features on small bowel series of patients
with cryptogenic multifocal ulcerous stenosing enteritis (n =
14)
Stricture
Total No. (mean No. per patient, range)
Location (Jejunum/Ileum)
Stricture length (mm), mean ± SD
Interval between strictures (cm), median (range)
Ulcer
Total No. (mean No. per patient, range)
Location (Jejunum/Ileum)
Ulcer length (mm), mean ± SD
Ulcer pattern (eccentric/circumferential/linear/
aphthous)
Small bowel obstruction
Absent/low grade/high grade/complete

n = 36
36 (1.8, 1-5)
1/35
9.81 ± 4.65
4.5 (1.5-20.4)
n = 10
10 (0.5, 1-2)
1/9
11.3 ± 5.58
9/1/0

7/5/2/0

follow-up CT. Three of them underwent DBE at the
same time and showed multiple, shallow ulcerations
of the small intestine in accordance with CT results.
On follow-up CT, this segmental bowel wall thickening
progressed to multiple strictures with improved
thickening (Figures 2 and 3), confirmed by follow-up
endoscopic examination. Thus, this segmental bowel
wall thickening on CT might represent the presence of
multiple, superficial ulcerations, although there was no
direct correlation between these two diagnostic tools in
all patients.
One different point of our study results is that ulcers
were less frequently depicted on SBS with shallow
ulcerations mainly located in the ileum, contrary to
previous endoscopic reports of multiple ulcers mainly
[5]
in jejunum and proximal ileum . We think that the
relatively small numbers of ulcers in our radiologic
examinations might be due to delayed hospital visits
during the healing stage of the ulcer with stricture
formation. Early in CMUSE disease progression, more
ulcers might be detected and more strictures noted in
advanced stages. Considering the long median period
from initial onset of symptoms to the hospital visits
in our study (8 years), less frequent ulcer depiction
can be predicted. Another assumption is the relatively
high failure rate of endoscopic examination due to
strictures. In this study, the endoscopic failure rate was
55.5% in DBE and 40% of CE; hence, the endoscopic
examination failure rate might be relevant to the larger
numbers of clinically reported jejunal ulcers.
More importantly, during follow-up studies, these
ulcers tended to progress to strictures with ulceration
healing (Figure 4). Conversely, strictures accompanied
by shallow ulceration during disease recurrence
progressed to more severe strictures. Perhaps shallow
ulcers and their healing, in the repeated disease
process, lead to more severe strictures that required
surgical intervention. Furthermore, recurrent ulcers
or strictures rarely involved the anastomosis site of
the small intestine after surgical resection. Strictures
and ulcers showed no consistent direction such as
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strictures. Considering that routine clinical practice
involves the use of CT and SBS abdominal imaging
tools, as well as the risk of endoscopic failure due to
strictures, comprehensive understanding regarding
the characteristic radiologic features on CT/MRI and
SBS would be helpful to diagnose CMUSE and prevent
unnecessary surgery. Therefore, under these radiologic
findings with relapsing episodes, CMUSE should be
considered when assessing patient with recurrent
abdominal pain and anemia.

these imaging modalities.
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Abstract
AIM
To investigate alterations in the fecal microbiome using
16S rRNA amplicon sequencing in couples in the same
cohabitation environment.
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METHODS
Fecal samples were collected from eight ulcerative
colitis (UC) patients and their healthy partners at Lishui
People’s Hospital, Zhejiang Province, China. DNA was
extracted and the variable regions V3 and V4 of the
16S rRNA genes were PCR amplified using a two-step
protocol. Clear reads were clustered into operational
taxonomic units (OTUs) at the 97% sequence similarity
level using UCLUST v1.2.22. The Wilcoxon rank-sum
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increasingly prevalent in developed countries over
[1]
the past two decades . However, according to
the latest Asian epidemiological investigation, the
incidence of the IBD has expanded dramatically into
developing countries with the increased westernization
[1,2]
of lifestyles .
UC is a multi-faceted disorder associated with a
germline genetic background, an aberrant immune
[3]
system response, and environmental factors .
Recently, the gut microbial community has attracted
substantial research attention, especially in terms of
[4-6]
its influence in healthy and IBD patients
. Some
alterations in the microbial community are shared
in Crohn’s disease (CD) and UC patients relative to
healthy people, including reduced gut microbiota
diversity (particularly Firmicutes), the presence of noncommensals, and increased abundance of pathogenic
[7,8]
Proteobacteria strains . However, some alterations
in the bacterial community are specific to UC. For
example, an increased presence of Escherichia coli and
[6]
Fusobacterium spp group , as well as a reduction in
Clostridium coccoides group, has been reported in UC
[9]
patients .
Previous studies have demonstrated that environ
[9]
[10]
mental factors, including dietary age , habits ,
[11]
and obesity , impact the composition of the gut
microbiota. Consequently, we wondered whether the
cohabitation environment can influence the microbial
community. In 1994, an investigation of 10 couples
showed that individuals with IBD symptoms before
marriage influenced their partners, resulting in similar
[12]
symptoms in couples . However, these results mainly
focused on clinical symptoms and did not involve the
gut microbial community.
Profiling the fecal microbiome using methods
based on analysis of the 16S ribosomal RNA gene
is less biased than cultivation-based approaches. In
recent years, bacterial 16S rRNA amplicon sequencing,
referred to as “16S rRNA gene sequencing”, has been
used widely for the metagenomic analysis of the
environment, including analysis of the composition
[13,14]
of human and animal gut and fecal microbiota
.
In particular, compared with bacterial culture, 16S
rRNA gene sequencing has a huge advantage in
identifying new pathogens or difficult to culture
bacteria compared with culture-independent methods.
Compared with other high-throughput sequencing
platforms (pyrosequencing, Life Technologies plat
form), the MiSeq platform generates the highest base
sequence accuracy with little limitation on the DNA
[15,16]
input
. Although the cohabitation environment
has been studied using 16S rRNA gene sequencing,
many studies on the gut microbial community of IBD
patients focused on comparisons between twins and
[11,17]
siblings
.
This study aimed to explore deeply the composition
of the UC gut bacterial community using 16S rRNA
sequencing to identify the influence on the gut microbial

test (R v3.1.2) was used to compare inter-individual
differences. Differences with a P value < 0.05 were
considered statistically significant.
RESULTS
Fecal microbial communities were more similar
among UC patients than their healthy partners (P =
0.024). UC individuals had a lower relative abundance
of bacteria belonging to the Firmicutes , especially
Blautia , Clostridium , Coprococcus and Roseburia (P
< 0.05). Microbiota dysbiosis was detected in UC
patients and their healthy partners. Relevant genera
included Akkermansiam , Bacteroides , Escherichia ,
Lactobacillales , Klebsiella and Parabacteroides . The
enriched pathways in fecal samples of UC patients were
related to lipid and nucleotide metabolism. Additionally,
the pathways involved in membrane transport and
metabolism of cofactors and vitamins were more
abundant in the healthy partners.
CONCLUSION
Our results suggested that the microbial composition
might be affected in healthy partners cohabiting with
UC patients, especially in terms of microbiota dysbiosis.
Key words: Ulcerative colitis; Patients; Healthy partner;
Fecal microbial communities; Microbiota dysbiosis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To identify the influence on the gut microbial
community between ulcerative colitis (UC) patients and
their healthy partners, we investigated the gut bacterial
community using 16S rRNA amplicon sequencing. The
results showed that fecal microbial communities were
more similar in UC patients, which had a lower relative
abundance of Firmicutes bacteria. Microbiota dysbiosis
was also founded in healthy partners. The pathways
involved in lipid and nucleotide metabolism were more
abundant in the UC patients. The membrane transport
and metabolism of cofactors and vitamins pathways
were significantly enriched in the healthy partners.
Microbial composition might be affected in healthy
partners cohabiting with UC patients.
Chen GL, Zhang Y, Wang WY, Ji XL, Meng F, Xu PS, Yang
NM, Bo XC. Partners of patients with ulcerative colitis
exhibit a biologically relevant dysbiosis in fecal microbial
metacommunities. World J Gastroenterol 2017; 23(25):
4624-4631 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i25/4624.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i25.4624

INTRODUCTION
Ulcerative colitis (UC), one of the main types of
inflammatory bowel disease (IBD), has become

WJG|www.wjgnet.com

4625

July 7, 2017|Volume 23|Issue 25|

Chen GL et al . Couples with UC have microbiota dysbiosis
community between couples. Additionally, the current
study investigates the predominant fecal microbiota
of UC patients compared with their healthy cohabiting
partners.

2 × High-Fidelity PCR Master Mix and HF Buffer; P5/
P7 primers, including adapters and sample barcodes
(Illumina); and reagent-grade water. The second PCR
program was similar to the first PCR program except
the annealing temperature was at 50 ℃ and the
program comprised 10 cycles. Finally, the PCR product
was purified using AMPure XP beads to remove
primer dimers and was then quantified on an Agilent
Bioanalyzer 2100 using High Sensitivity DNA chips
(Agilent Technologies, Santa Clara, CA, United States).
The library of each sample was pooled at an equimolar
concentration, and sequencing was performed on
the Illumina MiSeq platform to generate 2 × 250 bp
paired-end reads.

MATERIALS AND METHODS
Patient selection

The diagnosis of UC was determined by endoscopic
and pathological findings, and patients diagnosed with
UC for longer than 3 mo were recruited from Lishui
People’s Hospital at Zhejiang Province. Healthy couples
composing the control group, were recruited from a
common living environment cohabiting with the UC
patients. All participants in this study were divided into
two groups (n = 8 each) according to their disease
status. Group A consisted of UC patients, identified as
UC1-UC8. Group B consisted of their healthy partners,
termed HF1-HF8. The study was approved by the
Ethics Committee of the hospital and all participants
provided written informed consent upon enrolment.

Taxonomic classification and pathway profiles of 16S
rRNA gene sequencing data

We merged the paired-end reads using FLASH
v1.2.11 and obtained approximately 460 bp V3-V4
16S sequences. Merged reads were processed with
QIIME v1.8.0, which removed reads with N bases
and trimmed reads with more than three consecutive
low-quality bases (Q < 20). The reads the passed the
high quality filters were aligned to the Greengenes
Database (Aug, 2013 version), and USEARCH v6.1
was applied for chimera checking. Then, UCLUST
v1.2.22 was used for operational taxonomic unit (OTU)
clustering at the 97% sequence similarity level. Each
OTU was classified according to an assignment of the
taxonomic rank using the reference dataset from the
Ribosomal Database Project (version 2.2). Phylogenetic
Investigation of Communities by Reconstruction of
Unobserved States (PICRUSt) analysis was performed
to generate Kyoto Encyclopedia of Genes and Genomes
[18,19]
(KEGG) pathway profiles as previously described
.

Sample collection and DNA extraction

Fecal samples were collected from all participants
and were immediately stored at -80 ℃ until further
processing. The total DNA was extracted from 200
mg of fecal sample using the QIAamp DNA Stool
Mini Kit (Qiagen, Inc., Valencia, CA, United States),
according to the manufacturer’s instructions. The
DNA concentration was quantified using a Qubit 2.0
Fluorometer and diluted appropriately based on the
total DNA concentration.

16S amplicon-sequencing

The variable regions V3 and V4 of the bacterial 16S
rRNA gene were amplified using a two-step PCR
protocol. In brief, the first PCR was performed with
universal primers (356F 5’-CCTACGGGNGGCWGCAG-3’
and 803R 5’-GACTACHVGGGTATCTAATCC-3’) and
an attached overhang adapter (forward primer
overhang adapter 5’-TCGTCGGCAGCGTCAGATGTGT
ATAAGAGACAG-3’ and reverse primer overhang
adapter 5’-GTCTCGTGGGCTCGGAGATGTGTATAAG
AGACAG-3’). The first PCR reaction mixture (20 μL)
contained 10 ng of DNA template, 10 μL of 2 × HighFidelity PCR Master Mix with HF Buffer (New England
Biolabs, Ipswich, MA, United States), each primer at 5
μmol/L, and reagent-grade water (Sigma Aldrich, St.
Louis, MO, United States). The first PCR program for
V3 and V4 comprised an initial denaturation of 95 ℃
for 3 min; followed by 25 cycles of denaturation at
95 ℃ for 30 s, annealing at 60 ℃ for 30 s, extension at
72 ℃ for 30 s; and a final extension at 72 ℃ for 5 min.
Then, the PCR product was cleaned using AMPure XP
DNA purification beads (Beckman Coulter, Danvers,
MA, United States), according to the manufacturer’s
instructions. The second PCR reaction mixture (25 μL)
contained 2 μL of cleaned PCR products; 12.5 μL of
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Statistical analysis

Correlations between the overlapping genera of the
16S rRNA gene sequencing were identified using
Pearson’s correlation in the R language. The Wilcoxon
rank-sum test (R v3.1.2) was employed to detect
interindividual differences. Under the condition of
multiple comparisons, P values were corrected to
control for the false-discovery rate. Differences with P
value < 0.05 were considered statistically significant.

RESULTS
Study subjects and 16S rRNA sequencing

To measure the compositional and functional
differences in the common living environment between
the gut microbiota of the UC patients and healthy
individuals, 16 fecal samples were collected from
eight families, including eight UC patients and eight
healthy control partners. All patients in this study were
cohabiting with their partners. The demographics and
characteristics of 8 UC patients and their partners are
shown in Table 1.
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0.85

Table 1 Information and clinical characteristics of ulcerative
colitis patients and their healthy partners n (%)

P = 0.024
0.80
0.75

mean age (SD)
Male
Age at diagnosis
16-40 yr
Above 40 yr
Disease location
Colonic
Rectal
Concomitant upper GI
disease
CRP
Normal (0-10 mg/L)
Abnormal

0.70
0.65
0.60
UC patients

Healthy couples

Figure 1 Distributions of the unweighted unifrac distance within the
ulcerative colitis patients and healthy partners groups. Orange and red
boxplots denote the distributions of 16S rRNA gene sequencing of fecal
samples in ulcerative colitis patients and healthy partners, respectively.

UC patients
(n = 8)

Healthy partners
(n = 8)

53 (9.57)
6 (75.0)

42.25 (9.41)
3 (37.5)

3 (37.5)
5 (62.5)
5 (62.5)
3 (37.5)
4 (50.0)

5 (62.5)
3 (37.5)

GI: Gastrointestinal; CRP: C-reactive protein; UC: Ulcerative colitis.
UC patients vs
Phylum

healthy couples

Genus

0.021

Actinobacteria

Coriobacteriaceae (unclassified)↓

Bacteroidetes

Alistipes↓

0.016

Anaerostipes↓

0.009

Firmicutes

(P = 0.574). The distribution of fecal microbiota was
determined using Bray Curtis similarities analysis. The
entire microbiota of UC patients was not significantly
divergent from those of their cohabiting partners (P
= 0.449). However, using un-weighted analysis, the
microbiota composition was more similar among UC
patients than it was to that of their partners (Figure 1,
P = 0.024). These results indicated that cohabitation
with UC patients might influence the fecal microbiota
composition of healthy people; however, higher
dissimilarity of the microbiota was observed among
the healthy partners.

P value

Blautia↓

0.041

Clostridium↓

0.007

Coprococcus↓

0.020

Lachnospira↓

0.033

Megasphaera↓

0.042

Roseburia↓

0.007

Turicibacter↓

0.026

Lactobacillales (unclassified)↑

0.032

Microbial composition

Figure 2 Significant differences in the fecal microbiota composition
between ulcerative colitis patients and their healthy partners. Comparisons
for each sample were calculated using the Wilcoxon test. The down arrows
indicate less abundant microbiota in ulcerative colitis (UC) patients, and the up
arrow represents the more abundant microbiota in UC patients compared with
their healthy partners.

Although there was no significant difference in overall
microbial diversity, the Wilcoxon test indicated that
some bacteria were significantly different between
UC patients and their partners. As shown in Figure
2, at the genus level, 10 genera were less abundant
in the fecal microbiota of UC patients compared
with that in their healthy partners, and only one
bacterium was more abundant in the UC patients (P <
0.05). At the phylum level, nine significantly different
bacteria species belonged to the Firmicutes, and the
other bacteria were classified as Actinobacteria and
Bacteroidetes.
In this study, the fecal microbiota in the UC
patients showed a decrease in the Firmicutes bacteria,
especially Blautia, Clostridium, Coprococcus, and
Roseburia. Blautia was detected at 5.81% in the
healthy partners, and this percentage was lower
in the UC patients. Clostridium and Coprococcus
accounted for 6.49% and 3.4% of the fecal microbiota
of the healthy partners, whereas these genera
were less abundant in the UC patients (0.96% and
0.45%, respectively). A similar trend was observed
for Roseburia, which was present at 1.48% in the
healthy partners and 0.15% in the UC patients. Other
Firmicutes genera, such as Anaerostipes Lachnospira,
Megasphaera, and Turicibacter, were resent at a

16S rRNA amplicon-sequencing of fecal DNA
samples was performed using next-generation
sequencing (NGS) technology. Low quality reads and
chimera sequences were filtered from the raw data,
eventually producing an average of 47469 reads per
sample. These reads corresponded to 1137 operational
taxonomic units (OTUs) at the 97% sequence similarity
level and identified 167 genera. There was no significant
difference between the number of OTUs in UC patients
and their partners (947 ± 298.4 for UC patients and
1327.1 ± 419.9 for their partners, P = 0.071).

Microbiota diversity and similarity analyses

We used three metrics to characterize the fecal
microbiota diversity between UC patients and their
partners. Microbial alpha diversity was not significantly
different by Chao1 analysis (P = 0.573). Additionally,
there were no significant differences observed by
Shannon-Wiener (P = 0.505) or Simpson’s indices
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100

Lactobacillus
Bacteroides
Parabacteroides
Akkermansia
Escherichia
Klebsiella

Relative abundance (%)

80

60

40

20

0

UC1 HF1

UC2 HF2

UC4

HF4

UC5 HF5

UC6 HF6

Figure 3 Relative abundance at the genus level, as shown by 16S rRNA gene sequencing, from ulcerative colitis patients and their partners showing a
microbiota imbalance. Each column represents one fecal sample and different colors indicate different genera in the microbiota composition. Microbiota with a
substantial proportional imbalance are listed. UC: UC patient; HF: Healthy partners.

Microbial metabolic pathways

very low abundance in the UC patients. Although
they were not detected in all healthy partners, these
rare species were detected at significantly different
levels in the healthy partners compared with the UC
patients. For example, Anaerostipes was detected in
UC patients at a percentage of 0.006%, but at 0.68%
in the healthy partners. Additionally, Alistipes, belonging
to the Bacteroidetes, and an unclassified bacterium of
Actinobacteria, did not appear in UC patients, but were
detected in the healthy partners at low abundances of
0.14% and 0.23%, respectively.

Combining the microbial composition with a genome
database from KEGG (Kyoto Encyclopedia of Genes
and Genomes), 328 pathways were identified. We
continued our analysis using the Wilcoxon test,
and 20 of 328 (6.09%) total metabolic pathways
were differentially abundant at Q < 0.05 between
the UC patients and their healthy partners. In the
UC patients, we observed that 10 pathways were
increased significantly, especially those concerning
lipid metabolism and nucleotide metabolism. Another
eight pathways, such as those involving membrane
transport and metabolism of cofactors and vitamins,
were more abundant in the healthy partners (Table 2).
The lipid metabolic pathway, including primary bile
acid biosynthesis, secondary bile acid biosynthesis (P
= 0.019), and linoleic acid (P = 0.025), was enriched
significantly in the UC patients. The pathway involved
in purine metabolism was also enriched in the UC
patients (P = 0.019). In contrast, there was a decrease
in porphyrin and chlorophyll metabolism in the UC
patients (P = 0.032). In addition, the microbiota of the
UC patients had fewer ABC transporters for membrane
transport (P = 0.041).

Microbiota dysbiosis

An unclassified bacterium belonging to the Lacto
bacillales was detected in a UC patient (UC1) with a
higher relative abundance than in their partner (Figure
2, P = 0.032). The proportion of Lactobacillus genus
showed large dysbiosis in patient UC1, accounting
for 81.8% (Figure 3). Microbiota dysbiosis was also
observed in other UC patients and their partners.
In patient UC2, the first and second most abundant
genera were Bacteroides and Parabacteroides,
which were present in percentages of 58.63% and
28.93%, respectively (Figure 3). Bacteroides was
also the dominant genus, accounting for 70.24%
in patient UC6. In addition, the Escherichia genus
accounted for 44.39% in patient UC5. For the healthy
partners, microbiota dysbiosis was also found in a
few individuals. For example, in HF6, the relative
abundance of the Klebsiella genus reached 63.3%.
Akkermansia, belonging to the Verrucomicrobia phylum,
was only detected in patient UC4 and his partner,
accounting for 18.46% and 68.74%, respectively (Figure
3). Microbiota dysbiosis destroys the gut microbiota
composition and influences its normal function, which
might accelerate the occurrence of intestinal disease.

WJG|www.wjgnet.com

DISCUSSION
Alteration in the composition of the gut microbiota and
decreases in community diversity are associated with
[20]
the pathogenesis of UC . However, our understanding
of the interaction between couples cohabiting a
shared environment in terms of their microbiota is
poor. In this study, we analyzed the differences in the
bacterial profiles and metabolic pathways between
UC patients and their cohabiting partners. Marked
microbiota dysbiosis and reduction of the diversity of
Firmicutes were observed. Furthermore, to understand
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Table 2 Microbial metabolism differentially abundant in ulcerative colitis patients and their healthy partners
Pathway

UC patients

Membrane transport
ABC transporters1
Signal transduction
Phosphatidylinositol signaling system
Signaling molecules and interaction
G protein-coupled receptors1
Infectious diseases
Staphylococcus aureus infection
Biosynthesis of other secondary
Metabolites; isoflavonoid biosynthesis
Novobiocin biosynthesis1
Carbohydrate metabolism
C5-Branched dibasic acid metabolism1
Glycan biosynthesis and metabolism
Glycosphingolipid biosynthesis
Lipid metabolism
Linoleic acid metabolism
Primary bile acid biosynthesis
Secondary bile acid biosynthesis
Metabolism of cofactors and vitamins
Porphyrin and chlorophy II metabolism1
Nucleotide metabolism
Purine metabolism
Xenobiotics biodegradation and metabolism
Atrazine degradation1
Ethylbenzene degradation
Naphthalene degradation
Nitrotoluene degradation1
Styrene degradation1

Healthy partners

P value

Mean abundance

Standard error

Mean abundance

Standard error

3.0271

0.5695

3.7117

0.7130

0.04149

0.1022

0.0155

0.0845

0.0182

0.018959

1.76 × 10-5

3.63 × 10-5

6.54 × 10-5

1.02 × 10-5

0.02515

0.295

0.582

0.00545

0.00442

0.041492

8.97 × 10-6
0.1161

8.03 × 10-6
0.010

9.75 × 10-7
0.1277

1.39 × 10-7
0.0122

0.003511
0.02494

0.287

0.0536

0.3214

0.0218

0.04149

3.74 × 10-4

3.95 × 10-4

1.37 × 10-4

1.91× 10-4

0.032476

0.0851
0.0416
0.0414

0.0505
0.0186
0.0187

0.0518
0.0257
0.0255

0.0197
0.0120
0.0120

0.024942
0.018959
0.018959

0.7225

0.1723

0.8785

0.1079

0.03248

2.2171

0.2176

2.0283

0.1561

0.018959

0.0227
0.0769
0.1827
0.0651
0.0155

0.0252
0.0643
0.0823
0.0346
0.0131

0.0441
0.0429
0.1300
0.1022
0.0329

0.0329
0.00795
0.0261
0.0198
0.0231

0.03248
0.018959
0.018959
0.02494
0.02494

1

Indicated higher abundance in the healthy partners (P < 0.05). UC: Ulcerative colitis.

[22,24]

the functions of the different bacteria, we compared
the differences in microbial metabolic pathways. Lipid
metabolism and the biosynthesis of bile acids were
significantly upregulated in the microbiota of the UC
patients.
Unlike previous reports, we did not observe a
significant difference in the OTU distribution associated
[21]
with the disease state . Additionally, we did not
identify significant differences between UC patients
and their partners in terms of the microbial alpha
diversity using the Chao1, Shannon, and Simpson’s
[20,22]
indices
. In contrast, we confirmed a compositional
similarity between UC patients and their partners.
Although there was no direct evidence that gut
microbiota could spread between IBD patients and
normal individuals, the results of this study suggested
that fecal microbiota likely influence each other during
long-term cohabitation with UC patients. Remarkably,
our results indicated that the fecal microbiota
composition was more similar among UC patients
than among healthy individuals (Figure 1). These
findings further demonstrated that the gut microbiota
composition, and alterations to it, plays a crucial role in
the occurrence of UC.
Although the cause of UC has many uncertain
factors, gut microbiota dysbiosis has been considered
[23]
a major trigger of inflammation . Consistent with
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previous studies
, we also found that the fecal
microbiota in the UC patients in the present study
had a decrease in Firmicutes bacteria, especially in
Blautia, Clostridium, Coprococcus, and Roseburia
bacteria (Figure 2). Although we realized that the gut
microbial composition and its interaction with the host
likely play an important role in IBD, the relationship
between these has remained a mystery. Our research
further confirmed that Firmicutes plays a crucial role
in UC patients. The reduction in Clostridium likely
decreased the utilization of short chain fatty acids and
butyric acid salt in intestinal epithelial cells and induced
inflammation. The depletion of Actinobacteria and
Bacteroidetes is controversial, and we found that these
[21,25,26]
bacteria were greatly depleted
.
Interestingly, comparison of the relative abundance
at the genus level using 16S rRNA gene sequencing
from UC patients and their partners demonstrated that
the composition of the fecal microbiota was dominated
by Bacteroides in patients UC2 and UC6. By contrast,
other samples, including those from healthy partners,
did not show this situation. Additionally, among the
healthy partners, HF4 and HF6 were dominated by
Akkermansia and Klebsiella, respectively. We speculated
that this microbiota dysbiosis is likely a consequence of
interaction in the same environment.
In agreement with previous studies, we observed

4629

July 7, 2017|Volume 23|Issue 25|

Chen GL et al . Couples with UC have microbiota dysbiosis

Research frontiers

[27]

that lipid metabolism was remarkably increased .
Previous studies have suggested that commensal
bacteria might increase or decrease certain specific
metabolic pathways to participate in competition
for limited energy resources while living in the host
[27]
intestinal environment. Davenport et al
posited that
because of a lack of carbohydrates in the inflamed
regions, such as in the case of mucin production
dysfunction, gut commensal bacteria start metabo
lizing lipids and amino acids for necessary nutrients.
This hypothesis was supported by the decrease in
Firmicutes, which are unable to utilize amino acids for
[27,28]
energy
.
Furthermore, one study found that patients with
IBD may also suffer from the co-occurrence of primary
[29]
biliary cirrhosis . In the present study, we observed a
significant increase in both primary bile acid biosynthesis
and secondary bile acid biosynthesis of lipids (P
= 0.019) in the UC patients (Table 2). In healthy
individuals, it is difficult to detect bile acid in the
blood. However, when liver cells are damaged, bile
acid biosynthesis is abnormal and its concentration
increases. We speculated that the increase in bile acid
biosynthesis in UC patients might be associated with
frequent liver disease, such as chronic liver disease
or alloimmune liver disease. Of course, liver cell
damage was also related to drug toxicity produced by
long term medication and immune deficiency in UC
patients. This would lead to oxidative stress, and some
bacteria need to maintain homeostasis under oxidative
stress. Interestingly, we observed an increase in
linoleic acid metabolism in the UC patients (P = 0.025).
Linoleic acid is a type of unsaturated fatty acid that
is associated with prostaglandin biosynthesis, which
could participate in liver injury protection.
In conclusion, this study presents a comprehensive
evaluation of the bacterial composition and the
differences in the pathways of UC fecal microbiota.
Although our results were similar to the results of
previous studies, we also identified an increased
prevalence of lipid metabolic pathways and bile acid
biosynthesis. The gut microbiota of the UC patients
and their partners likely influenced each other.
Furthermore, we verified that microbiota dysbiosis is
more likely a consequence, rather than a cause, of
inflammation.

Recently, the gut microbial community has attracted substantial attention,
especially the influence in healthy and inflammatory bowel disease (IBD)
patients. Some studies have demonstrated that environmental factors, including
dietary age, habits, and obesity, impact the composition of the gut microbiota.

Innovations and breakthroughs

This study is the first to investigate the influence on the gut microbial community
between UC patients and their cohabiting healthy partners. This study showed
that microbial composition might affect healthy partners cohabiting with UC
patients, especially in terms of microbiota dysbiosis.

Applications

In this study, the authors analyzed the differences in the bacterial profiles
and metabolic pathways between UC patients and their cohabiting partners.
The findings further demonstrated that the gut microbiota composition and
alterations play a crucial role in the occurrence of UC. Furthermore, the gut
microbiota of the UC patients and their partners likely influence each other.

Terminology

16S rRNA gene sequencing is a non-culture method based on high-throughput
sequencing. At present, 16S rRNA gene sequencing has been utilized widely for
metagenomic analysis of the environment, including analysis of the composition
of the human and animal guts and fecal microbiota.

Peer-review

Gut dysbiosis is considered one of the factors inducing inflammation in chronic
IBD; however, its role in the etiology of ulcerative colitis is controversial. There
have been many studies on fecal microbiota in recent years. The present study
used a very sensitive method to assess bacterial strains and compared the
microbiota in patients with inflammatory bowel disease with that of their healthy
partners. The study assessed some type of bacteria only found in patients with
UC. These bacteria are difficult to detect using less sensitive methods.
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Abstract
AIM
To investigate the long-term effect of dietary education
on a low fermentable oligosaccharide, disaccharide and
polyol (FODMAP) diet on irritable bowel syndrome (IBS)
symptoms and quality of life (QoL).

Informed consent statement: All study participants provided
informed written consent prior to study enrollment.
Conflict-of-interest statement: All authors report no conflicts
of interest.

METHODS
Participants with IBS (Rome III) were randomized
to two groups. Group I commenced a low FODMAP
diet at baseline. At three months, group II, so far a

Data sharing statement: Demultiplexed sequence and
associated metadata was deposited in the NCBI short read archive
with BioProject accession PRJNA392762.
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by abdominal discomfort associated with altered
bowel function in which no structural or biochemical
[1]
abnormalities are observed . It is a chronic and
remitting condition with symptom severity fluctuating
[2]
over time , a crossover between presentations is
[3]
also common . Worldwide prevalence was calculated
[4]
as 11.2% with an Australasian prevalence of 14% .
IBS patients have a reduced quality of life; with an
increase in severity corresponding with a decreased
[5]
quality of life . Patients with IBS visit their doctor more
[6]
frequently and consume more health resources .
IBS can be subdivided into diarrhea predominant
IBS(D), constipation predominant IBS(C), or mixed
[1,7]
IBS(M) with patients experiencing pain
. The
pathogenesis of IBS is multifactorial, heterogeneous
[8]
and incompletely understood . Dysbiosis, abnormal
gut motility, inflammation, an altered brain-gut axis,
psychological distress, increased mucosal permeability,
impaired immune function and a heightened visceral
sensitivity are all thought to play a part in the
[9]
pathology . Pharmacological management reflects
the heterogeneity of IBS with medical management
directed at individual symptoms. Therapies commonly
utilized include antispasmodics, laxatives, anti-diarrhea
medications, opioids, and low dose antidepressants
[10]
depending on the leading symptom . Cognitive
behavioral therapy and hypnotherapy have been shown
[11]
to be beneficial .
Patients with IBS have long identified that eating
provokes IBS symptoms and consequently avoid some
[12]
foods . Interest is increasing within the medical and
scientific community regarding the role of food in
symptom provocation. A diet low in slowly absorbed
or indigestible fermentable short chain carbohydrate
or the low fermentable oligosaccharide, disaccharide,
[13]
monosaccharide and polyol (FODMAP) diet
aims to
reduce symptom severity by targeting aspects of the
pathophysiology of IBS. Due to heightened visceral
sensitivity in IBS luminal distension is more likely to
[14]
cause discomfort and pain . Increases in either gas,
liquid or solids in the bowel will cause luminal distension.
A reduced load of fermentable carbohydrates in the low
[15]
FODMAP diet should produce less gas . Furthermore,
FODMAP molecules have a small particle size which
makes them highly osmotically active drawing water
[16]
into the colon .
Since the original retrospective review of a prede
[17]
cessor of the low FODMAP diet
showed a reduction
in symptom severity in IBS patients there have been
[15,18-27]
several
studies showing an overall reduction
in symptom severity in IBS patients following a low
FODMAP diet. In retrospective audits of long term
effectiveness (≥ 3 mo), 70%-75% of patients report a
sustained symptom reduction.
Furthermore, IBS patients appear to have a de
creased intestinal microbial diversity, greater temporal
instability and a relative increase in Firmicutes compared
[28,29]
to healthy individuals
. Of the environmental factors,
[30]
diet has the greatest impact on the microbiome .

comparator group, crossed over to a low FODMAP diet
while group I started re-challenging foods. All patients
completed the IBS SSS (IBS symptom severity scoring
system, 0-500 points increasing with severity), IBS QoL
questionnaire (0-100 increasing with QoL), a FODMAP
specific food frequency questionnaire and provided
a stool sample at baseline, three and six months for
microbiome analysis.
RESULTS
fifty participants were enrolled into group I (n = 23)
or group II (n = 27). Participants in both groups were
similar in baseline values but with more men in group
I. There was a significantly lower IBS SSS (275.6 ±
63.6 to 128.8 ± 82.5 vs 246.8 ± 71.1 to 203.6 ±
70.1) (p < 0.0002) and increased QoL (68.5 ± 18.0
to 83 ± 13.4 vs 72.9 ± 12.8 to 73.3 ± 14.4) (p <
0.0001) in group I vs group II at 3 mo. The reduced
IBS SSS was sustained at 6 mo in group I (160 ± 102)
and replicated in group II (124 ± 76). Fiber intake
decreased on the low FODMAP diet (33 ± 17 g/d to 21
± 8 g/d) (p < 0.01) and after re-introducing FODMAP
containing foods increased again to 27 ± 9 g/d. There
was no change seen in the intestinal microbiome when
participants adopted a low FODMAP diet.
CONCLUSION
This study demonstrated that a reduction in FODMAPs
improves symptoms in IBS and this improvement can
be maintained while reintroducing FODMAPs.
Key words: Irritable bowel syndrome; FODMAP; short
chain fermentable carbohydrates; microbiota; diet;
microbiome
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Dietary education by a dietitian on a low
FODMAP diet leads to a reduction in symptoms and
an improvement in quality of life. Commencing a
low FODMAP diet does not appear to alter microbial
diversity in patients with irritable bowel syndrome
(IBS). Patients with IBS when guided by a dietitian on
reintroducing FODMAP containing foods to tolerance are
able to increase their intake of fiber to recommended
levels without significant worsening of symptoms.
Harvie RM, Chisholm AW, Bisanz JE, Burton JP, Herbison P,
Schultz K, Schultz M. Long-term irritable bowel syndrome
symptom control with reintroduction of selected FODMAPs.
World J Gastroenterol 2017; 23(25): 4632-4643 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i25/4632.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i25.4632

INTRODUCTION
Irritable bowel syndrome (IBS) is a disorder characterized
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[21,27,31,32]

Four studies
have investigated the effect of a
low FODMAP diet on the microbiome with no consistent
[21,27,31,32]
effect demonstrated
. No studies have examined
microbiome changes after re-challenging FODMAPs to
tolerance.
To-date limited data is available on FODMAP
[21]
restriction when participants were only educated on a
low FODMAP diet and its effect on symptom reduction,
nutritional adequacy and fiber intake. There is no
data available on the effect of FODMAP reintroduction.
Our aim was to conduct a randomized controlled trial
investigating the long-term effect of dietary education
on FODMAP intake, nutritional adequacy, symptom
severity and quality of life. Furthermore, we aimed
to examine the effect of FODMAP reduction on the
gastrointestinal microbiome.

was defined as the sum of fructo-oligosaccharides
(FOS), galacto-oligosaccharides (GOS), lactose, excess
fructose to glucose, sorbitol and mannitol.

Change in symptom severity and QoL
[35]

The IBS SSS
was used to measure overall change
in symptom severity. Scores range from 0-500,
with scores < 50 similar to that seen in a non-IBS
population. The following definitions were assumed:
mild 50-175, moderate 175-300, and severe disease
> 300. According to the validation paper, a reduction
[35]
of ≥ 50 was defined as clinical improvement . The
subscales, which included bloating and severity (0-100)
and frequency of abdominal pain (days in 10: 0-10)
[36]
within it were analyzed individually. The IBS QoL
was used to measure overall change in quality of life.
Scores were standardized so the overall instrument
and the subscales all had a range 0-100. A change of
[36]
10 was defined as clinically significant .

MATERIALS AND METHODS
Subjects

Patients with IBS were recruited through gastro
enterology outpatient clinics, GP practices and by
advertising. Clinical history was reviewed by the
gastroenterologist (MS) who assessed for eligibility
[33]
according to Rome III criteria . Pre-defined exclusion
criteria were coeliac disease, inflammatory bowel
disease (IBD), pregnancy or lactation, major abdominal
surgery and inability to understand English.

Dietary advice

Dietary advice was provided to individual participants
in a standardized fashion by an experienced registered
dietitian (RH). At the initial consultation (approx. 1 h
duration) all participants were advised to significantly
reduce their intake of excess fructose, lactose,
sorbitol, mannitol, FOS and GOS. Participants then
purchased and prepared their own food. At follow-up
consultations of 30 min participants were taught to
systematically try to reintroduce FODMAP molecules
individually, one follow-up appointment was scheduled
and then additional appointments were provided on
demand. Written resources were developed based
previously published resources by Monash University,
[14,37-43]
Melbourne, Australia
.

Study protocol

This was a parallel design study with participants
randomized to either group I or II. Randomization of
numbers was done online (http://www.random.org)
by RH. Neither investigators nor participants were
blinded to the treatment. Allocation to the treatment
was concealed. Group I participants received education
immediately, were started on the low FODMAP diet
at baseline and started reintroduction of foods at
three months. Group II participants were given the
intervention (dietary education) in the second three
month period. During the initial 3 mo waiting period
group II received no dietary education. Data was
collected at baseline, 3 mo (main comparison) and 6
mo. The IBS Symptom Severity Score questionnaire
(IBS SSS) and IBS Quality of Life questionnaire (IBS
QoL) were automated on TeleForm (V10.6, Hewlett
Packard, Cardiff, United Kingdom). This study received
ethical approval from the Upper South A regional
ethics committee URA/11/05/015 and was registered
with the Australian New Zealand Clinical Trials Registry
#342998.

Fecal assessment and comparison of microbiota with
symptom response

Stool samples were collected at baseline, three and six
months from participants and within 4 h frozen and
stored at -20 ℃. DNA was extracted using the MoBio
96-well Soil DNA Extraction kit (MoBio Laboratories
Inc., Carlsbad, CA, United States) according to
the Earth Microbiome Projects protocols (www.
earthmicrobiome.org). Samples were then amplified
using primers based on the bacterial/archael primers
515F/806R and amplified, sequenced and analyzed
[44]
as before . Taxonomy was assigned using the RDP
[45]
classifier
to assign taxonomy to genus level with
any taxonomic level with a ≤ 0.80 confidence score
assigned “unclassified”. Tests for significance of
individual taxa were carried out using ALDEx2 version
[46]
0.99
and community analysis with the Quantitative
[47]
Insights into Microbial Ecology package .

Dietary analysis

Reduction of FODMAP intake was calculated using
the automated version of the FODMAP specific food
[34]
frequency questionnaire (FFQ) . Data from the
FFQ was deemed invalid if participants had a nonphysiological energy intake < 2000 kJ/d or ticked the
same frequency for every item. Total FODMAP intake
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Sample size was calculated to detect a difference of
100 points on the IBS SSS. A difference of 50 points
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Table 1 Baseline demographics n (%)

Table 2 FODMAP, fibre and calcium intakes

Group Ⅰ (n = 23)

Group Ⅱ (n = 27)

43.3 (13.8)

40.6 (13.3)

6 (26)
17 (73)

1 (4)
26 (96)

1 (4)
23

1 (4)
26

Age (mean, sd)
Gender
Male
Female
Ethnicity
Maori
European
Type of IBS
Diarrhoea
Constipation
Mixed
Dietary Pattern
Minimally restricted diet
Gluten free
Lactose free
Gluten and lactose free

16 (69)
3 (13)
5 (22)

16 (59)
2 (9)
9 (33)

20
0
2
1

24
2
1
0

Total Energy (MJ/d)
Group Ⅰ
Group Ⅱ
Total FODMAP (g/d)
Group Ⅰ
Group Ⅱ
Lactose (g/d)
Group Ⅰ
Group Ⅱ
Excess Fructose (g/d)
Group Ⅰ
Group Ⅱ
FOS (g/d)
Group Ⅰ
Group Ⅱ
GOS (g/d)
Group Ⅰ
Group Ⅱ
Sorbitol (g/d)
Group Ⅰ
Group Ⅱ
Mannitol (g/d)
Group Ⅰ
Group Ⅱ
Fiber (g/d)
Group Ⅰ
Group Ⅱ
Calcium (g/d)
Group Ⅰ
Group Ⅱ

on the IBS SSS (35) is clinically significant, thus 100
points should be highly clinically significant. The mean
and SD for moderate IBS in the original validation
paper was 243 ± 42 (35). Drop outs were calculated
at 20% and an alpha of 0.05 was selected. A power
of 80% was selected. Therefore 33 participants
were needed in each group. Statistical analysis was
performed using Stata v12 (StataCorp LP, Stata
Statistical Software, College Station, TX, United
States). Data is presented as mean and SD unless
otherwise specified. ANCOVA, with baseline as a
co-variate, was used to test whether there was an
intergroup difference in continuous variables at three
months. Linear regression was used to determine if
there was a relationship between change in FODMAP
intake and change in outcome measures.

3 mo

6 mo

10.6 ± 3.5
10.6 ± 2.8

8.4 ± 3.2b
9.7 ± 2.8a

10.1 ± 2.9d
9.5 ± 2.9

28 ± 15
29 ± 12

12 ± 8b
28 ± 18

22 ± 11b
22 ± 15b,c

16 ± 12
15 ± 11

7 ± 8b
18 ± 19

14 ± 11
13 ± 14c

4±3
6±6

1 ± 1.5a
4±3

2 ± 2a
3 ± 2a

2.6 ± 1.7
3.0 ± 1.1

1.3 ± 0.3b
2.5 ± 0.9a

1.9 ± 0.8c
2.0 ± 0.8b

1.3 ± 0.7
1.4 ± 1.0

0.9 ± 0.7b
1.0 (0.7)b

1.3 ± 0.8d
1.2 ± 1.1

2.2 ± 1.4
3.0 ± 1.3

0.7 ± 0.4b
2.9 ± 2.5

1.1 ± 0.7a,c
1.9 ± 1.5a

1.2 ± 1.3
0.9 ± 0.3

0.4 ± 0.4a
0.8 ± 0.5

0.8 ± 0.8
0.5 ± 0.2b

33 ± 17
31 ± 8

21 ± 8b
29 ± 10

27 ± 9
27 ± 9a

1.1 ± 0.5
1.0 ± 0.4

1.2 ± 0.7
1.1 ± 0.9

1.1 ± 0.5
1.1 ± 0.6

Data is reported as mean ± SD. Total FODMAP is calculated by summing
fructo-oligosaccharides (FOS), galacto-oligosaccharides (GOS), lactose,
fructose in excess of glucose, sorbitol and mannitol. Data supplied is raw
data with no energy adjustment. aP < 0.05, bP < 0.01 vs baseline; cP < 0.05,
d
P < 0.01 vs 3 mo.

non-significant reductions in total energy intake,
FOS and GOS intake during the first three months as
expected. The FODMAP intake of group I at 6 mo: 22
± 11 g was less than at baseline 28 ± 15 g (NS) but
greater than at three months 10 ± 10 g (p < 0.01).
Thus they had reintroduced the specific FODMAP
molecules they tolerated and relaxed restriction on
others. In group II there was a significant reduction
in total FODMAP intake from 3 mo to 6 mo of 6 ± 8
g (p < 0.02), however, when analyzing the individual
FODMAPs only the reduction in lactose was significant
between 3 mo and 6 mo 7 ± 10 g (p < 0.01).

RESULTS
Participants were recruited between August 2011 and
August 2012.The trial was ended within the constraints
of recruiting abilities. From 117 potential participants,
50 participants were enrolled in the study (Figure
1), 23 participants in group I and 27 in group II with
significantly more males in group II (p < 0.05) (Table
1). During the intervention, participants had a median
of two follow-up appointments (range 1-5).

Change in FODMAP intake

Effect on symptom severity

At baseline there were no differences in energy intake,
macronutrient intake, and total FODMAP intake or
between any of the individual FODMAP molecules
including lactose between the two groups (Table 2).
At 3 mo, there was a significant reduction in reported
total energy intake in group I from baseline to 3 mo
[2.3 ± 2.9 (s.d) MJ/d, p < 0.01]. There was a 16.5
± 15.6 g/d (p < 0.01) reduction in total FODMAP
intake of participants in group I (Figure 2). There
was a significant reduction in all FODMAP molecules
individually (Table 2). In group II there were smaller
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Baseline

At baseline there was no difference in IBS SSS in
group I (272 ± 60) vs group II (254 ± 80) (p = 0.16).
The change in IBS SSS from baseline to 3 mo was
statistically significantly larger in group I (-144.5 ±
89.0) than group II (-38.7 ± 74.8) (p < 0.01) (Figure
3). The majority of participants (20) in Group I at 3
mo had scores < 175 indicating mild IBS with three
of those having a score < 50 similar to scores seen
in a non-IBS population. In group II there were no
participants with scores < 50, 10 had mild IBS, 17
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Patients referred (n = 117)
Enrollment
Excluded (n = 67)
Not meeting inclusion criteria (n = 17)
Declined to participate (n = 22)
Symptoms not severe enough (n = 6)
Unable to contact (n = 3)
Did not complete baseline measures (n = 11)
Shifting out of area (n = 2)
Knew dietary intervention (n = 6)

Group I: immediate diet education

Randomized (n = 50)

Group II: diet education at 3 mo

Allocation Baseline
Allocated to intervention (n = 27)
Received allocated intervention (n = 27)
Did not receive allocated intervention (n = 0)

Allocated to intervention (n = 23)
Received allocated intervention (n = 23)
Did not receive allocated intervention (n = 0 )

Follow-Up 3 mo
Analysed (n = 25)
Lost to follow-up (n = 1)
Did not return questionnaires (n = 1)

Analysed (n = 20)
Lost to follow-up (n = 3)
Did not return questionnaires (n = 3)

Analysed (n = 16)
Lost to follow-up (n = 4)
Did not return questionnaire (n = 4)

Follow-Up 6 mo

Analysed (n = 18)
Lost to follow-up (n = 8)
Did not return questionnaires (n = 8)

Analysis
FFQs analysed (n = 25, 23, 16)
FFQ excluded from analysis (n = 3)
Very low energy intake < 2000 kcal (n = 1)
Gave same answer for every question (n = 1)
Incomplete (n = 1)

FFQs analysed (n = 22, 18, 11)
FFQ excluded from analysis (n = 2)
Very low energy intake < 2000 kcal (n = 1)
Gave same answer for every question (n = 1)

Figure 1 Participant flow.

from mild to moderate IBS and one to severe IBS at
6 mo. In group II at 6 mo all participants had scores
representative of mild IBS or similar to those of people
without IBS.
At 3 mo there was a statistically significant greater
reduction in the maximum number of bowel motions
experienced per day in group I (1.7 ± 2.6) vs group
II (0.1 ± 1.7) (p < 0.01). This was not seen in
group II at six months (Figure 4). At 3 mo there was
statistically significantly greater reduction in how often
participants experienced pain in group I (3.4 ± 2.9 d in

had moderate IBS and 3 had severe IBS. Investigating
the changes in IBS SSS in each subtype, we found a
significant reduction for IBS(D) in group I (114.5 ± 89)
(p < 0.01) and group II (89 ± 81) (p < 0.01) during
their intervention period and for IBS(M) in group II (112
± 38) (p = 0.03) during their intervention period. Due
to very small numbers sub-analysis was not done for
IBS(C) participants. At 6 mo the clinical improvement
in IBS was sustained overall in group I despite
increasing FODMAP molecules to tolerance (Figure 3).
However there were some participants who moved
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Change in FODMAP intake
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Figure 4 Maximum number of bowel motions reported per day by
participants by time period and group. Group I received their dietary
education after the collection of baseline measures and started reintroducing
FODMAP to tolerance at 3 mo. Group II received their dietary education after
the collection of data at 3 mo. bP < 0.01.
Frequency of pain
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a

a

b

a
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3 mo
6 mo

b

Change in IBS SSS

Days in 10 when experiencing pain

500

Group Ⅱ
Group and time period

Figure 2 Comparison of total FODMAP intake between group I who
received dietary education immediately after randomisation and began
reintroducing FODMAP at three months and group II who received dietary
education after the collection of the 3-mo data. Total FODMAP is the sum of
galacto-oligosaccharides, fructo-oligosacchardies, lactose, fructose in excess
of glucose, sorbitol and mannitol in grams as measured on a FODMAP specific
food frequency questionnaire[34]. aP < 0.05, bP < 0.01.

Baseline
3 mo
6 mo

Baseline
3 mo
6 mo

b

a
Maximum bowel motions/d

Total FODMAP intake (g)

100

Maximum number of bowel motions per day

Baseline
3 mo
6 mo
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0

Group Ⅰ

Group Ⅱ
Group and time period

Group Ⅰ

Group Ⅱ
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Figure 5 Days in ten when participants were experiencing pain by time
period and group. Participants in Group I received dietary education after
collection of baseline measures and at 3 mo were encouraged to reintroduce
FODMAP foods to tolerance. Participants in Group II received dietary education
after the collection of data at 3 mo. bP < 0.01.

Figure 3 Change in IBS severity scoring system[35] by group and time
period. Participants in Group I received dietary education immediately after
baseline measures and started reintroductions to tolerance at 3 mo. Participants
in group II received dietary education after collection of data at 3 mo. Scores >
300 indicate severe IBS, 175-300 indicate moderate IBS, 50-175 indicate mild
IBS and scores < 50 are similar to those of people without IBS. aP < 0.05, bP <
0.01.

statistically significant reduction in severity of pain (33
± 26 to 17 ± 17) (p = 0.02), frequency of pain (3.3
± 2.5 to 1.9 ± 2.1 d in 10) (p = 0.03) and abdominal
distension (39 ± 36 to 17 ± 20) (p = 0.01).

ten) than group II (0.2 ± 1.9 d in ten) (p < 0.01). This
was replicated in group II at between three and six
months (Figure 5). This reduction in frequency in pain
was sustained until six months in group I. No effect of
the low FODMAP diet was seen on either severity of
pain (Figure 6A) or abdominal distension (Figure 6B) in
either group at three months. The reduction in overall
symptom severity was replicated with group II in their
intervention period (209 ± 80 to 124 ± 76) (p < 0.01).
In the intervention period for group II there was a

WJG|www.wjgnet.com

Effect on QoL

At baseline there was no difference between groups
in either the overall IBS QoL (p = 0.26) (Figure
7). At 3 mo there was a clinically (≥ 10 units) and
statistically significant greater improvement in IBS
related quality of life in group I (66 ± 15 to 81 ± 14)
vs group II (73 ± 11 to 73 ± 13) (p < 0.05) (Figure
7). This improvement in IBS QoL of life was sustained
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Figure 6 Change in severity of pain (A) and abdominal distension (B) by group and time period. Increasing scores represent increasing severity. This is a
subscale of the irritable bowel syndrome symptom severity scoring system[34]. Participants in group I received dietary education immediately after collecting baseline
measures and after 3 mo were reintroducing FODMAPs to tolerance. Participants in Group II received dietary education after the data collection at 3 mo.

energy intake in both Group I (10.6 ± 3.5 MJ to 8.4 ±
3.2 MJ) (p < 0.01) and Group II (10.6 ± 2.8 MJ to 9.7
± 2.8) (p = 0.03) between baseline and 3 mo with the
reduction greater in Group I whose energy intake then
increased after reintroduction of FODMAP molecules to
tolerance at 6 mo (10.1 ± 2.9 MJ) (p < 0.01). Calcium
intake was comparable in both group I (1.1 ± 0.5 g
to 1.1 ± 0.7 g) and group II (1.0 ± 0.4 g to 1.0 ±
0.7 g) (p = 0.89) at 3 mo and this was sustained at 6
mo in both group I (1.1 ± 0.5 g) and group II (1.1 ±
0.6 g) (Table 2). All of these intakes exceeded the NZ
[48]
estimated average requirements (EAR) . There was
a reduction in fiber intake in Group I between baseline
and 3 mo (32.6 ± 13.9 g to 20.7 ± 11.1g) (Figure 8).
This is below the NZ EAR of 30g for adult males and
[48]
25 g for adult females . After re-introducing FODMAP
to tolerance fiber intakes increased to levels similar
to pre-intervention. In Group II the reduction in fiber
intake 29 ± 10 g to 27 ± 9 g from 3 mo to 6 mo was
not significant.

IBS quality of life questionnaire
a
100

a

b

IBS QoL (0-100)

80

60

40
Baseline
3 mo
6 mo

20

0

Group Ⅰ

Group Ⅱ
Group and time period

Figure 7 Change in irritable bowel syndrome related quality of life[36] by
time period and group. Participants in group I received dietary education
after the collection of baseline measures and started reintroducing FODMAP
to tolerance after collecting of data at 3 mo. Group II received their dietary
education after the collection of data at 3 mo. aP < 0.05, bP < 0.01.

Change in microbiota

Whole stool samples were obtained from participants
in sterile containers, within 4 h of collection they were
frozen at -20 ℃. Sequences of the V4 region of 16S
rRNA gene were obtained from 107 fecal samples.
Of these, two were discarded due to low sequencing
coverage (< 9000 reads). This yielded 105 samples with
a mean number of reads per sample of 27518 ± 6887
SD (range: 14143-45584) providing high sequencing
depth per sample. At a 97% clustering identity and a
minimum 1% abundance in at least one sample, 244
operational taxonomic units (OTUs) were observed.
Due to an electrical failure a subset (36/107)
of early samples were accidentally thawed. This
corresponded to 32/48 samples from the baseline visit
and 4/37 from the 3 mo visit. The effect of thawing
resulted in an obvious skew to the microbiota profiles

at 6 mo in Group I (81 ± 14 to 77 ± 17) (p = 0.1)
and replicated in group II (73 ± 13 to 80 ± 12) ( p <
0.01). The only subscale that did not improve in Group
I from baseline to 3 mo was food avoidance and the
only improvement that was not sustained in Group I
was impact on sexual relationships. In Group II the
only subscales that improved from baseline to 3 mo
were social reaction and relationships. In Group II
during their intervention period health worry and food
avoidance did not improve.

Effect on nutritional adequacy

At baseline there was no difference between the two
groups in energy, protein, fat, carbohydrate, and fiber
or calcium intake. There was an apparent reduction in

WJG|www.wjgnet.com

4638

July 7, 2017|Volume 23|Issue 25|

Harvie RM et al . Low FODMAPs reduce IBS symptoms

100

b

b

90

Baseline
3 mo
6 mo

4.0
Shannon's diversity

Fiber intake (g/d)

80
70
60
50
40
30

3.5

3.0

2.5

20
10
0

Group Ⅰ

BS

Group and time period

Figure 8 Comparison of total fiber intake between group I who
received dietary education immediately after randomisation and began
reintroducing FODMAP at three months and group II who received dietary
education after the collection of the 3-mo data. Fiber intake was measured
on a food frequency questionnaire[34] previously validated for estimating fibre
intakes. Recommended fiber intakes for NZ adult males are 30 g per day and
for adult NZ females are 25 g per day as represented by the horizontal lines, bP
< 0.01.

I

p

ou

3M

r
_G

I

p

ou

6M

r
_G

I

up

_

o
Gr

BS

II

up

3M

_

o
Gr

II

up

II

o
Gr

_

6M

Figure 9 Diversity of samples measured by the Shannon index. Partici
pants in Group I commenced the low FODMAP diet after collection of the
baseline measures and in Group II after the collection of data at three months.
Each sample is represented by one dot.

symptom severity in IBS patients. We demonstrated
that an overall reduction in the amount of FODMAPs
consumed, symptoms and quality of life significantly
improved and this was sustained over the six month
study period. Furthermore, our results are consistent
with previous findings in that the low FODMAP diet
[25]
is most effective for IBS(D) patients . However,
we were unable to demonstrate an effect of the low
FODMAP diet on the composition of the intestinal
microbiome, although we did see that there was no
change in overall diversity when commencing the low
FODMAP diet.
One of the concerns raised about a low FODMAP
diet is that by reducing GOS and FOS fiber intakes
are reduced. As this study collected dietary data
before dietary intervention, after the initial intense
phase and after structured food re-challenges we
were able to demonstrate a reduction in the energy
consumption and especially the fiber intake to below
recommended amounts during the intense phase
of the study. However, with the reintroduction of
FODMAP, especially the galacto-oligosaccharides and
fructo-oligosaccharides, foods to tolerance the fiber
intake increased and the food consumption became
nutritionally adequate again. Intake of galactooligosaccharides which include legumes, high FODMAP
nuts and some vegetables returned to pre-dietary
intervention levels. Fiber is an important substrate
for bacteria and their fermentation not only inhibits
the growth of pathobionts but also produces short
[49]
chain fatty acids (SCFA)
and is associated with
microbial diversity. SCFA are an energy source for the
colonocytes and play a regulatory role affecting trans
[50]
[51]
epithelial fluid transport , decreased inflammation ,
[52]
[53]
oxidative stress , increases epithelial tight junctions
[54]
and increases intestinal motility
and are therefore
central to presumed pathomechanisms leading to IBS.
After re-challenging, GOS intakes increased to pre

(Supplementary figure 1) which was statistically
significant (p = 0.001, R = 0.44 ANOSIM) rendering
these samples uninformative for analysis.
None the less, no obvious differences were observed
in unaffected samples after dietary intervention in
Group II (Supplementary figure 2) and there were no
changes in alpha diversity (Figure 9). Using a paired
analysis of Group II participants before and after
intervention (n = 12 per timepoint), no OTUs were
found to have been significantly altered by dietary
intervention (FDR-corrected paired Welch’s t-test <
0.05).
Given the heterogeneity of human responses
we carried out an exploratory subgroup analysis
to determine microbes present after intervention,
which may be predictive of positive or negative
outcomes from the FODMAP diet. A responder was
defined as an individual showing an improvement
in IBS severity score of at least 200 points while a
non-responder showed either no improvement or an
improvement of less than 50 points which was based
[35]
on the classifications of Francis et al
where this
was the threshold for reliably indicating improvement
in disease status. This yielded 6 non-responders
(mean improvement = 15.6 ± 25.2 SD) and 4
responders (mean improvement = 258.0 ± 17.8
SD). No differences were observed in alpha, beta
diversity and no significant OTUs were identified (data
not shown).

DISCUSSION
This real-world and long-term study adds to the
growing body of evidence that a dietitian delivered
[17,19-23]
low FODMAP education is effective
for reducing
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dietary intervention levels. As GOS have been shown
in an in vitro colonic model to reduce the production of
[55]
putrefactive metabolites showing that these FODMAPs
were successfully reintroduced during re-challenging is
important. This important finding highlights the need for
this diet to be supervised by an experienced dietitian,
especially during the re-challenge phase.
[56]
[27]
Similar to Chumpitazi et al
and McIntosh et al
[24]
and Halmos et al we found that a low FODMAP diet did
not reduce diversity of the microbiome. Like McIntosh
[27]
et al
participants in our study predominantly had
diarrhea. Possibly the effect of increasing microbial
[57]
diversity with increased transit time compensated for
the effect of reduced fiber substrates. With a smaller
sample size and a conservative analytic approach our
[27]
study did not replicate the results by McIntosh et al
which saw some changes in the microbiome when
IBS patients commenced a low FODMAP diet. Due
to the natural inter-personal wide variations in the
composition of the microbiome which can have a larger
[58]
difference than the effect of the dietary intervention
it is important that larger studies where samples are
collected, stored and processed and analyzed in a
[59]
consistent manner
using appropriate computational
[60]
biology tools . Furthermore, 16S rRNA sequencing of
the gastrointestinal microbiome is only able to detect
differences down to the level of operational taxonomic
units, whereas functional differences vary by species
or even strains. Further studies could aim to use
shotgun metagenomic sequencing to study differences
[61]
in functional capacity of the gut microbiota . In
creased levels of some Ruminococcae have been
found in greater abundance levels in IBS patients vs
healthy controls. Species level increases in the relative
abundances of members of the Ruminococcus family
[62-65]
have been found for Ruminococcus torques et rel
,
[66]
another found an increase in Ruminococcus bromii ,
another two found an increase in Ruminococcus gnavus
[66,67]
et rel
and another an increase in the relative
[67]
abundance of Ruminococcus lactaris . Ideally, future
studies of the microbiome should be supported by
targeted qPCR of bacteria known to differ between
IBS patients and healthy controls. The wide natural
variation in the microbiome combined with an in
frastructure failure meant we were unable to detect
a change in the composition and diversity of the
microbiome. Future dietary interventions investigating
the effect of diet on the microbiome may benefit from
[68]
[27]
including metabolomics . McIntosh et al
found
greater separation between a low FODMAP and a high
FODMAP diet in the metabolome than the microbiome.
Our study has shown that dietitian delivered
dietary education during the re-challenge phase of the
diet leads to improved fiber intake without significant
worsening of symptoms. Similar to other studies
we demonstrated an overall reduction in symptom
[17,19-22,25,26]
[19,21,22]
severity
, a reduction in bloating
and
frequency of pain. Two of the three other studies which
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investigated the effect of a low FODMAP diet on quality
[20,25]
of life also showed an improvement
. Other studies
[19,21,22]
[19,22]
reported a reduction in flatulence
, nausea
[19,21]
and improvement in energy levels
however, these
symptoms were not included in the IBS SSS we used.
A strength of our study was the use of a com
parator group as it allowed us to control for the natural
fluctuations over time in symptoms severity in patients
with IBS. Consequently, the placebo response is high
[69]
in studies of IBS patients . As seen in this study,
there was some improvement in individual participants
in group II prior to intervention. While a waiting list
comparator group is able to account for the fluctuating
nature of symptoms, it is not a true placebo arm as
participants are aware of their group allocation and are
not expecting to get better and participants received
less attention from the study investigators than those
in group I. A previous study had shown that in IBS
patients the patient-practitioner relationship had
[70]
evoked the treatment response
Data was collected
by the dietitian who delivered the dietary education
so results could also have been skewed by a desire in
[71]
participants to “help” the investigator .
In conclusion, our study showed that a dietitian
delivered low FODMAP education was able to reduce
symptom severity and improve quality of life in a group
of IBS patients, which was sustained over a six months
period. Our study also showed that while fiber intakes
decrease initially, after re-challenging they return to a
level similar to that prior to dietary intervention further
highlighting the need for this dietary intervention to
be dietitian-led to monitor and counteract potential
nutritional inadequacies.
Further research needs to be conducted to examine
the effects of the low FODMAP diet on microbiome and
metabolomic data during the intensive phase of the low
FODMAP diet but also after patients have re-introduced
foods to tolerance. This will provide evidence of the
long-term effect of the diet. Including both microbiome
and metabolomics will provide information on how the
structure, diversity and function of the gastrointestinal
microbiome is altered with this dietary change. This
will help us to answer the unanswered questions on
the long term effects of this diet.
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A low FODMAP diet has been shown to be effective in reducing symptoms
in approximately 70% of patients with irritable bowel syndrome (IBS). It is
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foods for symptom improvement and after they had been reintroduced to
tolerance.

Applications

This study showed that reintroducing FODMAP molecules to tolerance provides
the opportunity for IBS patients to meet their fiber intakes.

13

Terminology

Microbiome: the ecological community of micro-organisms that share our body
space; Metabolome: the small molecules produced by the microbiome.
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Abstract
AIM
To evaluate the anti-apoptotic effect of banhasasimtang (BHSST) on chronic acid reflux esophagitis (CARE)
using a rat model.
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METHODS
A surgically-induced CARE model was established in
Sprague-Dawley rats. The modeled rats were divided
into a treatment group or untreated group, and
given BHSST (1 g/kg body weight per day) or water,
respectively, for 15 consecutive days (n = 7 each
group). Changes in expression of proteins related to
nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase and apoptosis were assessed by western
blotting. Changes in esophageal pathology were
analyzed by gross and histological examinations.
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RESULTS
The CARE exposure modeled rats showed increased
phox
levels of the NADPH oxidase subunit, NOX4 and p47
in the esophagus. The BHSST treatment completely
resolved these CARE-related increases. The CARE
rats also showed markers of cytokine stress, including
elevated levels of TNF-α and reactive oxygen species
as well as of the consequent increase in JNK activation,
and subsequent decrease in pro-survival gene ex
pression, such as of Bcl-2 . BHSST treatment resolved
the CARE-related changes. BHSST also exerted an antiapoptotic effect, as evidenced by altered expression
of the apoptosis-related genes for bax, cytochrome c,
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and the field of GERD research has begun to search
for an herbal therapeutic useful for the treatment and/
or prevention of GERD and to define the molecular
mechanisms underlying any such beneficial activities.
[7]
Recently, Lee et al uncovered a close relationship
between chronic acid reflux esophagitis (CARE) and an
altered profile of markers of oxidative stress (OS). An
exaggerated or unregulated prolonged inflammatory
process, in response to various exogenous and endo
genous stimuli, can induce tissue damage and has
been implicated in the development and progression of
[8]
many chronic diseases, including CARE . Continuous
reflux of gastric contents causes ulceration and
destruction of the normal squamous epithelium of the
esophagus. Over time, the esophagus adapts to the
continuous reflux stimuli with metaplastic conversion
[9,10]
to columnar epithelium
. These series of processes
led to Barrett’s esophagus, a common premalignant
lesion of esophageal adenocarcinoma. Accordingly,
management of Barrett’s esophagus (via suppression
of the gastroesophageal reflux) is recommended, at
the earliest stage possible, to prevent the development
[11]
of gastroesophageal carcinoma in an early stage .
Banhasasim-tang (BHSST) is a classic herbal
formulation in Traditional Chinese Medicine (TCM).
Its first recorded description is in the Shang-Han Lun
(transl. Treatise on Cold Damage and Miscellaneous
Diseases) written by the Chinese physician Zhang
Zhong-Jing (A.D. 150-219). He suggested the treat
ment of disease and a proper mixture of medicines
in Shang-Han Lun after having synthesized clinical
experiences and therapeutic principles based on the
[12,13]
existing medical books
. It continues to be in use
throughout Asia, including in South Korea, for treating
[14-16]
symptoms associated with GERD
.
However, the molecular mechanisms underlying
its observed protective effects against GERD remain
unknown. The research study described herein
was designed to begin to investigate the molecular
mechanisms of BHSST protection against esophageal
mucosal ulcer by using a rat model of CARE.

and caspase 3. Finally, the BHSST treatment markedly
ameliorated the CARE-related esophageal mucosal
ulcerations.
CONCLUSION
In the rat model of CARE, BHSST can suppress develop
ment of esophageal mucosal ulceration via regulation
of reactive oxygen species-dependent apoptosis.
Key words: Banhasasim-tang; Chronic acid reflux
esophagitis; Reactive oxygen species; Esophageal
ulcer; Apoptosis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Banhasasim-tang (BHSST) has been used
widely as an herbal prescription in East Asia for its
therapeutic effects on symptoms associated with
gastroesophageal reflux disease. In this study, BHSST
is shown to play a protective role against chronic acid
reflux esophagitis-induced esophageal mucosal ulcer in
a rat model, and that this effect involves regulation of
reactive oxygen species-dependent apoptosis.
Shin MR, An HJ, Seo BI, Roh SS. Anti-apoptotic effect of
banhasasim-tang on chronic acid reflux esophagitis. World J
Gastroenterol 2017; 23(25): 4644-4653 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i25/4644.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i25.4644

INTRODUCTION
Gastroesophageal reflux disease (GERD) is one of the
most frequently encountered gastrointestinal disorders
worldwide, occurring in children as well as adults and
showing a trend towards increasing risk in the past few
[1]
decades . Various etiologies have been demonstrated
as underlying the disease pathogenesis, ranging from
diet, the increased social life stress of modern-day life,
[2]
and a diverse array of medical conditions . As such,
the symptoms of GERD are equally diverse, ranging
from heartburn and regurgitation to severe erosive
esophagitis and its associated complications. Patients
with GERD can also suffer sleep disturbances, chest
[3]
pains or respiratory symptoms .
Economic analyses have indicated that the increased,
incidence of GERD is accompanied by increased direct
and indirect costs related to its diagnosis, treatment
and supervision, as well as of costs related to its
complications. The currently prescribed medications for
GERD are pharmaceutical drugs-primarily H2 receptor
[4]
antagonists (H2RAs) and proton pump inhibitors (PPIs) .
However, these drugs are associated with multiple
adverse effects, such as headaches, diarrhea, nausea
[5,6]
(H2RAs and PPIs) and constipation (PPIs) . Herbal
medicines have been proposed as a useful alternative,
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MATERIALS AND METHODS
Materials

Protease inhibitor mixture cocktail, 4,6-dihydroxy2-mercaptopyrimidine (2-thiobarbituric acid; TBA),
and ethylenediaminetetraacetic acid (EDTA) were
purchased from Wako Pure Chemical Industries, Ltd.
(Osaka, Japan). 2′,7′-Dichlorofluorescein diacetate
(DCF-DA) was obtained from Molecular Probes
(Eugene, OR, United States). Phenylmethylsulfonyl
fluoride (PMSF) was purchased from Sigma-Aldrich
Chemical Co (St. Louis, MO, United States). Pierce’s
bicinchoninic acid protein assay kit was obtained from
Thermo Fisher Scientific (Waltham, MA, United States).
Enhanced chemiluminescence (ECL) western blotting
detection reagents and nitrocellulose membranes
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Sprague-Dawley rats (Nara Biotec Co, Pyeongtaek,
South Korea), weighing 160-170 g, were housed in
cages with constant temperature of 24 ± 2 ℃, relative
humidity of 60%, automated 12:12 h light/dark cycle
(light on at 7:00 AM), and free access to food and
water.
CARE was surgically induced as described by
[17]
Omura et al . Briefly, a midline laparotomy was
performed to expose the stomach and transitional
region (i.e., limiting ridge) between the fundus, and
the glandular portion of the stomach was ligated with
2-0 silk thread in order to restrict the compliance of
the stomach, which led to the reflux of gastric contents
into the esophagus. Additionally, a latex ring (2 mm
in thickness; ID, 4 mm, made from 18-Fr Nelaton
catheter) was placed around the pyloric sphincter so
as to restrict the emptying of gastric contents. Rats
were then injected with gentamicin sulfate (antibiotic,
subcutaneous injection) and dexamethasone (antiinflammatory agent, subcutaneous injection) to
prevent infection.
After surgery, the rats were fasted for a further
48 h but water was provided at 24 h after surgery.
All animals had an operational adjustment for 7 d
post-surgery. Body weight was recorded every day
over a course of 22 d from the surgery day (during
the “operational adjustment period” of the first 7 d
post-surgery and then during the “BHSST treatment
period” of the next 15 d. Food intake was recorded
every day during the 15-d BHSST treatment period.
For the 15-d treatment course, the CARE modeled rats
were divided into two groups (n = 7 each) and given
an oral administration (via stomach tube) of either
water (CARE group) or BHSST at 1 g/kg body weight
(BHSST-treated CARE group). Blood samples were
collected by vena cava puncture from anesthetized
rats. At day 22 post-surgery, all rats were sacrificed
and the entire esophagus was removed, examined
rapidly for gross mucosal injury and frozen in liquid
nitrogen. Both the esophageal tissues and serum
samples were kept at -80 ℃ until analysis.

Table 1 Composition of the banhasasim-tang formulation
used in this study
Herb

Amount in g

Pinelliae rhizoma
Scutellariae radix
Zingiberis rhizoma siccus
Ginseng radix
Glycyrrhizae radix
Jujubae fructus
Coptidis rhizoma

1.67
1.00
0.83
1.00
1.00
1.00
0.33

Banhasasim-tang Ex. granule was obtained from Hankook Shinyak Corp
(Nonsan-si, Chungcheongnam-do, South Korea) in a pack of 3.5 g.

were supplied by GE Healthcare (Chicago, IL, United
States). Rabbit polyclonal antibodies against bax
phox
(1:1000; SC-7480), p47
(1:1000; SC-14015) and
cytochrome c (1:1000; SC-13156); goat polyclonal
antibodies against tumor necrosis factor-α (TNF-α)
(1:1000; SC-1351); mouse monoclonal antibodies
against phosphor-c-Jun NH2-terminal kinase (p-JNK)
(1:1000; SC-6254), histone (1:1000; SC-8030) and
β-actin (1:1000; SC-4778) were purchased from
Santa Cruz Biotechnology, Inc. (Dallas, TX, United
States). Mouse monoclonal antibody against activator
protein-1 (AP-1) subunit c-Jun (1:1000; #2315)
was obtained from Cell Signaling Technology, Inc.
(Danvers, MA, United States). Mouse monoclonal
anti-caspase-3 (1:1000; 3004-100) was purchased
from BioVision Inc. (Mountain View, CA, United
States). Rabbit polyclonal anti-reduced nicotinamide
adenine dinucleotide phosphate oxidase 4 (NOX4)
was purchased from LifeSpan BioSciences (Seattle,
WA, United States). Rabbit anti-goat (1:3000;
SC-2774), goat anti-rabbit (1:3000; SC-2004) and
goat anti-mouse (1:3000; SC-2005) immunoglobulin
G (IgG) horseradish peroxidase (HRP)-conjugated
secondary antibodies were acquired from Santa Cruz
Biotechnology, Inc. All other chemicals and reagents
used were of the analytical grade purchased from
Sigma-Aldrich Co.

Serum reactive oxygen species and TBA-reactive
substance measurement

BHSST formulation

Light brown granules of BHSST were purchased from
Hankook Shinyak Corp (Nonsan-si, Chungcheongnamdo, South Korea) and had been produced according
to the Korean Good Manufacturing Practice under
permit granted by regulation of the Korean Food
& Drug Administration (Seoul, South Korea). For
experimentation, 1.5 g BHSST was dissolved in
distilled water. The specific composition of the BHSST
formulation is presented in Table 1.

Serum reactive oxygen species (ROS) level was
[18]
measured as described by Ali et al . Briefly, 25
mmol/L DCF-DA was added to the serum sample
and allowed to incubate for 30 min. The DCF-DAinduced change in fluorescence value was measured
at an excitation wavelength of 486 nm and emission
wavelength of 530 nm. TBA-reactive substance
(TBARS) level was estimated according to the method
[19]
of Mihara and Uchiyama .

Animal experiments

Preparation of cytosolic and nuclear fractions

All procedures involving animals were carried out
in full accordance with the “Guidelines for Animal
Experimentation” with pre-approval given by the
Ethics Committee of the Daegu Haany University. Male
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Protein extraction was performed according to the
[20]
method described by Komatsu , with minor modifi
cations. Briefly, esophageal tissue was homogenized in

4646

July 7, 2017|Volume 23|Issue 25|

Shin MR et al . Banhasasim-tang and chronic acid reflux esophagitis
Table 2 Body weight change and food intake
Group
Drug treatment
Normal rats
CARE modeled rats
Untreated
BHSST-treated

0d
169 ± 2.4

Body weight change in g, following surgery
4d
7d
14 d
1d
8d
170 ± 2.4
219 ± 2.6
278 ± 3.9

21 d
15 d
329 ± 5.6

27.32 ± 0.47

166 ± 2.2
167 ± 1.8

137 ± 2.0b
135 ± 1.8

178 ± 12.8b
194 ± 19.1

12.27 ± 0.63b
14.99 ± 0.58d

142 ± 2.7b
146 ± 3.8

150 ± 7.5b
169 ± 10.1

Food intake in g/d

Data are presented as mean ± SE (n = 7). bP < 0.001 vs normal rats; dP < 0.01 vs untreated CARE modeled rats.

ice-cold lysis buffer A (250 mL) containing 10 mmol/L
HEPES (pH 7.8), 10 mmol/L KCl, 2 mmol/L MgCl2, 1
mmol/L DTT, 0.1 mmol/L EDTA, 0.1 mmol/L PMSF,
and 1250 μL protease inhibitor mixture cocktail. The
homogenate was then incubated at 4 ℃ for 20 min,
after which 10% NP-40 was added and mixed well.
After centrifugation at 13400 × g for 2 min at 4 ℃
(5415R centrifuge; Eppendorf, Hamburg, Germany),
the supernatant liquid (cytosolic fraction) was removed
to a new tube. The leftover pellet was then washed
twice with buffer A, centrifuged and the supernatant
discarded. The leftover pellet was suspended in lysis
buffer C (20 mL) containing 50 mmol/L HEPES (pH 7.8),
50 mmol/L KCl, 300 mmol/L NaCl, 1 mmol/L DTT, 0.1
mmol/L EDTA, 0.1 mmol/L PMSF, 1% (v/v) glycerol,
and 100 μL protease inhibitor mixture cocktail and
incubated at 4 ℃ for 30 min. After centrifugation at
13400 × g for 10 min at 4 ℃, the nuclear fraction was
obtained. Both cytosolic and nuclear fractions were
kept at -80 ℃ until use in analysis.

analysis was performed using SPSS version 22.0
software (IBM SPSS Inc, Armonk, NY, United States).
P values less than 0.05 were considered to indicate
statistical significance.

RESULTS
CARE-related change in body weight and food intake,
and effect of BHSST

CARE modeled-rats had significantly lower body weight
and food intake during the BHSST treatment period
than the of normal rats (Table 2). However, the BHSSTtreated CARE modeled rats had significantly higher
food intake than the untreated CARE rats. The BHSST
treatment appeared to have no significant effect on
the body weight of the CARE modeled rats.

BHSST protects against CARE-related effects on gross
and histologic pathology

Normal rats had no detectable esophageal mucosa
lesions, whereas esophageal ulcers were readily
apparent in the middle or distal esophagus of the
untreated CARE modeled rats (Figure 1). As compared
to the normal rats, the untreated CARE modeled rats
exhibited basal layer thickening and inﬂammatory cell
inﬁltration; the BHSST-treated CARE modeled rats
showed remarkably less extensive damage (Figure 2).

Immunoblotting analyses

For estimation of c-Jun and histone, 13.6 µg of
protein from each nuclear fraction was resolved by
electrophoresis through a 10% sodium dodecylsulfate
polyacrylamide gel (SDS-PAGE). The separated proteins
were transferred to a nitrocellulose membrane, blocked
by incubating with 5% (w/v) skim milk solution for 1
h, and then incubated with primary antibodies (c-Jun
and histone) for overnight at 4 ℃. After the blots were
washed, they were incubated with anti-rabbit or antimouse IgG HRP-conjugated secondary antibody for 1
h at room temperature. In addition, 10-16 µg protein
of each cytosolic fraction was electrophoresed by
10%-14% SDS-PAGE for immunodetection of TNF-α,
phox
p-JNK, NOX4, p47 , bax, cytochrome c, caspase 3,
and β-actin. Each antigen-antibody complex was first
processed with the ECL regents and then detected by
the Sensi-Q 2000 Chemidoc instrument (Lugen Sci Co.,
Ltd., Gyeonggi-do, South Korea). Band densities were
measured using ATTO Densitograph Software (ATTO
Corporation, Tokyo, Japan) and quantified as the ratio
to histone or β-actin. Protein levels of the groups are
expressed as relative to those of normal rat (set to 1.0).

BHSST protects against CARE-related effects on serum
ROS and TBARS

As shown in Table 3, the levels of the OS-related bio
markers, ROS and TBARS, in untreated CARE modeled
rats were markedly higher than those of normal rats
(P < 0.01). The BHSST-treated CARE modeled rats
showed a decrease in these CARE-induced elevations,
to levels even lower than those in normal rats. In
addition, the BHSST treatment led to significant
decreases in serum ROS and TBARS, but only the ROS
decrease was statistically significant (P < 0.05).

BHSST protects against CARE-induced up-regulation of
esophageal p47phox and NOX4 protein expression
phox

The expressions of both p47
and NOX4 proteins
[the markers of nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase activity in the esophageal
tissues] were augmented in the CARE modeled rats
(vs normal rats, P < 0.01). The BHSST-treated CARE

Statistical analysis

The data are expressed as mean ± SE. Statistical
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Figure 1 Surgical induction of chronic acid reflux esophagitis and representative image of the degree of esophageal mucosal ulcer in each group of rats. A:
Normal group; B: Untreated chronic acid reflux esophagitis modeled group; C: BHSST-treated group. BHSST: Banhasasim-tang.
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B
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Figure 2 Chronic acid reflux esophagitis and effects of banhasasim-tang treatment. A: Normal, normal rats; B: Control, untreated CARE modeled-rats; C:
BHSST, BHSST-treated (1 g/kg body weight per day) CARE modeled-rats. Histology of the non-CARE esophagus revealed thin epithelium with few inflammatory
cells. Whereas, CARE esophagus showed mucosal thickening with basal cell hyperplasia and marked inflammatory cell infiltration. These histological changes were
improved by BHSST treatment. H&E staining; original magnification × 200. CARE: Chronic acid reflux esophagitis; BHSST: Banhasasim-tang.

bax, cytochrome c and caspase 3 were examined in
the cytosolic fraction. All three of these proteins were
significantly higher in the untreated CARE modeled
rats (vs normal rats, P < 0.05, < 0.001 and < 0.01,
respectively). These elevated expressions were
substantially enhanced by the BHSST treatment, with
bax and caspase 3 expression being decreased to a
level near that seen in the normal (P < 0.05 and < 0.01,
respectively).

modeled rats, however, had significantly downregulated NADPH oxidase (vs untreated CARE modeled
rats, P < 0.01) (Figure 3).

BHSST protects against CARE-induced up-regulation of
esophageal TNF-α , p-JNK, and c-Jun protein expression

The untreated CARE modeled rats had increased
protein expression for TNF-α and p-JNK in the cytosolic
fraction, and for c-Jun in the nuclear fraction. The upregulation was reversed by the BHSST treatment
(Figure 4).

DISCUSSION

BHSST protects against CARE-induced up-regulation of
apoptosis-related factors in the esophagus

Several herbals from TCM have been shown to exert
therapeutic effect through the inhibition of apoptosis,
[21]
particularly in the treatment of GERD . However,

As shown in Figure 5, the apoptosis-related factors
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Figure 3 Expression of NOX4 and p47phox in chronic acid reflux esophagitis rats and effects of banhasasim-tang treatment. Normal, normal rats; Control,
untreated CARE modeled-rats; BHSST, BHSST-treated (1 g/kg body weight per day) CARE modeled rats. Data are presented as mean ± SE (n = 6). bP < 0.01 vs
normal rats; dP < 0.01 vs untreated CARE modeled rats. CARE: Chronic acid reflux esophagitis; BHSST: Banhasasim-tang.
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Figure 4 Detection of TNF-α, p-JNK, Bcl-2 and c-Jun in chronic acid reflux esophagitis rats and effects of banhasasim-tang treatment. Normal, normal rats;
Control, untreated CARE modeled-rats; BHSST, BHSST-treated (1 g/kg body weight per day) CARE modeled rats. Data are presented as mean ± SE (n = 6). cP < 0.05
vs untreated CARE modeled rats. CARE: Chronic acid reflux esophagitis; BHSST: Banhasasim-tang.

Glycyrrhizae radix, Zizyphi fructus, and Coptidis
rhizoma. Studies of the various constituents have
[23]
elucidated the antiemetic effect of Pinelliae rhizoma ,
the anti-inflammatory and antitumor effects of
[24]
[25]
Scutellariae radix and Ginseng radix alba , and the
[26]
antioxidant effect of Glycyrrhizae radix , Zingiberis
[27]
[28]
rhizoma siccus
and Coptidis Rhizoma ; Ziziphus
[29]
jujuba
has been widely used to ameliorate the
symptoms of gastrointestinal disorders in Eastern
Asia. The 13 major bioactive components of BHSST
are homogentisic acid, 3,4-dihydroxybenzaldehyde
(from Pinelliae rhizoma), spinosin (Zizyphi fructus),
liquiritin, liguiritigenin and glycyrrhizin (Glycyrrhizae
radix), baicalin, baicalein, wogonoside and wogonin
(Scutellariae radix), ginsenoside Rg1 and ginsenoside
Rb1 (Ginseng radix alba), and 6-gingerol (Zingiberis
[30]
rhizoma siccus) . Baicalin represents the most
abundant content. BHSST formulations including
these bioactive components have been shown to exert
gastroprotective effects and to do so through inhibition
[31,32]
of inflammatory proteins
.
Based on the previous studies of BHSST, we
predicted that a formulation containing these bioactive
herbs would allow for improvement of esophageal
ulcer induced by CARE in a rat model. For this reason,

Table 3 Hematological analyses
Group
Normal rats
CARE modeled rats
Untreated
BHSST-treated

ROS

TBARS

fluorescence/min·mL

nmol/mL

182 ± 14.5

3.56 ± 0.13

289 ± 31.9b
134 ± 59.2c

7.60 ± 0.77b
5.56 ± 0.36

Data are presented mean ± SE (n = 7). bP < 0.01 vs normal rats; cP < 0.05
vs untreated CARE modeled rats. CARE: Chronic acid reflux esophagitis;
ROS: Reactive oxygen species; TBARS: 2-Thiobarbituric acid reactive
substance.

the role of BHSST still lacks evidential data of its
underlying molecular mechanism against CARE. The
present study provided evidence that supplementation
of BHSST significantly ameliorated CARE-induced
esophageal ulcer.
Traditional herbal formulas have been generally
used throughout East Asia for prevention and
[22]
treatment of various inflammatory disorders . BHSST
is one such herbal medicine, and its formulation
consists of the following seven herbs (in 5:3:3:3:3:3:1
proportions): Pinelliae rhizoma, Scutellariae radix,
Zingiberis rhizoma siccus, Ginseng radix alba,
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Figure 5 Expression of bax, cytochrome c and caspase 3 in chronic acid reflux esophagitis rats. Normal, normal rats; Control, untreated CARE modeled rats;
BHSST, BHSST, BHSST-treated (1 g/kg body weight per day) CARE modeled rats. Data are presented as mean ± SE (n = 6). aP < 0.05, bP < 0.01 vs normal rats; cP <
0.05, dP < 0.01 vs untreated CARE modeled-rats. CARE: Chronic acid reflux esophagitis; BHSST: Banhasasim-tang.

the present study was conducted using the same
CARE model system frequently used in the previous
[17]
experimental studies . Firstly, body weight gain
during the experimental period and food intake during
the BHSST treatment periods were confirmed. As
shown in Table 2, although the normal rats and CARE
modeled rats started out at similar body weights,
the CARE modeled rats experienced weight loss until
recovery from the surgery (4 d), during which time the
normal rats experienced a gradual increase and this
was due to low food intake. However, the significant
increase in food intake upon BHSST administration
led to some weight gain (but without statistical
significance). Thus, the CARE-inducing surgery appears
to have brought about the changes in food intake and
[33]
body weight .
Next, gross morphological changes such as mucosal
thickening and esophageal ulcer, both of which are
associated with the metaplastic process of mucosal
epithelial cells were observed in the CARE modeled
rats; this is in contrast to the features of hemorrhage,
hyperemia and multiple erosions in acute reflux
[34]
esophagitis . The CARE-related tissue injuries were
located in the lower part of esophagus, in particular.
However, esophageal ulceration was completely absent
in the normal rats. The normal esophagus exhibited
a thin epithelial layer with squamous cells and few
inﬂammatory cells in the submucosal layer, while the
CARE esophagus exhibited the characteristic basal
[35]
layer thickening and inﬂammatory cell inﬁltration .
Importantly, the CARE modeled rats that were treated
with BHSST showed remarkably less damage than
their untreated CARE control counterparts.
Apoptosis, or programmed cell death, serves to
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remove superfluous, damaged, infected, or transformed
cells, and is a key cellular process for maintenance
of tissue homeostasis. Two main pathways lead to
apoptosis: the extrinsic (or death receptor) pathway,
[36,37]
and the intrinsic (or mitochondrial) pathway
. The
extrinsic pathway requires activation of membrane
“death” receptors, such as those for TNF. The intrinsic
pathway, which functions independently of the death
receptors, involves the mitochondria and is mediated
[38]
through stimulation by stress molecules (i.e., ROS) .
An important cellular source of ROS is the NADPH
oxidase family. Previous studies have reported that
pharmacological suppression of NADPH oxidase activity
[39]
prevents tissue apoptosis . These findings suggest
that NADPH oxidases may contribute to apoptosis of
esophageal tissue, a feature of GERD in humans and
[40]
CARE in rats . In the present study, CARE modeled
rats showed up-regulation of both NADPH oxidase and
TNF-α in esophageal ulcer, these CARE-related changes
were reversed by BHSST administration.
In the absence of OS, JNK can bind to glutathione
S-transferase, resulting in inhibition of JNK activity.
Under OS conditions, which are characterized by
ROS overproduction, glutathione S-transferase is
[41]
dissociated from JNK, resulting in its activation .
Increased levels of ROS, which exceed the capacity
of cellular antioxidant defense systems, lead to OS
and have been implicated in the pathology of several
[42]
chronic diseases . Numerous studies have shown
that the JNK/AP-1 pathway can stimulate expression
of pro-apoptotic genes, such as TNF. JNK is also
known to decrease the expression of pro-survival
genes, as has been shown for Bcl-2. Besides, the
pro-apoptotic protein bax may promote cytochrome
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Figure 6 Possible mechanism of the banhasasim-tang protective mechanism in the esophagus of chronic acid reflux-induced esophageal ulcer in rats.
BHSST: Banhasasim-tang; ROS: Reactive oxygen species.

c release and the subsequent activation of effector
caspases. In a healthy cell, Bcl-2 is expressed on the
external surface of the mitochondrial membrane,
where it is available for binding to Apaf-1, which is
thereby kept inactivated. Any alteration in the internal
equilibrium of the cell, such as ROS accumulation,
then causes mitochondrial release of cytochrome c.
In turn, Bcl-2 liberates Apaf-1, that then binds to the
[43]
released cytochrome c . Furthermore, the release of
cytochrome c from mitochondria into the cytoplasm is
an important regulatory step in caspase 3 activation.
In the current study, JNK activation was moderately
enhanced in CARE modeled rats, as compared to
normal rats. BHSST treatment facilitated a substantial
down-regulation of the CARE-related enhancement of
JNK activation. Moreover, BHSST was found to increase
transcription of the gene encoding the anti-apoptotic
Bcl-2-like protein, which would serve to inhibit the proapoptotic factor bax and to attenuate the transcription
of genes encoding for pro-apoptotic proteins, such as
bax. Taken together, regulating expression of genes
encoding Bcl-2 during CARE could be relevant to
explain the beneficial effects of BHSST in treatment
of CARE. Nevertheless, the mechanism of action of
BHSST remains to be unambiguously defined and
further research is required.
In conclusion, data from the present study indicates
that the down-regulation of TNF-α or the suppression
of NADPH oxidase activity affects the esophageal
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apoptotic response in CARE. Meanwhile, BHSST
treatment was shown to exert beneficial anti-apoptotic
effects in CARE, as shown in Figure 6. Accordingly,
BHSST may be a promising herbal formula for the
prevention or treatment of GERD. However, the
relationship between the prevalence of esophageal
mucosal ulcerations and other risk or etiological
factors, such as gastrointestinal motility, gastric acid
and pepsin secretion, or esophageal sensitivity is
unknown, and further study is necessary in order to
adequately understand this relationship.

COMMENTS
COMMENTS
Background

Gastroesophageal reflux disease (GERD), including reflux esophagitis, is
mainly caused by excessive or continuous exposure of the esophageal mucosa
to the gastric contents. The existing therapeutic strategy for GERD is primarily
acid suppression, and commonly involves the use of pharmacological antacids,
H2-receptor antagonists, and proton pump inhibitors. Despite their well-known
efficacies, recurrence among the treated patients is considerably high. Recent
studies have reported that oxidative stress plays an important role in the
pathogenesis of reflux esophagitis. Hence, the authors sought to determine
whether banhasasim-tang (BHSST) treatment exerts a protective effect under
oxidative stress status of chronic acid reflux esophagitis (CARE) using a rat
model.

Research frontiers

GERD, which causes symptoms of heartburn and acid regurgitation, is a
common disease affecting modern life, despite the great achievements that
have increased our understanding of the pathophysiology and treatment of
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the disease. Incidence of GERD has grown worldwide in recent decades,
and has detrimental effects on the quality of life of sufferers. The findings
from this research may help health care professionals in dealing with GERD.
Consequently, BHSST, one of more safe and effective herbal formulations, may
prove useful as a therapeutic to increase the quality of life of GERD patients.

9

Innovations and breakthroughs

10

This novel study demonstrated that BHSST plays a protective role against
esophageal mucosal ulcer, possibly through modulation of apoptotic proteins
via suppression of oxidative stress.
11

Applications

This study may provide a future strategy for therapeutic intervention for
esophageal mucosal ulcer that is induced in CARE model rats.

12

Terminology

13

The esophageal mucosal ulcer is involved in CARE. CARE leads to oxidative
stress. But suppression of oxidative stress can affect apoptosis in the
esophagus. As the result, BHSST administration exerts a protective effect
through the inhibition of reactive oxygen species.
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Peer-review

This is a well written and planned study demonstrating the protective effects of
BHSST on a rat CARE model system. The protective effects of BHSST seem
to arise from regulation of reactive oxygen species-dependent apoptosis. The
results of this study are very interesting and good.
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Abstract
AIM
To systematically review literature upon aetiology of
nosocomial spontaneous bacterial peritonitis (N-SBP)
given the rising importance of multidrug-resistant (MDR)
bacteria.
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METHODS
A literature search was performed on MEDLINE
th
and Google Scholar databases from 2000 to 15 of
November 2016, using the following search strategy:
“spontaneous” AND “peritonitis”.
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RESULTS
The initial search through electronic databases
retrieved 2556 records. After removing duplicates,
1958 records remained. One thousand seven hundred
and thirty-five of them were excluded on the basis of
the screening of titles and abstract, and the ensuing
number of remaining articles was 223. Of these
records, after careful evaluation, only 9 were included
in the qualitative analysis. The overall proportion of
MDR bacteria turned out to be from 22% to 73% of
cases across the studies.
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CONCLUSION
N-SBP is caused, in a remarkable proportion, by MDR
pathogens. This should prompt a careful re-assessment
of guidelines addressing the treatment of this clinical
entity.

SPB is the bacterial translocation from the gut. It is
well-known how in cirrhotic patients the composition
of gut microbiota is altered both from a quantitative
[6]
and qualitative perspective
Moreover, in this
context gut’s barrier function and immune response
[6]
to translocating microbes are hindered . In light of
these considerations, it does not come as surprise the
historical prevalence of Gram-negative enteric bacteria
among the etiological agents of SBP, influencing the
[7]
empirical therapeutic choice . However, over the last
years physicians have been facing an important change
in the epidemiology features of SBP, in particular, and
of bacterial infections, in broader sense in cirrhotic
patients. Indeed, since early 2000s, factors such as
the prophylactic oral antibiotic therapy with quinolones
used to prevent SBP have led up to the remarkable
increase of Gram-positive bacteria as causative agents,
as well as the occurrence of infections by multi-drug
[8,9]
resistant (MDR) organisms .
The most frequently isolated MDR bacteria are
extended-spectrum beta-lactamase (ESBL)-producing
Enterobacteriaceae, non-fermentable Gram-negative
bacilli (such as Pseudomonas aeruginosa), methicillinresistant Staphylococcus aureus (MRSA), and
[10]
vancomycin-resistant enterococci (VRE) . This trend
has been applying to all the major types of bacterial
[4]
infection in cirrhotic patients, including SBP .
Recently, SBP caused by MDR bacteria has been
[11]
exclusively associated with nosocomial infections .
Resistant pathogens are one the main reason why
SBP is still today a potentially life-threating infection
in hospitalized patients, being the mortality rate up to
[12]
20% . This rate is dramatic in view of the fact that
more than a third of decompensated ESLD patients
develop nosocomial SBP (N-SBP) during hospita
[13]
lization . Nosocomial SBP seems to have a higher
risk to be provoked by MDR bacteria. The selection of
the appropriate empiric regimen, pending the culture
results, is a crucial decision because any delay implies
[14]
an increase of the mortality rates .
The increasing failure of traditional treatment
options for nosocomial SBP, namely third-generation
cephalosporins as recommended by previous guide
[5]
lines , has prompted a re-evaluation of suggested
empirical therapeutic regimens, which should be based
on broader-spectrum agents, such as piperacillin/
[14]
tazobactam, meropenem ± glycopeptide
or mero
[12]
penem plus daptomycin
. For instance, the latter
proved to be more effective than ceftazidime alone in
a recent randomized controlled trial involving patients
[12]
with nosocomial SBP . According to the most recent
recommendations, third-generation cephalosporins
should be restricted only to selected patients,
[3]
particularly in case of community-acquired infections .
A “grey area” is represented by the so-called
healthcare-associated infections, whose difference with
nosocomial infections appears to be extremely tenuous
[15]
in terms of epidemiology and outcome .

Key words: hospital-acquired infections; Nosocomial
spontaneous bacterial peritonitis; multidrug resistant
bacteria; cirrhosis; critically ill patient
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Nosocomial spontaneous bacterial peritonitis
(N-SBP) develops in up to one-third of cirrhotic
patients. The overall 30-d survival for N-SBP is only
20%, also due to an inadequate empirical antibiotic
therapy (EAT). The aim of our Sistematic Review is to
describe N-SBP bacterial aetiology and the prevalence
of multiple drug resistance (MDR) pathogens to suggest
which EAT may be adequate in these entities. After
careful evaluation 9 studies were identified. The overall
proportion of MDR bacteria was up to 22%-73% of
cases. EAT with a carbapenem plus daptomycin and
a Beta-lactam active against methicillin-resistant cocci
should be considered in centers with a high prevalence
of MDR bacteria.
Fiore M, Maraolo AE, Gentile I, Borgia G, Leone S, Sansone P,
Passavanti MB, Aurilio C, Pace MC. Nosocomial spontaneous
bacterial peritonitis antibiotic treatment in the era of multi-drug
resistance pathogens: A systematic review. World J Gastroenterol
2017; 23(25): 4654-4660 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i25/4654.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i25.4654

INTRODUCTION
Bacterial infections are a well-known cause of morbidity
and mortality in cirrhotic patients, being a leading
[1]
aetiology of progression in liver failure . Subjects
suffering from liver cirrhosis can be considered as
[2]
immunocompromised and, as such, are more prone
to infections, whose incidence and severity is greater
than in non-cirrhotic individuals. Spontaneous bacterial
peritonitis (SBP) and urinary tract infections are the
[3]
most frequent infections in this setting .
SBP is defined as a bacterial infection, usually
monomicrobial, of ascitic fluid, without an evident
source of sepsis in the peritoneum or adjacent tissues,
occurring in subjects with decompensated liver
[4]
diseases . Diagnosis relies on ascitic fluid cell analysis
3
(polymorphonuclear cell count ≥ 250/mm ) and ascitic
fluid culture, but positivity of microbiological findings is
inconstant, generally lower than 50%; thereby, many
[5]
cases are classified as culture-negative .
The fundamental pathogenic mechanism underlying
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Data extraction

The aim of this systematic review is to provide
a comprehensive overview of the microbiological
features, both from an etiological and resistance
standpoint, of N-SBP in order to have an insight into
the MDR forms and inform physicians’ empirical choice
depending on the context wherein infection occurs.

Full text articles resulting from the end of the data
selection process were reviewed by Fiore M and
Maraolo AE to identify (1) study characteristics
as authors, journal, clinical setting and country,
observation time span and design; (2) temporal
definition of nosocomial cases; (3) ratio between
nosocomial and non-nosocomial episodes; (4) number
of culture-positive cases among the total episodes;
(5) ratio between bacterial and fungal cases of
spontaneous peritonitis; (6) ratio between cases due to
Gram-positive bacteria and to Gram-negative bacteria;
(7) proportion of MDR strains in the overall sample;
(8) proportion of MDR strains among Gram-positive
bacteria; and (9) proportion of MDR strains among
Gram-negative bacteria. Results were crosschecked
and any disagreement was resolved through a third
reviewer’s opinion (Leone S).

MATERIALS AND METHODS
This systematic review was carried out according to
the Preferred Reporting Items for Systematic Reviews
[16]
and Meta-Analyses .

Definition

Spontaneous peritonitis (SP) is an infection of ascitic
fluid of cirrhotic patients without a definitive alternative
intra-abdominal source of infection. If a microbiological
culture is performed on ascitic fluid, the growth of
bacteria makes diagnosis of SBP, instead the growth
of fungi makes diagnosis of Spontaneous fungal
[17]
peritonitis (SFP) . Cases were defined nosocomial
[11]
[12]
if the diagnosis was made after 48
or 72
h of
hospitalization. Multidrug-resistance was defined as
to at least one agent in three or more anti-infective
[18]
agents categories .

Literature search strategy

RESULTS
Studies retrieved

Figure 1 depicts the whole selection process involving
the studies selected for this systematic review. The
initial search through electronic databases retrieved
2556 records. After removing duplicates, 1958 records
remained. One thousand seven hundred and thirty-five
of them were excluded on the basis of the screening
of titles and abstract, and the ensuing number
of remaining articles was 223. Of these records,
after careful evaluation, only 9 were included in the
qualitative analysis, meeting both the aforementioned
inclusion and exclusion criteria.

[19]

The MEDLINE and Google Scholar databases
were
th
screened from 2000 to 15 of November 2016, using
the following search strategy “spontaneous” AND
“peritonitis”. References were managed using both
Endnote X5 and Zotero. Handsearching of additional
records was performed screening the reference list of
the retrieved full-text articles.

Study characteristics

Tables 1 and 2 describe the main features of included
[12,20-27]
studies
. Eight of the 9 studies were conducted
in University Hospitals. Eight observational studies (5
retrospective and 3 prospective) and one randomized
controlled trial (RCT); the majority of the studies was
conducted on a European population (2 Germany, 2
Italy, 1 Spain), followed by the Asia (2 South Korea, 1
China) and North America (1 Canada). A total of 1.201
positive culture of ascitic fluid of cirrhotic patients were
included. Five hundred and twenty positive culture
were nosocomial SP, of these 19 were fungal peritonitis
and 501 were bacterial peritonitis, respectively. Identifi
cation of pathogens in ascitic fluids from patients with
[12,27]
N-SBP is approximately 50%
as that reported
[5]
historically in peritonitis not nosocomial . The review
shows that recently the bacterial spectrum seems to
have changed with high prevalence of Gram-positive
bacteria (29.3%-62.5%). The percentage of MDR
varies from 36.8 to 50% for the Gram-positive and
from 30% to 66.6% for the Gram-negative bacteria.
The included studies clearly shows the emerging
patterns of third-generation cephalosporins resistance
in causative bacteria of N-SBP. In the study of Piano

Study selection

Two independent reviewers (Fiore M and Maraolo AE)
screened titles and abstracts to establish eligibility
for full-text review. No geographical restriction was
placed. Studies were included if (1) published in
full and written in English; (2) published in peerreviewed journal; (3) clearly defined the onset of SBP
(nosocomial alone or as opposed to non-nosocomial
setting) in cirrhotic patients; and (4) specified the
aetiology and the resistance profile of SBP causative
agents, among the culture-positive cases. Studies
were excluded if (1) primitive polymicrobial infections
were not taken into account; (2) aetiology and resis
tance profile of SBP causative agents could not be
extricated from the presented data (e.g., aetiology
and bacterial susceptibility referring to both SBP and
bacterascites, or to both infections of ascitic fluid and
bacterial infections other than SBP); (3) they were
case series or case reports; (4) they were not empirical
studies (e.g., reviews, editorials, commentaries,
book chapters); and (5) they were only published as
abstracts, congress posters, letters to the editors.
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Identification

Titles identified on PubMed (n = 1627)
and Google Scholar (n = 929)
published between January 1, 2000,
and November 15, 2016 (n = 2556)

Screening

Records after duplicates removed
(n = 1958)
Records excluded (n = 1735)

Eligibility

Full-text articles assessed for eligibility
(n = 223)

Included

Records screened (n = 1958)

Studies included in qualitative synthesis
(n = 9)

Full-text articles excluded, with reasons (n = 214):
No data on resistance (59), no microbiological information (60), data on
SBP mixed with non-SBP infections (4), episodes not classified as either
nosocomial or CA (31), review (30), systematic review (1), data on SBP
mixed with bacterascites (4), mixed resistance data about nosocomial and
CA-infections (1), guidelines (2), case series (2), letter (9), journal with
peer-review (3), primitive polymicrobial infections excluded (5), data only
on SFP (1), case report (1), editorial (1)

Figure 1 Flow chart of studies selection. SBP: Spontaneous bacterial peritonitis; CA: Community acquired; SFP: Spontaneous fungal peritonitis.

Table 1 Study characteristics (part 1)
Ref.
Song et al[20]
Cheong et al[21]
Fernández et al[22] (first cohort)
Fernández et al[22] (second cohort)
Chaulk et al[23]
Li YT et al[24]
Friedrich et al[25]
Piano et al[12]
Salerno et al[26]
Lutz et al[27]

Country, clinical setting

Study years

Study design

N-SP definition
(hours after admission)

N-SP/non N-SP

South Korea, University Hospital
South Korea, University Hospital
Spain, University Hospital
Spain, University Hospital
Canada, University Hospital
China, University Hospital
Germany, University Hospital
Italy, University Hospital plus
Private Care Center
Italy, multicenter
Germany, University Hospital

1998-2003
2000-2007
2005-2007
2010-2011
2003-2011
2011-2013
2007-2013
2011-2014

RC
RC
PC
PC
RC
RC
RC
RCT

> 72
> 72
> 48
> 48
> 48
> 48
> 48
> 72

2007-2009
2012-2016

PC
PC

> 48
> 48

32/74
126/110
32/94
7/26
17/60
99/207
89/49
Only NSP, 31
cases
24/32
63/29

N-SP: Nosocomial spontaneous peritonitis; RC: Retrospective cohort; PC: Prospective cohort; RCT: Randomized controlled trial.

[12]

[28]

et al
only 60% of Gram-negative bacteria are
susceptible to third-generation cephalosporins;
enterococci (24%) and staphylococci (19%) are the
most commonly Gram-positive bacteria isolated. In
[25]
the study of Friedrich et al the overall percentage of
enterococci (26.1%) is similar and they are intrinsically
cephalosporin-resistant. The rate of MRSA, among
Staphylococcus aureus strains, is as high as 85.7% in
[24]
the study of Li et al . Resistance of Enterococcus spp.
[12]
to ampicillin varies from 37.5% to 75%, with a 8.3%
[25]
of VRE . The rate of ESBL among Enterobacteriaceae
[21]
[24]
ranged from 28%
to 51.2% . The proportion of
ESBL among specific strains such as E. coli can be as
[20]
high as 66.7% .

of cirrhosis, especially in hospitalized patients .
Moreover, infections are the key driver of the so-called
[29]
acute-on-chronic liver failure , defined by a recent
consensus as a syndrome in patients with advanced
liver disease characterized by acute decompensation
provoking liver failure and at least one extrahepatic
organ failure, resulting in an increased short-term
[30]
mortality
A prompt recognition, allocating the
[31]
patient in the proper care setting , and an adequate
treatment of the precipitating factor are essential
[32]
to improve patients’ outcomes . SBP-associated
septic shock has a poor prognosis (mortality 80%).
Appropriate antimicrobial therapy should be given as
soon as possible: non-administration corresponds to an
[33]
increase of 1.86 times hospital mortality per hour .
Over the last years, a new threat has emerged with
respect to bacterial infections in cirrhosis in the form
of the changing epidemiological pattern (increase of

DISCUSSION
Bacterial infections represent a relevant complication
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Table 2 Study characteristics (part 2) n (%)
Ref.

N-SP culture-positive/N-SP
total

N-SBP/
N-SFP

N-SBP by GPB/
culture-positive
N-SPB

N-SPB by MDR
bacteria/culture-positive
N-SPB

N-SBP by MDR-GPB/
N-SBP by GPB

N-SBP by MDR-GNB/
N-SBP by GNB

Song et al[20]
Cheong et al[21]
Fernández et al[22]
(first cohort)
Fernández et al[22]
(second cohort)
Chaulk et al[23]
Li et al[24]
Friedrich et al[25]
Piano et al[12]
Salerno et al[26]
Lutz et al[27]

Only culture positive cases
Only culture positive cases
NA

32/0
123/3
32/0

NA
37/119 (31.0)
NA

NA
NA
7/32 (21.9)

NA
NA
NA

12/18 (66.6)1
23/82 (28.0)
NA2

NA

7/0

NA

2/7 (28.5)

NA

NA3

NA
Only culture positive cases
NA
16/31 (51.6)
NA
30/63 (47.6)

17/0
92/7
81/8
16/0
24/0
29/1

NA
27/92 (29.3)
37/118 (31.3)
10/16 (62.5)
NA
14/29 (48.2)

7/17 (41.1)
29/62 (46.8)4
59/81 (72.8)
6/16 (37.5)
6/24 (25.0)
9/30 (30.0)

NA
7/19 (36.8)5
NA
3/6 (50.0)
NA
NA

NA
22/43 (51.2)6
NA
3/10 (30.0)
NA
NA

1

Resistance data only about Escherichia coli; 2All cases of multidrug-resistance were related to Gram-negative bacteria; 3All cases of multidrug-resistance
were related to Gram-negative bacteria; 4Data only about Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus, Enterococcus spp.; 5Data
only about Staphylococcus aureus and Enterococcus spp.; 6Data only about Escherichia coli and Klebsiella pneumoniae. N-SP: Nosocomial spontaneous
peritonitis; N-SBP: Nosocomial spontaneous bacterial peritonitis; N-SFP: Nosocomial spontaneous fungal peritonitis; GBP: Gram-positive bacteria; GNB:
Gram-negative bacteria; NA: Not available.

mg/kg of body weight, low concentrations are achieved
[42]
in peritoneal fluid .
Daptomycin is a lipopeptide active against MDR
Gram-positive pathogens, including drug-resistant
and drug-susceptible Staphylococcus aureus and
[43]
VRE . Decreased susceptibility to daptomycin (DAPR)
reported in MRSA is frequently accompanied with a
paradoxical decrease in beta-lactam resistance, a
process known as the “see-saw” effect. Despite the
observed discordance in resistance phenotypes, the
combination of daptomycin/beta-lactams has been
proven clinically effective for the prevention and
[44]
treatment of infections due to DAPR-MRSA strains .
Therefore Daptomycin in monotherapy does not seem
[45]
to be the treatment of choice for SBP due to MRSA .
In conclusion, third-generation cephalosporins
have poor microbial coverage for treatment of N-SBP.
Cirrhotic patients with N-SBP in clinical setting with
high prevalence of VRE, MRSA, ESBL should receive as
empirical antibiotic therapy: High dose of Daptomicyn
(i.e., 8-12 mg/kg per 24 h) plus Meropenem (i.e., 1
[46]
g/8 h) plus a β-lactam active against MRSA .
When the culture is positive and susceptibility
data are available an antibiotic with a narrower spec
trum should be promptly initiated (early de-escalation
strategy); this in the case of the individuation of
non-MDR bacteria limits the selection of antibiotic
[47]
resistances .
In areas with high prevalence of MDR bacteria, the
late start of Broad-Spectrum EAT for N-SBP should be
[48]
discouraged .

Gram-positive bacteria) and the rise of antimicrobial
[34]
resistance . Possible reasons for this phenomenon
were the large preventive use of quinolones and the
growing degree of instrumentalization of the cirrhotic
[35]
patient, especially in the nosocomial context .
Unfortunately, even the most authoritative guide
[5,36]
lines
relying on outdated microbiological data, do
not provide a useful guidance. They still support the
use of third-generation cephalosporins for SBP, taking
into account the risk of infections by MDR bacteria or
the difference between nosocomial and community[37]
acquired forms . On the contrary, a position statement
in 2013 by the European Association for the Study of
the Liver recommended different therapeutic options
according to the onset of the infection, namely thirdgeneration cephalosporins for community-acquired
infection and piperacillin/tazobactam or meropenem
[3]
plus daptomycin for nosocomial episodes . Experts
[4]
recommend cephalosporins or piperacillin/tazobactam,
[14]
meropenem ± glycopeptide .
Piperacillin/tazobactam is inadequate therapy for
patients with life-theatering infections due to ESBL[38,39]
producing Enterobacteriaceae
.
Meropenem is carbapenem antibiotic which has
excellent bactericidal activity in vitro against ESBLproducing Enterobacteriaceae. Breadth of spectrum
is due, in part, to stability to all serine-based betalactamases, including those which hydrolyse thirdgeneration cephalosporins. Meropenem is poorly active
[40]
against staphylococci and enterococci .
Glycopeptides active against MDR Gram-positive
cocci give concerns owing to the potential risk of
nephrotoxicity. The rate of acute kidney injury is
higher in patients with concomitant acute liver failure,
which may be related to hemodynamic instability or
[41]
development of hepatorenal syndrome . Furthermore,
when teicoplanin is administered intravenously at 10
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Background

8

Spontaneous bacterial peritonitis (SBP) is one the most frequent type of
infection in cirrhotic patients. Bacterial infections remarkably worsen the
prognosis of these subjects, in case of not adequate treatment. The therapeutic
choice has become increasingly difficult in the light of the growing importance
of multidrug-resistant (MDR) bacteria as causative agents of bacterial infections
in patients with advanced liver disease.

9

Research frontiers

This is the first systematic review aimed at summarizing the evidence from
literature concerning the epidemiology of nosocomial cases of SBP, in order to
highlight the importance of MDR bacteria.

10
11

Innovations and breakthroughs

This systematic review, focused on SBP, confirms the epidemiological change
involving bacterial infections in cirrhotic patients as whole, namely the rise
of Gram-positive isolates, and, more alarming, the notable increase of MDR
bacteria among nosocomial cases.

12

Applications

The results of this systematic review suggest that the burden of MDR bacteria
as causative agents of nosocomial SBP is worrisome. Further studies,
especially randomized clinical trials, are warranted so as to understand the best
treatment of these cases. In the meanwhile, the use of broad-spectrum agents
as empiric therapy is a prudent and reasonable choice, especially in settings
where resistance rate is high.

13
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Peer-review

The authors did clearly represent the current problematics in the field of
nosocomial spontaneous peritonitis and its possible solutions with the
proposition of new guidelines. it provides very useful information for clinicians.
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Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yan-Chang Lei, Hangzhou
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Di Qu, Shanghai
Ju-Wei Mu, Beijing
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
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Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Xiu-Yan Wang, Shanghai
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
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Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg

III

Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
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Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

Indiad
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
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Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot

IV

Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
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Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
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Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
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Abstract

Author contributions: Weng HL conceived and designed the
manuscript; Munker S, Wu YL, Ding HG, Liebe R and Weng HL
wrote and edited the manuscript.

The question whether epithelial-mesenchymal
transition (EMT) occurs during liver fibrogenesis is
a controversial issue. In vitro studies confirm that
hepatocytes or cholangiocytes undergo EMT upon
transforming growth factor β (TGF-β) stimulation,
whereas in vivo experiments based on genetic fate
mapping of specific cell populations suggest that EMT
does not occur in fibrotic animal models. In this review
we present current data supporting or opposing EMT
in chronic liver disease and discuss conditions for the
occurrence of EMT in patients. Based on the available
data and our clinical observations we hypothesize that
EMT-like alterations in liver cirrhosis are a side effect
of high levels of TGF-β and other pro-fibrotic mediators
rather than a biological process converting functional
parenchyma, i.e. , hepatocytes, into myofibroblasts at a
time when essential liver functions are deteriorating.
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internalize to generate mesoderm and endoderm,
while those remaining in the epiblast become ecto
[12,13]
derm
. EMT and MET between endoderm and
mesoderm are critical mechanisms for organogenesis,
[14-16]
for example in the kidney
. However, EMT does
not play an important role during liver organogenesis
because hepatoblasts, from which hepatocytes and
BEC are subsequently derived, arise from endoderm
[17]
rather than mesoderm .

whether a complete epithelial-mesenchymal transition
(EMT) occurs in human fibrotic livers. We consider
three aspects that might determine the occurrence of
EMT: (1) capacity of parenchymal cells; (2) potential
benefit for the liver and the whole body; and (3) micro
environment within a fibrotic liver. Clinical evidence
suggests that in humans, EMT-like alterations occur
mainly in advanced chronic liver disease, i.e. , cirrhosis.
In such a severe disease state, the most urgent mission
for a liver is to maintain a maximum number of functional
hepatocytes, while hepatic stellate cells and portal
fibroblasts provide an ample supply of myofibroblasts. It
appears that there is no need for additional sources of
myofibroblasts in a cirrhotic liver. EMT-like alterations
in parenchymal cells are most likely a side effect of
high levels of EMT-promoting factors such as TGF-β.

EVIDENCE SUPPORTING AND OPPOSING
EMT IN LIVER FIBROSIS
According to a brief definition of EMT, that is, “epithelial
cells changing their phenotype and acquiring mesen
[11]
chymal properties” , two types of adult liver cells
can undergo EMT under experimental conditions:
[18]
hepatocytes and cholangiocytes . Given that HSC
are mesenchymal cell in the first place, regardless if
quiescent or activated, the conversion of HSC into MFB
is not considered EMT. Thus the term EMT refers to
the process of hepatocytes or cholangiocytes obtaining
phenotypes of mesenchymal cells and differentiating
into MFB.

Munker S, Wu YL, Ding HG, Liebe R, Weng HL. Can a
fibrotic liver afford epithelial-mesenchymal transition? World J
Gastroenterol 2017; 23(26): 4661-4668 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i26/4661.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i26.4661

INTRODUCTION

Parenchymal cells express mesenchymal markers in
patients with advanced chronic liver disease

The progression of liver fibrosis is a dynamic process
characterized by excessive deposition of extracellular
matrix (ECM). Myofibroblasts (MFB) are the major
[1,2]
ECM-producing cells . MFB are derived from different
cell types with sinusoidal hepatic stellate cells (HSC),
portal fibroblasts and bone marrow-derived fibrocytes
[3]
being the most prominent sources . Whether hepa
tocytes and/or cholangiocytes differentiate into MFB by
way of epithelial-to-mesenchymal transition (EMT) is
[4-10]
still controversial
. In this review, we discuss actual
data supporting or opposing the occurrence of EMT
during liver fibrogenesis.

Evidence supporting the occurrence of EMT during liver
fibrogenesis is based on immunohistochemistry and costaining studies. Expression of multiple mesenchymal
markers, including vimentin, S100A4 [fibroblast-specific
protein (FSP-1)], heat shock protein 47 (HSP47),
snail, and α-smooth muscle actin (α-SMA), has been
reported in parenchymal cells of patients with different
[17,19,20]
chronic liver disease
. Diehl AM’s group showed
that S100A4 is expressed in reactive ducts of patients
with primary biliary cholangitis (PBC) and of cirrhotic
[19,21]
patients with non-alcoholic steatohepatitis (NASH)
.
[17]
Díaz et al found that in pediatric patients with biliary
atresia and adult patients with primary sclerosing
cholangitis (PSC)/PBC, cholangiocytes and reactive
ducts express FSP-1, the collagen chaperone HSP47,
the intermediate filament protein vimentin, and the
[22]
transcription factor snail. Dooley et al
showed
that a portion of hepatocytes in patients with HBVassociated cirrhosis expressed Snail. These results
suggest that parenchymal cells do indeed express
mesenchymal markers in chronic liver disease. It
should be noted that parenchymal cells expressing
mesenchymal markers have only been found in patients
with advanced chronic liver disease, e.g., cirrhosis so
far. There is no data showing that parenchymal cells of
patients express mesenchymal markers at early stages
of liver fibrosis.

Why does EMT occur during embryogenesis?

A hypothetical biological process requires three
preconditions: (1) the process has to provide a
benefit to either the local organ or the system; (2)
the cells must be capable of performing the process;
and (3) the process must be supported by the
surrounding microenvironment. EMT is classified into
[11]
three subtypes : Type 1 EMT, which is associated
with implantation, embryo formation, and organ
development; type 2 EMT, which is a repair-associated
function that generates fibroblasts and other related
cells in order to reconstruct tissues following trauma
and inflammatory injury; and type 3 EMT in neoplastic
cells that have previously undergone genetic and
epigenetic changes, particularly in genes that favor
clonal outgrowth and the dissemination of tumors.
So far, type 1 EMT is the best-characterized subclass,
[12,13]
occuring in the embryo at gastrulation
. A subset
of cells from the epiblast moves to the midline to form
the primitive streak. These cells undergo EMT and
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In vitro studies confirm the occurrence of EMT in liver
cells

Further evidence supporting the occurrence of EMT of
liver parenchymal cells comes from in vitro studies.
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[31]

Fetal rat hepatocytes treated with transforming growth
factor β (TGF-β) underwent an EMT, presenting high
levels of vimentin and Snail and lack of cytokeratin
[23]
18 and E-cadherin . Murine primary hepatocytes
cultured on monolayers of dry collagen undergo
dedifferentiation and lose polarity and liver function
[24]
within 3 d . Changing culture conditions by seeding
hepatocytes within a sandwich of two soft collagen
gel layers preserves an epithelial phenotype for
[24]
extended periods . Upon TGF-β stimulation, primary
hepatocytes on both dry collagen monolayer and soft
collagen gel sandwich quickly exhibit myofibroblastlike morphological changes, lose tight junction
proteins (e.g., Occludin and E-cadherin), and express
mesenchymal markers (vimentin, connective tissue
[4,24,25]
growth factor, S100A4, et al)
. In contrast to
hepatocytes of untreated mouse livers, hepatocytes
derived from carbon tetrachloride (CCl4)-induced
cirrhotic mice express vimentin, a mesenchymal
[25]
marker, in vitro and in vivo .
TGF-β induces hepatocytes’ EMT through regulating
the expression of transcription factors, in particular
Snail, the master gene of EMT, and hepatocyte nuclear
factor 4α (HNF4α), the master gene of hepatocyte
[26,27]
differentiation
. The Snail family induces EMT in
different epithelial cells, including hepatocytes. In
fetal liver, TGF-β induces apoptosis of hepatocytes.
Snail confers hepatocytes resistance to TGF-β[26,27]
induced cell death
. In addition, Snail expression is
sufficient to induce EMT in adult hepatocytes. HNF4α
is an essential transcription factor maintaining the
[28]
epithelial phenotype of hepatocytes . During EMT of
hepatocytes, expression of HNF4α is largely inhibited
[27]
by TGF-β administration . The inhibitory effects are
performed by upregulating Snail, which represses
transcription of the HNF4α gene through direct binding
[27]
to its promoter . The balance between these two
transcription factors plays a pivotal role in regulating
[29]
EMT/MET dynamics in hepatocytes .
Besides hepatocytes, primary cholangiocytes
isolated from rats following one week of bile duct
ligation (BDL) express S100A4 while showing reduced
expression levels of epithelial markers such as
[21]
cytokeratin 19 and 7 . When an immature cholan
giocyte line was treated with conditioned medium
from myofibroblastic HSC, these cholangiocytes
[21]
underwent complete EMT . Consistent with the
[30]
findings in rat cholangiocytes, Rygiel et al
reported
that administration of TGF-β induced expression of
mesenchymal markers in cultured primary human
cholangiocytes. These results show that (1) in vitro cell
culture conditions (e.g., putting cells on monolayer gel)
induce hepatocytes’ loss of epithelial feature; and (2)
pro-EMT factors in cultured medium, such as TGF-β,
induce rapid EMT of liver parenchymal cells.

fibrosis , later studies based on genetic cell fate
mapping provided convincing evidence that in contrast
to liver parenchymal cells in primary culture, EMT does
not occur in fibrotic animal models induced by BDL, CCl4,
[4,5,10]
and 3,5-diethoxycarbonyl-1,4-dihydrocollidine
. This
[3,6,8]
issue has been discussed intensively
.

Current fibrotic animal models deny the occurrence of
EMT during liver fibrogenesis

CAN LIVERS EVEN AFFORD EMT IN
CIRRHOTIC PATIENTS?

TGF-β: BETWEEN FIBROSIS AND EMT
As mentioned above, one key finding supporting the
occurrence of EMT in damaged liver is that paren
chymal cells express mesenchymal markers. Why
would they do that? One explanation might be that
there are high levels of growth factors such as TGF-β
surrounding these cells.
TGF-β is not only the most important pro-fibrotic
[32]
cytokine , but also the most efficient growth factor
[33]
promoting EMT . It has been confirmed that liver
parenchymal cells undergo EMT in culture medium with
[4,24,25]
TGF-β stimulation
. During chronic liver diseases,
TGF-β is produced by multiple systemic and local cells,
including macrophages, monocytes, activated HSC
[34,35]
and reactive ducts
. In addition, TGF-β treatment
also induces BMOL cells, a murine liver progenitor
cells (LPC) line, to undergo EMT-like phenotype
change in vitro (unpublished data). There is a close
correlation between phosphorylated Smad2 levels
and fibrotic stages in HBV- and steatosis-associated
[36]
chronic liver disease . This means that parenchymal
cells in cirrhotic livers often reside in an environment
teeming with high levels of TGF-β. It is quite likely that
such a microenvironment can force the expression of
mesenchymal markers in parenchymal cells.
However, the occurrence of EMT should not be
defined merely by parenchymal cells expressing
mesenchymal markers. To accomplish a complete EMT
in the liver, hepatocytes or cholangiocytes are required
to finish at least the following steps: (1) expression
of mesenchymal markers; (2) loss of anchoring
proteins such as E-cadherin and Occludin; and (3)
release from adjoined hepatocytes/cholangiocytes and
conversion into an isolated MFB. To date, there is no
conclusive evidence that hepatocytes or cholangiocytes
expressing mesenchymal markers undergo the latter
two steps and become real MFB.
It should be re-emphasized that parenchymal cells
expressing mesenchymal markers are found only in
advanced stages of chronic liver disease, particularly
in cirrhosis. At this stage, survival of parenchymal
cells for the maintenance of liver function is of prime
importance. Therefore we surmise that the most likely
scenario is that expression of mesenchymal markers
by parenchymal cells represents a response to high
levels of TGF-β rather than evidence for EMT in a liver
with severely impaired functions.

Although a study of the CCl4-induced fibrotic mouse
model stated the occurrence of EMT during liver
WJG|www.wjgnet.com

Based on current data, it is too early to conclude
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that EMT of liver parenchymal cells contributes to the
MFB pool in vivo. Given the vast difference between
tissue culture and the human liver, observations of
EMT following TGF-β incubation in vitro by no means
provide convincing evidence that the same phenotypic
alterations occur during progression of chronic liver
disease in vivo. On the other hand, the fact that EMT
does not occur in fibrotic animal models does not
rule out the possibility of EMT in patients with chronic
liver disease. The currently used fibrotic models have
a maximum observation period of several months,
whereas the history of a patient progressing to liver
[37]
cirrhosis spans years and decades . The fact that
patients with chronic liver disease have such a long
natural history bears witness to the huge capacity of
the human liver for self-repair, even under continuous
attack.
The liver is the largest gland in the body, and it
supports nearly every other organ in some aspect.
The majority of physiological functions of the liver
are performed by hepatocytes, including metabolism
of carbohydrates, proteins, amino acids, lipids and
some important hormones, the production and
excretion of bile, metabolism and excretion of toxic
[38]
substances, and synthesis of coagulation factors .
In order to implement these copious complex
physiological functions, the liver owns special blood
systems and anatomic architecture. A hepatocyte
has three boundaries: the sinusoidal, lateral and
[28]
canalicular membranes . The cell is highly polarized
with transport directed from its sinusoidal surface to
[28]
the canalicular surface . The canalicular domains
between two adjacent hepatocytes constitute the
[39]
smallest bile lumen (diameter: 1 µm) . The adjoining
apical membranes of a bile lumen are sealed by tight
junctions (zonula occludens), representing the only
physical barrier between the blood and the canalicular
lumen. These tight junctions determine “paracellular
[39]
permeability” between blood and bile . In normal liver,
[40]
hepatocytes are arranged in one-cell thick cords .
Such arrangement makes hepatocyte-produced bile
delivery easy. If a complete EMT should occur in these
hepatocytes, one key issue would be that the loss
of hepatocytes from these one-cell thick cords must
not alter primary liver architecture. In a patient with
chronic liver disease, the organ is under continuous
insult and yet manages to maintain a normal function
to support the body’s physiological requirements for
several decades. To achieve this feat, the liver has to
avoid any response that is likely to disturb the above
mentioned hepatocyte arrangement.
Deposition of ECM by MFB is a key process in liver
repair. In acute liver injury, particularly during acute
liver failure, the severely damaged organ recruits
enormous numbers of ECM-producing MFB in order
[41]
to maintain a relatively intact liver architecture .
Furthermore, MFB and the ECM they produce are
providing a niche for the activation of LPC, a major cell
[42,43]
source for liver regeneration in acute liver failure
.
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Under these conditions, most mature hepatocytes
[44,45]
have gone extinct
. Still these copious amounts of
MFB do not cause fibrosis: Once the damaging etiology
is removed, the damaged liver can recover its function
and restore its architecture completely, although
fibrotic septa produced by MFB persist for several
months or years. This process is summarized as “wound
healing”.
In chronic liver disease, enduring damage induces
excessive ECM deposition beyond the liver’s capacity
[46]
for degradation . Such excessive ECM deposition
combined with local hepatocyte death and regeneration
finally results in distortion of the hepatic architecture
[47]
and vascular structures . The process is described
as liver fibrosis and its end stage cirrhosis. Actually,
the line between “wound healing” and “fibrosis” is a
blurred one. Defining the two processes only according
to disease time, for example acute or chronic, is
artificial. It is impossible to claim that ECM deposition
in the liver during chronic disease is completely
“fibrogenesis”, rather than “wound healing”. During
several decades of chronic liver disease progression,
the human body is constantly trying to repair and
restore the damaged liver. Before decompensated
liver cirrhosis is established, withdrawal of etiology
can still reverse liver fibrosis and even cirrhosis to
[48,49]
some degree
. Regeneration and repair represent
two aspects of host defence. When we discuss
whether EMT occurs in chronic liver damage or not, it
is important to consider whether there is actually any
requirement for hepatocytes to transdifferentiate into
MFB through EMT. In our view, it is highly doubtful if
MFB derived from other cell sources, e.g., HSC, should
be insufficient to produce the amount of ECM required
for healing and repair.
Morphologically, at least five fibrotic septa patterns
are demonstrated in patients with liver fibrosis: portal
to portal, portal to central, central to central, chicken[40,50]
wire and portal pipestem
. Etiology, the topographic
localization and nature of injury, and disease stage
are critical factors that determine the pattern of liver
fibrosis.
Patients with alcoholic steatohepatitis (ASH) or
NASH usually have pericellular fibrosis, i.e., the depo
sition of fibrillar matrix is concentrated around the
sinusoids and groups of hepatocytes and displays a
[40,50]
chicken-wire like shape
. It is well recognized that
this “chicken-wire fibrosis” is dependent on sinusoidal
HSC activation. Do hepatocytes undergo EMT and
transdifferentiate into MFB in these circumstances? Most
likely not: In patients with ASH or NASH, hepatocytes
manifest with steatosis, ballooning degeneration, and
containing Mallory-Denk bodies. These cells usually do
not have an intact liver function. Severe ASH or NASH
leads to lytic necrosis and apoptosis of hepatocytes.
In the end-stage of these diseases, particularly in
ASH, there may be large amounts of parenchymal
[40]
extinction, suggesting secondary vascular events .
Under these circumstances, the most important mission

4664

July 14, 2017|Volume 23|Issue 26|

Munker S et al . EMT in liver fibrosis
for surviving hepatocytes is maintaining liver function. It
is difficult to fathom that such a liver would induce EMT
in functionally impaired, or even in some of the few
remaining functional hepatocytes. On the other hand,
no data indicate that there might be insufficient HSCderived MFBs to produce the amount of ECM required
for tissue repair and/or fibrogenesis.
In contrast to ASH and NASH, ECM deposition in
biliary disease is dependent on portal fibroblasts. In
cholestatic diseases such as PBC and PSC, fibrosis
initiates from portal tracts, induced by obstruction,
[51]
loss, or inflammation of bile ducts . Geographically,
peribiliary fibroblast-derived MFB are primarily
[52]
responsible for the deposition of portal tract collagen .
The biliary fibrosis due to activation of peribiliary and
portal fibroblasts explains the lack of subdivision with
parenchymal fibrotic septa until late stages of the
[40]
disease . Morphologically, the MFB of bridging septa
in cholestatic livers strongly resemble the MFB of the
[53]
portal field . These cells can be distinguished from
HSC-derived MFB using combined staining for fibrillin-1
[52]
and elastin . Activated HSC generate fibrillin-1positive but elastin-negative ECM, whereas MFB inside
the portal tracts produce both fibrillin-1- and elastin[54]
positive ECM . In addition, activated portal tract
fibroblasts express some different protein markers
[55]
such as cellular retinol-binding protein-1 .
Besides activation of portal fibroblasts, ductular
reaction (DR), which is defined as “ductules accom
panied by an inflammatory infiltrate and by fibrosis”,
is a critical histological feature in most cholestatic liver
[51,56-58]
diseases
. It is mainly reactive ducts that have
previously been reported to express mesenchymal
[17,21]
markers
. Will these reactive ducts expressing
mesenchymal markers differentiate into MFB? To date
there is no evidence supporting this hypothesis. DR
in cholestatic liver disease has several cell sources,
including the small intralobular bile ducts, ductules,
canals of Hering and from “ductular metaplasia” of
[58]
periportal hepatocytes . Cholestatic pathogenesis
is initiated by bile leakage due to obstruction of extra
hepatic bile ducts and loss of small intrahepatic bile
ducts. DR accompanied by inflammation and fibrosis
constitutes a protective response to the destruction of
interlobular bile ducts. These reactive ducts provide
abortive bypass mechanisms for the drainage of bile
in the diseased liver, and thus protect hepatocytes
[59]
from the deleterious effect of bile acid overload . It
has been well recognized that LPC residing in canals
of Hering are the major source of DR in cholestatic
[58]
diseases . In advanced stages of PSC, severe
destruction of small ductules including canals of Hering
[60]
reduces the number and size of DR . Thus, it is clear
that DR is a key process of the liver in order to restore
the architecture of a damaged biliary tree. LPC are
activated and undergo differentiation to cholangiocytes
to recover ruined bile ducts. On the other hand, DR
and the accompanying inflammatory response indeed
play an important role in portal and periportal fibrosis
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by producing and secreting a variety of biologically
active fibrosis-associated mediators, including TGF-β2,
connective tissue growth factor, platelet derived growth
factor, tumor necrosis factor-α, interleukin (IL)-6, IL-8,
[61]
monocyte chemotactic protein-1 and nitric oxide .
Thus, these data suggest that DR contributes to biliary
fibrosis through producing critical pro-fibrogenesis
factors rather than differentiating into mesenchymal
cells.

HYPOTHESIS: HEPATOCYTES ARE
NOT ALLOWED TO PERFORM EMT IN A
CIRRHOTIC LIVER
Human liver cirrhosis develops over years or decades.
Histologically it is characterized by diffuse nodular
regeneration surrounded by dense fibrotic septa with
subsequent parenchymal extinction and collapse of
liver structures, causing pronounced distortion of
[40,47,62,63]
hepatic vascular architecture
. Of all these
histological features, parenchymal extinction is rarely
[46]
found in animal models . Parenchymal extinction
denotes the loss of contiguous hepatocytes, producing
lesions that remodel into septa that vary from 0.05
[60,62]
mm to several millimeters in thickness
. Only
recently, an elegant study from Stueck and Wanless
showed that repopulation of parenchymal extinction
lesions in cirrhotic human liver is dependent on LPC
[60]
activation . This result suggests that without LPCderived hepatocytes, the remaining mature hepatocytes
in a cirrhotic liver are not sufficient to ensure liver
function. The most urgent mission of a cirrhotic liver is
to maintain a maximum number of functional mature
hepatocytes, either by proliferation of the remaining
hepatocytes, or from LPC. Proliferating cells cannot
[64,65]
perform EMT in breast cancer
. Consistent with
breast cancer cells, TGF-β administration or over
expression of Snail induce EMT as well as cell cycle
[27]
arrest, which favors survival signals in hepatocytes .
Thus, a cirrhotic liver is unlikely to support or induce
a biological process like EMT in the surviving paren
chymal cells. On the other hand, the decision if EMT
is required for hepatic fibrogenesis and tissue repair
might also depend on whether MFB derived from other
cell sources provide sufficient ECM. At the present time,
there are no studies indicating that the activated HSC,
portal fibroblasts and fibrocytes provide insufficient
MFB.

CONCLUSION
It may be too early yet to exclude the occurrence
of type 2 EMT in patients with chronic liver damage.
However, current evidence indicates that EMT only
occurs in the advanced stages of chronic liver disease.
In this phase, i.e., during cirrhosis, mature hepatocytes
performing vital functions are decreasing in numbers.
LPCs are activated to replenish hepatocytes in order
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Table 1 Selected evidence supporting or opposing epithelial-mesenchymal transition during liver fibrogenesis
Ref.
Supporting evidence
In vitro
Primary cultured hepatocytes or cholangiocytes with TGF-β stimulation undergo complete EMT
Patients
Liver parenchymal cells in patients with advanced chronic liver disease express mesenchymal markers
Opposing evidence
Techniques based on genetic cell fate mapping of specific cell populations provided convincing evidence that EMT does not occur
in fibrotic animal models
Clinical observation
There is no data showing that parenchymal cells of patients express mesenchymal markers during early stages of fibrosis
Parenchymal cells expressing mesenchymal markers are found only in patients with advanced chronic liver disease, e.g., cirrhosis.
A cirrhotic liver is not likely to drive remaining parenchymal cells towards a non-essential biological process like EMT
No studies indicate that activation of HSC, portal fibroblasts and fibrocytes produce insufficient MFB
In the cirrhotic liver, parenchymal cells expressing mesenchymal markers might be caused by high levels of surrounding proEMT factors, e.g., TGF-β

[4,21,23-27,29,30]
[17,19-22,30]
[4,5,10]

TGF-β: Transforming growth factor β; EMT: Epithelial-mesenchymal transition; HSC: Hepatic stellate cells; MFB: Myofibroblasts.

[60]

to maintain crucial liver functions . Under these
conditions, it seems rather counterproductive for
a severely damaged liver to induce conversion of
hepatocytes into MFB. There are multiple alternative
sources of MFB, including HSC, portal fibroblasts and
fibrocytes. To date, there is no evidence suggesting
that these cell sources produce insufficient MFB for
liver repair or fibrogenesis. We propose that in the
cirrhotic liver, parenchymal cells express mesenchymal
markers in response to high levels of surrounding proEMT factors, e.g., TGF-β.
The notions discussed in this paper are based on
our observations only, and at present lack supporting
experimental evidence. We hope that future studies
and observations will provide clinical evidence to
confirm, correct or refute our hypothesis. Table 1 sum
marizes current evidence supporting or opposing EMT
during liver fibrogenesis.
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EDITORIAL

Impact of hepatitis C oral therapy in portal hypertension
Diogo Libânio, Rui Tato Marinho
mortality, mainly related to fibrosis/cirrhosis and portal
hypertension. Direct antiviral agents are highly effective
and safe and can now cure > 90% of the patients.
Sustained viral response (SVR) after interferon-based
regimens has been associated with improvement in liver
function, fibrosis and portal hypertension in a significant
proportion of patients, although a point of no return
seems to exist from which viral elimination is no longer
capable of preventing portal hypertension progression
and liver decompensation. Indeed, although SVR
is associated with improvement of hepatic venous
pressure gradients and therefore a decreased risk
of de novo esophageal varices, several studies show
that viral clearance does not eliminate the risk of
variceal progression, liver decompensation and death
in patients with pre-established portal hypertension.
Although evidence about the effects of direct antiviral
agents (DAAs) on clinically significant outcomes is still
scarce and with short follow-up, DAAs can decrease
the burden of the disease if patients are timely treated
before significant fibrosis and portal hypertension
develops. Studies with longer follow-up are waited to
establish the real magnitude of hepatitis C treatment on
portal hypertension. Future studies should also focus
on predictors of portal hypertension resolution since
it can influence management and avoid unnecessary
monitoring
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Core tip: Hepatitis C is associated with significant
morbidity and mortality, mainly through portal
hypertension complications. Hepatitis C treatment is
associated with improvement of liver function and
fibrosis, better quality of life and reduced mortality.
The knowledge of the impact of viral clearance
on portal hypertension is also relevant because it
greatly influences clinical outcomes and can influence
management after treatment. Several studies show

Abstract
Chronic hepatitis C is a leading cause of morbidity and
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hypertension, was shown to improve in several studies
[10-13]
using paired liver biopsies
and non-invasive
[12,14]
biomarkers
. However, a “point of no return”
seems to exist for both liver fibrosis, liver function and
portal hypertension. Indeed, in a large cohort of INFtreated patients, 740/1094 (68%) of the patients who
achieved SVR maintained fibrosis stage 20 mo after
treatment and fibrosis improved in only 277/1094
[10]
(25%) .
Concerning portal hypertension, SVR was associated
with a statistically significant yet modest decrease in
hepatic venous pressure gradient (HVPG) 6 mo after
[15]
INF-based therapy . In a small study including 8
patients who achieved SVR with antiviral triple therapy
there was a significant decrease in both HVPG and
liver stiffness 24 wk after therapy (10.3 mmHg vs 6.1
mmHg and 21.3 kPa vs 6.4 kPa, P < 0.001), with 5
[16]
patients (62.5%) achieving an HVPG < 6 mmHg .
Indirect markers of portal hypertension such as platelet
[17-19]
[17]
count
and spleen size were also shown to improve
after HCV eradication in INF-treated cirrhotic patients.
Concerning clinical endpoints after HCV eradication,
a prospective study with 12 years follow-up showed
a lower incidence of esophageal varices in Child A
cirrhotic patients with SVR (0% vs 32%-39% in the
[20]
untreated/non-SVR group) . A lower incidence of de
novo esophageal varices was also reported in cirrhotic
patients who achieved SVR, although the progression
of variceal size was not statistically different in patients
[21]
with and without SVR , supporting the concept of
the point of no return. Another prospective study by
[22]
Di Marco et al also showed that SVR was associated
with a lower incidence of de novo esophageal varices
in cirrhotic patients treated with PEG-INF and ribavirin
(HR = 0.23, 95%CI: 0.11-0.48), although it was not
associated with a decrease in variceal progression
or liver decompensation in those with pre-existing
[22]
varices .
[23]
Petta et al
also reported a reduced incidence of
de novo esophageal varices in patients with SVR (3.4%
vs 37.4%) On the other hand, although SVR was
associated with a decrease in liver decompensation and
mortality at 10 years, patients with esophageal varices
at baseline had an increased risk of decompensation
and death. Further supporting these findings, Lens
[24]
et al
recently reported that cirrhotic patients with
clinically significant portal hypertension at baseline
remain at risk for liver decompensation after 5 years,
regardless of SVR. In these study, although SVR was
associated with a non-statistically significant decrease
in HVPG, a higher baseline HVPG was found as the
only predictor of liver decompensation at multivariate
analysis.
Besides the absence of improvement in HVPG,
other factors may also influence the development of
complications of portal hypertension after SVR. Indeed,
[25]
Nagaoki et al
reported that portosystemic collateral
shunts at baseline (assessed by CT) were associated

that the benefits on portal hypertension are higher if
treatment is delivered before clinically significant portal
hypertension is developed, encouraging timely and
early treatment with the highly efficacious and safe
direct antiviral agents.
Libânio D, Marinho RT. Impact of hepatitis C oral therapy
in portal hypertension. World J Gastroenterol 2017; 23(26):
4669-4674 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i26/4669.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i26.4669

INTRODUCTION
Chronic hepatitis C is a leading cause of morbidity
and mortality worldwide mainly due to complications
of cirrhosis, portal hypertension and hepatocellular
carcinoma. Hypertensive bleeding is the most
significant complication of portal hypertension, being
associated with a high early mortality (20% at 6
[1]
wk) . Mortality attributed to viral hepatitis has been
increasing in the last decades and viral hepatitis was
the seventh leading cause of death worldwide in
[2]
2013 .
Direct antiviral agents (DAAs) are highly effective
and safe and are changing the prognosis and burden of
the disease. Sustained virologic response (SVR) is now
achieved in > 90% of the patients and is associated
with improvements in liver function, fibrosis and
overall survival. Portal hypertension is also expected
to improve with virological response, paralleling the
improvements in liver inflammation and liver fibrosis.
Liver transplantation due to viral hepatitis C can
[3]
also decrease in the next years . The knowledge of
the effects of hepatitis C virus (HCV) elimination on
clinically significant outcomes like portal hypertension
and its complications is thus of unremarkable importance
since it can influence management after SVR and is
the focus of this report.

IMPACT OF SVR IN PORTAL
HYPERTENSION BEFORE DAAs
Prior to DAAs development HCV treatment was mainly
recommended in patients with advanced fibrosis
or cirrhosis, in order to balance treatment benefits
with the risk of liver complications and treatment
adverse events. SVR was achieved in 40%-60% of
cases with interferon (INF) based therapies and was
associated with improvements in liver fibrosis, portal
hypertension, liver-related adverse events, liverrelated mortality, overall mortality and decreased
[4-7]
HCC incidence . HCV therapy was also associated
with quality of life improvement, namely reducing
[8,9]
decompensation and hospitalization rates .
Liver fibrosis, a major determinant of portal

WJG|www.wjgnet.com

4670

July 14, 2017|Volume 23|Issue 26|

Libânio D et al . Portal hypertension after hepatitis C therapy
with exacerbation of esophageal varices and hepatic
encephalopathy after SVR. Cofactors for liver disease
such as obesity, alcohol consumption and hepatitis B
may also contribute to minor improvement in portal
hypertension after HCV eradication.

In another study including 33 cirrhotic patients
treated with 48 wk sofosbuvir + ribavirin with clinically
significant portal hypertension at baseline, 24%
achieved a ≥ 20% decrease in HVPG at the end of
treatment, although the median HVPG change in the
[35]
entire cohort was modest (-0.5 mmHg) . Interestingly,
higher baseline MELD score was associated with a
higher HVPG response (P = 0.04). Longer follow-up
results of this trial are waited since the full effects of
SVR on architectural changes and fibrosis improvement
may have their effects later on time. Indeed, a more
pronounced liver stiffness improvement was found
between baseline and end of treatment than between
end of treatment and 6 mo after, suggesting an
important role of necroinflammation on the early
[36]
[37]
improvements in liver stiffness . Deterding et al
suggested a two-phasic decline of portal hypertension
consisting of a first rapid phase during treatment
(associated with improved inflammation) followed by
a slower second phase after 6-12 mo (associated with
fibrosis regression). This hypothesis will surely be tested
and hopefully confirmed when longer follow-up results
become available.
The results of the few studies evaluating the
changes in portal hypertension shortly after DAA
treatment thus suggest that portal hypertension
improves quickly during and after HCV eradication,
which can lead to improvements in clinically significant
outcomes such as variceal bleeding, ascites and
encephalopathy. This theoretical concept can favor the
treatment of patients with decompensated cirrhosis in
whom INF-treatments were previously contraindicated.
However, treatment in this setting is still a matter
of debate. Indeed, although HCV eradication can
decrease Child-Pugh and MELD scores in a subset of
patients (decreasing the need of liver transplantation),
it does not necessarily improve liver function and portal
hypertension sufficiently to the point of a compensated
patient with a functional live and the need for liver
transplantation may persist but be delayed due to the
MELD decrease (MELD purgatory).

IMPACT OF SVR IN PORTAL
HYPERTENSION WITH DAAs
In order to accomplish the goal of HCV elimination
[26]
as an important health public threat by 2030 ,
HCV treatment is nowadays recommended in almost
all infected patients, even those without significant
[27]
fibrosis . This, together with the high SVR rates and
the safety profile of DAAs, can change the history of
HCV infection and improve clinical outcomes namely
avoiding the development of portal hypertension
and its improvement in patients with patients with
established portal hypertension.
Liver fibrosis has also been shown to improve after
INF-free DAA treatments, based on serum fibrosis
[28,29]
[29,30]
biomarkers
and transient elastography
. SVR,
liver function and fibrosis are undoubtedly important
endpoints to assess the efficacy of HCV treatment,
although portal hypertension and its complications (i.e.,
liver decompensation and liver-related mortality) may
be more adequate to assess treatment effectiveness.
In fact, the knowledge of the impact of DAA treatments
in portal hypertension and cirrhosis complications may
influence patient management after achieving SVR.
Due to the novelty of DAA INF-free therapies (and
thus short follow up times) there are only few studies
assessing the effects of HCV novel treatments on
portal hypertension and clinical decompensation.
In patients successfully treated with DAAs, fibrosis
[31-33]
and MELD score were shown to improve
. The
decrease in necroinflammation along with fibrosis
improvement can decrease intrahepatic resistance
and thus portal pressure. In particular, improvement
of liver inflammation, aminotransferases and liver
function early during treatment can explain the rapid
decreases in HVPG and liver stiffness that were found
in some studies.
A well designed retrospective study conducted by the
Austrian group evaluated the changes in HVPG and liver
stiffness in 60 cirrhotic patients (84% Child A) treated
[34]
with various combinations of DAAs . SVR led to a
reduction in HVPG in 80% of the patients (mean HVPG
change -2.63 ± 0.38 mmHg, P < 0.001). Importantly,
in the subgroup of patients with clinically significant
portal hypertension (≥ 12 mmHg) at baseline, 63%
achieved a HVPG decrease ≥ 10% and a decrease >
20% or to < 12 mmHg was found in 51%, at a median
of 114 d after treatment. This beneficial effect was
found in all strata of HVPG, although portal hypertension
was less likely to improve in Child B patients. Liver
stiffness and platelet counts improvements were also
associated with SVR.
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CONCLUSION
The available evidence shows that HCV eradication
with both INF-based and DAA INF-free therapies can
improve liver fibrosis and portal hypertension. The
evidence of portal hypertension improvement with
DAAs is still scarce but consistent with a rapid and
significant improvement, which can also improve
clinically significant outcomes such as variceal bleeding.
However, data suggest that a point of no return exist,
encouraging early treatment before the development of
significant fibrosis and portal hypertension. DAA therapy,
with its extremely high efficacy and safety profile, have
an undoubtedly important role since it allows the cure
of almost all infected patients, preventing fibrosis and
portal hypertension and improving clinical outcomes.
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As we have seen, patients with established portal
hypertension can improve although for now there
are no data about the long term effects of DAAs. The
available evidence is mainly based on retrospective
studies with heterogeneous populations and endpoints
definitions. As randomized controlled trials with
active treatment and control groups are not ethically
acceptable at this time point, the best studies to
answer these unsolved questions are prospective
studies with well-defined inclusion and exclusion
criteria, well-defined clinically significant endpoints and
with long follow-up. We suggest that further studies
include patients along the spectrum of HCV infection
(from asymptomatic with minimal liver damage to
cirrhotic patients) with stratification according to
the stage of liver disease (ideally evaluated by noninvasive methods validated in HCV infection such as
elastography and non-invasive markers of fibrosis).
Additionally, the assessed endpoints should be clinically
significant and well defined (e.g., variceal enlargement
from small to large varices, de novo ascites, ence
phalopathy and hypersplenism) and follow-up should
be longer than 5 years to evaluate the true impact
of HCV treatment according to the stage of liver
damage. Data collection should include an adequate
characterization of disease stage at the beginning and
at the end of follow-up (including aminotransferases,
platelet count, ultrasound findings, liver stiffness,
presence of ascites, varices and encephalopathy).
These studies should then assess the treatment effects
according to the stage of liver disease and should
compare patients who achieve SVR with patients in
whom these endpoint is not achieved.
Future studies should also focus on predictors of
portal hypertension resolution since it can influence
management and avoid unnecessary monitoring in
the subset of patients with a very low probability
of having clinically significant portal hypertension
after treatment. Evaluation of molecular markers of
extracellular matrix and hepatic stellate cell remodeling
such as hyaluronic acid or alpha-2 macroglobulin may
also have an investigational interest to assess if they
can be a surrogate marker of the point of no return.
The role of pre-existing significant porto-systemic
shunts should also be evaluated.
Until the answers to these questions are available,
screening for varices is still recommended in cirrhotic
patients although recent Baveno VI consensus suggest
®
that patients with Fibroscan < 20 kPa and platelet count
[38]
above 150000/µL can avoid screening endoscopy .
In patients who undergo screening endoscopy and no
varices are found, a follow-up screening after 3 years
is still recommended if SVR was achieved and there
are no cofactors (a 2 year interval is advised if there is
ongoing liver injury).
Concerning patients with established portal
hypertension and varices before treatment, the effects
of SVR on variceal progression and on bleeding rates
are also still unknown and should be evaluated in
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future studies. For now, those with small varices who
achieved SVR and without cofactors should undergo
follow-up endoscopy in 2 years, while patients with
large varices should undergo primary prophylaxis and
[38]
adequate management . It should be also noticed
that HCC surveillance should be continued in patients
[27]
with F3 fibrosis or greater .
In conclusion, the development of portal hyper
tension can be prevented and it can be improved
in a significant proportion of patients as long as the
treatment is delivered in a timely manner, before the
point of no return. The long-term effects of DAAs on
portal hypertension are not completely established and
studies with longer follow-up are needed, but there is
evidence from studies of the pre-DAA era that show
significant benefits of SVR on portal hypertension,
encouraging early treatment before significant fibrosis
(F3/F4) and portal hypertension are established.
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In the last two decades, great efforts have been made
in the treatment of metastatic colorectal cancer (mCRC)
due to the approval of new target agents for cytotoxic
drugs. Unfortunately, a large percentage of patients
present with metastasis at the time of diagnosis or
relapse after a few months. The complex molecular
heterogeneity of this disease is not completely under
stood; to date, there is a lack of predictive biomarkers
that can be used to select subsets of patients who may
respond to target drugs. Only the RAS -mutation status
is used to predict resistance to anti-epidermal growth
factor receptor agents in patients with mCRC. In this
review, we describe approved targeted therapies for
the management of metastatic mCRC and discuss new
candidate targets on the horizon.

Author contributions: Martini G performed the research and
wrote the paper; Troiani T, Cardone C, Vitiello P, Sforza V,
Ciardiello D, Napolitano S, Della Corte C, Morgillo F, Raucci A,
Cuomo A, Selvaggi F, Ciardiello F and Martinelli E contributed
to the critical revision of the manuscript for important intellectual
content.
Conflict-of-interest statement: Authors have no conflict of
interest to declare.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Key words: Novel biomarkers; Monoclonal antibodies;
Resistance; Mutation; RAS; Target therapy; Metastatic
colorectal cancer

Manuscript source: Invited manuscript

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Correspondence to: Erika Martinelli, MD, PhD, Assistant

WJG|www.wjgnet.com

4675

July 14, 2017|Volume 23|Issue 26|

Martini G et al . New targets in mCRC
has identified a new biomarker that can be used to
select patients with high-risk stage Ⅱ colon cancer:
mismatch repair (MMR) deficiency. The main function
of the MMR system is to identify and repair the mis
matches that occur during DNA replication, which
ensures genomic conservation and stability. While
microsatellite instable (MSI) sporadic CRC constitutes
3%-15% of all CRCs, hereditary CRCs with a high
level of MSI (MSI-H) constitute approximately 3%-5%
of CRCs and arise exclusively in patients with Lynch
syndrome, often called hereditary non-polyposis CRC
[6]
(HNPCC) . Because MSI has been used to screen
for HNPCC, it has garnered increasing interest in the
setting of CRC. Moreover, patients with MSI-H stage
Ⅱ CRC have a better prognosis but derive minimal
benefit from 5-FU adjuvant treatment. However, the
addition of targeted therapy to a cytotoxic agent in the
adjuvant setting provides no benefit in terms of OS
[7,8]
and progression-free survival (PFS)
due to the low
level of neo-angiogenesis and a phenotypical difference
in these tumours, which leads to an epithelial to
mesenchymal transition that could explain the absence
of efficacy with the use of anti-EGFR antibodies.
Despite the good prognosis of early-stage CRC,
many patients relapse during or a few months after
the completion of treatment. Thus, better tools for
molecular selection and new biomarkers are undou
btedly needed.

Core tip: Colorectal cancer is a heterogeneous disease
characterized by several molecular alterations that
affect genes implicated in cancer development. The
discovery of novel biomarkers, together with a better
understand of the complex biology of the disease, is
essential to identify patients who will most likely benefit
from personalized treatment.
Martini G, Troiani T, Cardone C, Vitiello P, Sforza V, Ciardiello
D, Napolitano S, Della Corte CM, Morgillo F, Raucci A, Cuomo
A, Selvaggi F, Ciardiello F, Martinelli E. Present and future of
metastatic colorectal cancer treatment: A review of new candidate
targets. World J Gastroenterol 2017; 23(26): 4675-4688
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i26/4675.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
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INTRODUCTION
Colorectal cancer (CRC) is the third most-diagnosed
cancer in Europe and the United States, and 30% of
[1,2]
patients with CRC present with a metastatic disease .
In past decades, substantial progress has been made
in the development of new treatment options, which
have radically changed the median overall survival (OS)
of these patients. The mainstay of metastatic CRC
(mCRC) treatment remains the use of cytotoxic agents,
as well as irinotecan or oxaliplatin, which results in an
average survival of 18 mo when combined with 5-FU
and leucovorin or capecitabine (FOLFIRI/FOLFOX or
CAPIRI/CAPOX regimens). The addition of targeted
therapy has markedly improved the OS of patients with
[3]
mCRC, which ranges from 22 to 29 mo . Despite the
dramatic improvement in survival, after few months
of therapy with anti-epidermal growth factor receptor
(EGFR) and anti-vascular endothelial growth factor
(VEGFR) antibodies, mCRC patients stop responding
to treatment due to intrinsic and acquired resistance
[4]
to the targeted agents . Recent findings in molecular
biology and the ability to collect information from large
patient databases have improved our understanding of
the genetic evolution of this disease. Specifically, CRC
is a heterogeneous disease with different molecular
landscapes that reflect histopathological and clinical
information. Four different subgroups of CRC have
been identified, and each subgroup is associated with
different patient outcomes (Figure 1). In this review,
we summarise the currently approved treatments for
CRC and discuss new targets that are on the horizon.

METASTATIC SETTING
In recent decades, the approval of targeted therapy
in association with cytotoxic drugs has significantly
[9-13]
improved the OS of patients with mCRC
. Speci
fically, vascular endothelial growth factor (VEGF) - and
epidermal growth factor receptor (EGFR) - targeting
monoclonal antibodies (mAbs) have become integral
components of the first-line treatment strategies for
mCRC. Moreover, the Food and Drug Administration
(FDA) and the European Medicine Agency (EMA) have
approved targeted therapies for mCRC in recent years
such as the EGFR mAbs cetuximab and panitumumab
for use in patients with RAS wild-type tumours; for
RAS mutant disease, the VEGF mAb bevacizumab, the
anti-VEGF receptor 2 (VEGFR2) mAb ramucirumab, the
recombinant fusion protein zivaflibercept, and the oral
multikinase inhibitor regorafenib have been approved
and are discussed below.
Anti-EGFR antibodies such as aflibercept [a decoy
receptor for VEGF-A, VEGF-B and placental growth
factor (PIGF)] and ramucirumab (an antibody against
VEGFR-2) are effective as monotherapy in previously
treated patients and in combination with chemotherapy
in the second-line setting, and regorafenib (a multi
kinase inhibitor) is effective as monotherapy in the
[14]
refractory setting .

ADJUVANT SETTING
The use of adjuvant chemotherapy with 5-FU-based
regimens is considered the standard of care for stage
Ⅲ and stage Ⅱ high-risk CRC and benefits these
[5]
categories of patients . Moreover, the recent CRC
classification, based on distinct molecular phenotypes,
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Bevacizumab is associated with specific class-related
side effects, e.g., hypertension, proteinuria, arterial
thrombosis, mucosal bleeding, gastrointestinal per
foration and wound-healing problems but does not
[2]
increase chemotherapy-related side effects .
Ziv-aflibercept is a fusion protein that consists of
the human extracellular VEGFR domains fused to the
Fc portion of human immunoglobulin G1 and work as
a trap VEGF-A, VEGF-B and PIGF.
A large phase Ⅲ trial investigating the activity
of aflibercept in combination with FOLFIRI found a
significant improvement in OS over FOLFIRI combined
with placebo in patients with mCRC previously treated
[22]
with an oxaliplatin-based regimen
(HR = 0.817,
95%CI: 0.713-0.937, P = 0.0032), with median
survival times of 13.50 and 12.06 mo, respectively.
Efficacy was maintained with a similar safety profile.
Therefore, aflibercept was approved by the EMA after
oxaliplatin-based therapy in combination with FOLFIRI.
Ramucirumab (IMC-1121B) is a fully humanized
IgG-1 mAb that binds with high affinity to the
extracellular VEGF-binding domain of VEGFR-2
and blocks VEGF ligands from binding this site and
activating the receptor. The inhibition of VEGFstimulated VEGFR-2 activation endows ramu
cirumab significant antitumour activity in a range of
malignancies in in vivo models as a single agent or in
combination with other drugs. Based on the RAISE
trial, which enrolled 1072 patients (536 in each group)
and randomized them to receive either ramucirumab
or placebo, the EMA and FDA approved ramucirumab
in the second-line setting for patients whose disease
has progressed on first-line bevacizumab-, oxaliplatin[23]
and fluoropyrimidine-containing regimens . The
median OS, i.e., the primary endpoint, was 13.3 mo
(95%CI: 12.4-14.5) for patients in the ramucirumab
group vs 11.7 mo (10.8-12.7) for the placebo group
(HR = 0.844, 95%CI: 0.730-0.976; log-rank P =
0.0219). PFS was significantly improved in patients
who received the combination compared to placebo
(median PFS 5.7 vs 4.5 mo, HR = 0.79, 95%CI: 0.700.90, P < 0.001).

Consensus molecular subtypes

CMS1, 17%
CMS4, 28%

CMS3, 11%

CMS2, 44%

CMS1: MSI, immune,
serrated, CIMP high, BRAF
mutations
CMS2: SCNA high,
canonical, tubular, APC
mutations
CMS3: SCNA low, CIMP
low, metabolic KRAS
mutations
CMS4: Mesenchimal,
serrated, SCNA high, TGF-β
activation

Figure 1 Colorectal cancer consensus gene expression-based subtypes[83].
CIMP: CpG island methylator phenotype; MSI: Microsatellite instability;
SCNA: Somatic copy number alterations; BRAF: B-Raf proto-oncogene,
serine/threonine kinase; KRAS: Kirsten rat sarcoma viral oncogene; TGF:
Transforming growth factor; APC: Adenomatous polyposis coli.
[14]

has been considered a fundamental step in mCRC .
The deregulation of the VEGF receptor, its cognate
cytokines and receptors as well as platelet-derived
growth factor receptor has been established to be
associated with tumour progression and metastatic
[14,15]
spread in vitro and in vivo
. To date, the United States
FDA and the EMA have approved 3 anti-VEGF agents for
the treatment of mCRC.
Bevacizumab is an IgG-1 mAb with a high affinity
for soluble VEGF-A that has been tested in early
[16]
phaseⅠand Ⅱ trials
and subsequently investigated
in phase Ⅲ randomised trials. As a first-line treatment
for mCRC in combination with 5-FU/LV/irinotecan or
oxaliplatin, bevacizumab has been shown to increase
[17]
PFS and the response rate (RR) .
A recent trial that reported one of the longest
survival periods to date investigated the use of the
combination of FOLFOXIRI and bevacizumab as a firstline strategy, which resulted in better PFS and RR than
[18]
FOLFIRI plus bevacizumab .
An Eastern Cooperative Oncology Group study
(E3200) showed that the median survival for patients
treated with FOLFOX4 and bevacizumab was 12.9
mo, whereas that of patients treated with FOLFOX4 or
bevacizumab was 10.8 (HR = 0.75, P < 0.001) and
[19]
10.2 mo, respectively, in the second-line setting .
The use of bevacizumab as a maintenance treatment
in patients who responded to treatment or present
with stable disease upon induction therapy is contro
versial; however, in the AIO0207 trial, although noninferiority for bevacizumab alone was demonstrated,
the association of bevacizumab with capecitabine,
compared to bevacizumab alone, may be the preferable
[20]
option . Furthermore, the CAIRO3 study showed
that initial treatment with capecitabine, oxaliplatin,
and bevacizumab (CAPOX-B) and continued with
capecitabine and bevacizumab maintenance therapy
provided a PFS benefit without compromising quality
[21]
of life in patients compared with observation alone .
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Anti-EGFR drugs

The EGFR signalling pathway has been identified as a
major driver of the development and progression of
[24,25]
CRC
.
Several ligands, such as EGF, amphiregulin, or
epiregulin, bind specific extracellular domains of the
EGFR, which activates an intracellular signalling
cascade via different signalling pathways. The mitogenactivated protein kinase (MAPK) pathway, comprising
RAS-RAF-MEK-ERK and the PI3K-AKT- (PTEN)-mTOR
pathway are the main downstream effectors of EGFR
implicated in different processes, such as cancer
initiation, invasion, angiogenesis, inhibition of apoptosis
[24,25]
and metastasis
. Therefore, EGFR is considered
one of the most important targets in CRC treatment.
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The anti-EGFR antibodies cetuximab (an IgG1
recombinant human/mouse chimeric anti-EGFR mAb)
and panitumumab (an IgG2κ recombinant, fully
human anti-EGFR mAb) have been investigated in
several phase Ⅲ clinical trials and showed efficacy
in terms of PFS, OS, RR, and quality of life among
[26,27]
different lines of treatment
. These antibodies have
been shown to prolong survival in patients with mCRC
when introduced as monotherapy or in combination
[10]
with irinotecan in a refractory population .
Despite the demonstrated strong benefit, cetuximab
and panitumumab achieved a RR of only 10% when
[17]
used in unselected patients . This result is in con
cordance with the presence of genetic alterations
in EGFR, in the downstream proteins of the EGFR
pathway or in other receptor tyrosine kinases (RTKs)
that cause resistance to these anti-EGFR antibodies, a
[28]
phenomenon called primary or intrinsic resistance .
Moreover, genetic alterations induced by blocking
EGFR cause the positive selection of independent
clones or treatment-induced mutagenesis and result
in tumour-intrinsic genomic instability that is related
to the development of an acquired or secondary
resistance to anti-EGFR therapy, emerging at treat
[29]
ment failure . Furthermore, the overall scenario is
complicated by the coexistence of different molecular
alterations in distinct tumour lesions (inter-metastases
heterogeneity) or within different regions of the same
[30]
lesion (intratumour heterogeneity) .
In the era of “personalized treatment” both clinical
and molecular data have shown that patients with
metastatic CRC have a heterogeneous prognosis
and response to treatment. Unfortunately, the com
plex molecular landscape of the tumour remains
incompletely understood, and predictive biomarkers to
select patients who may benefit from target drugs are
lacking.

involved in resistance to anti-EGFR therapy and help
to determine a more appropriate patients’ selection.
Specifically, the presence of other mutations in KRAS
(exon 3, codons 59/61 and exon 4, codons 117/146)
and NRAS (exon 2, 3 and 4) correlates with a loss of
efficacy of anti-EGFR antibodies, and retrospective and
prospective trials have underlined the importance of
a selection of patients based on RAS status. Notably,
a retrospective analysis of the PRIME trial assessed
the “expanded RAS” (KRAS and NRAS) status and
demonstrated the efficacy of the panitumumab plus
FOLFOX4 regimen in terms of the objective RR (ORR),
PFS and OS compared with chemotherapy alone as
[13]
a first-line treatment for RAS WT mCRC . In other
phase Ⅱ and phase Ⅲ trial analyses, the range of
mutated patients changed from almost 15% (exon 2
[33-36]
KRAS mutation) to 53% (all RAS)
, showing that
this population is refractory to anti-EGFR therapy.
Results from a study published by our group, the
phase Ⅱ CAPRI trial, demonstrated that patients with
mCRC continued to benefit from cetuximab, even
after they became refractory to FOLFIRI backbone
[37]
chemotherapy . After progression on a first-line
treatment consisting of FOLFIRI plus cetuximab,
patients were randomized to receive FOLFOX alone or
in combination with cetuximab. The addition of cetuximab
improved PFS when patients were appropriately selected
for extended RAS assessment as well as two other
potential biomarkers, B-Raf proto-oncogene, serine/
threonine kinase (BRAF) and Phosphatidylinositol4,5-Biphosphate-3-Kinase Catalytic Subunit Alpha
(PIK3CA). The results from this trial confirmed the lack
of efficacy of cetuximab in the subgroup of patients
[37]
with KRAS and NRAS mutations
and suggest that
continuing cetuximab treatment in combination with
chemotherapy is effective in patients who have been
molecularly selected. However, these results should be
validated in randomized phase Ⅲ trials.
The results emerging from the FIRE 3 trial under
score the importance of expanded RAS mutational
analysis in the selection of patients. Previously, un
treated patients with KRAS exon 2 wild-type mCRC
were randomized to receive FOLFIRI with either
cetuximab or bevacizumab. The trial showed EGFR
molecular antibodies were superior in the RAS WT
population in terms of OS, RR, depth of response and
early tumour shrinkage, whereas the initial results of
this study did not demonstrate a statistical significant
[38]
difference in terms of PFS or ORR .
Furthermore, a systematic review and metaanalysis of nine randomized, controlled trials evaluating
EGFR antibody therapy in all lines of mCRC treatment
[31]
confirmed these observations . Specifically, the
analysis showed that patients with tumours without
RAS mutations had a significantly better treatment
outcome with EGFR mAb therapy than patients whose
tumours harboured RAS mutations.
Taken together, these results highlight the impor
tant role of the RAS status as a predictive biomarker in

Predictive value of RAS

The RAS gene is often mutated in mCRC, and the most
common of these mutations is Kirsten rat sarcoma
viral oncogene (KRAS). The KRAS gene is mutated
in approximately 40% of CRCs; specifically, somatic
single-nucleotide point mutations occur in codons 12
and 13 of exon 2 of the KRAS gene and in a small
percentage in codons 61 and leading to a constitutively
[31]
activation of the MAPK pathway . Because cetuximab
and panitumumab demonstrated a lack of benefit
when used as monotherapies for patients with
chemorefractory mCRC, researchers investigate
the negative impacts of these drugs. Retrospective
analyses from randomized controlled trials established
that these mutations can predict resistance to antiEGFR mAb treatment in mCRC. Therefore, the EMA
and FDA initially only approved cetuximab and
panitumumab for the treatment of patients with KRAS
[32]
exon 2 wild-type tumours .
In recent years, several biomarkers in addition
to KRAS exon 2 mutations were identified to be

WJG|www.wjgnet.com

4678

July 14, 2017|Volume 23|Issue 26|

Martini G et al . New targets in mCRC
the management of CRC. Therefore, the EMA and FDA
restricted the indication of cetuximab and panitumumab
[34,35]
to “all RAS WT” CRC patients in 2013
.
Not all KRAS mutations are considered equal
[39]
in giving resistance to anti-EGFR therapies . For
instance, retrospective analyses from a phase Ⅲ trial
and preclinical data demonstrated that the presence
of a KRAS G13D mutation allows mCRC patients to
respond to cetuximab in both first-line and advanced
[40,41]
settings
. Two phase Ⅱ trials investigated the
prospective role of KRAS G13D mutation in response
to cetuximab. Neither the first one, conducted from
[42]
[43]
Schirripa et al
and Segelov et al
or the ICECREAM trial observed any response among the treated
patients, with cetuximab therapy.
Finally, KRAS is amplified in a small percentage
of tumours, and this amplification is considered to be
[44]
responsible for both primary and acquired resistance .

Such effector is represented by BRAF, a serine/
threonine protein kinase that is mutated in 12%
[49]
V600E
-15% of patients with mCRC . A BRAF
point
mutation is the most common alteration and
believed to be mutually exclusive with KRAS exon 2
mutations. Nevertheless, data from the CAPRI trial
show concurrent other molecular alterations, such
as TP53, KRAS and PI3KCA exon 9 and exon 20
[50,51]
alterations, in 12 of 15 BRAF-mutated samples
.
V600E
The BRAF
encodes a constitutively active protein,
which would account for the lack of blocking EGFR
with cetuximab or panitumumab. Accordingly, several
clinical trials have highlighted the poor prognostic
role of the BRAF mutation in patients with mCRC.
[52]
For example, Prahallad et al
reported a median
OS for patients with BRAF-mutant mCRC of 10.4
mo, compared with 34.7 mo for patients with BRAF
WT tumours. Furthermore, a retrospective analysis
showed that two-thirds of BRAF-mutant tumours are
located on the right side of the colon and associated
with a major incidence of peritoneal disease and
distant lymph node involvement. Moreover, a sizeable
body of literature established the poor prognostic
V600E
role of the BRAF
mutation, which is associated
[53,54]
with increased colon cancer mortality
, but its
value as a predictive biomarker remains uncertain
due to the absence of prospective trials. In a subset
V600E
analysis of the PRIME trial, the BRAF
mutation
indicates any prediction of benefit for the addition
of panitumumab to FOLFOX in the first-line setting
of mCRC. In addition, data from the MRC COIN trial
showed that cetuximab was detrimental in patients
V600E
[13]
with the BRAF
mutation . A recent meta-analysis
of phase Ⅲ trials confirmed this lack of benefit of
mAbs in addition to doublet chemotherapy in terms of
[55]
OS, PFS and ORR . However, standard therapeutic
options for this subgroup of patients are limited.
Results derived from a subgroup analysis of the
V600E
TRIBE trial of 28 patients with the BRAF
mutation
indicated that patients are more likely to respond to an
aggressive initial treatment that combines FOLFOXIRI
(fluorouracil, leucovorin, oxaliplatin and irinotecan) and
bevacizumab (median OS 19.1 mo vs 10.8 mo for the
FOLFIRI and bevacizumab group), with a hazard ratio
for progression of 0.55 in favour of the combination.
Given the impressive results obtained in metastatic
melanoma, vemurafenib and dabrafenib have been
V600E
[56,57]
investigated in BRAF
-mutated mCRC
. In a
phase Ⅱ trial, vemurafenib was tested in previously
treated patients with mCRC; unfortunately, the benefit
in terms of RR was only 5% compared with the strong
[58]
clinical activity demonstrated in melanoma tumours .
Moreover, in vitro experiments showed that mCRC
cells do not respond to vemurafenib due to the per
sistent activation of the EGFR and the consequent
dimerization of BRAF, which suggests that the EGFR
signal should be blocked downstream. Current studies
are focusing on the dual blockade of BRAF and EGFR
[59]
or the downstream pathway . According to initial

New drugs targeting RAS

One of the most common approaches to inhibiting RAS
has been the identification of downstream effectors,
as well as MEK and PIK3CA. MAPK-ERK pathway is a
convergence point where several upstream signalling
pathways can be blocked. Specifically, the combination
of trametinib (anti-MEK) and palbociclib (anti-CDK4/6)
was investigated as a novel treatment approach in
a xenograft model derived from patients with KRASmutant CRC, and the resulting data showed that this
treatment was well tolerated and highly efficacious.
Nevertheless, a clinical evaluation is necessary to
[45,46]
confirm these preclinical data
.
®
Reovirus Serotype 3 - Dearing Strain (Reolysin ,
Oncolytics Biotech Inc., Calgary, AB, Canada) is a
naturally occurring, ubiquitous, non-enveloped human
reovirus that can replicate in RAS-transformed cells
to cause cell lysis, and its role has been investigated
in targeting KRAS in mCRC. Specifically, a multicentre
phaseⅠ study testing Reolysin in combination with
FOLFIRI and bevacizumab in FOLFIRI-naive patients
with KRAS mCRC is on-going (ClinicalTrials.gov Iden
[47]
tifier: NCT01274624) .

Other biomarkers of resistance

The identification of genetic determinants of primary
resistance to anti-EGFR therapies in CRC, in particular
the activation of an alternative pathway, which can
bypass EGFR blockade, is important to identify patients
[48]
who should not be treated with EGFR mAbs . Beyond
RAS, additional mechanisms of intrinsic resistance
have been identified.

BRAF

Despite the recognition of KRAS/NRAS mutations
as predictors of a lack of response to anti-EGFR
antibodies, a considerable percentage of WT RAS
CRC tumours do not respond to the appropriately
selected targeted therapy, which may be due to a
downstream effector of the KRAS/NRAS pathway.
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[32]

results, combining the BRAF inhibitor vemurafenib
with the EGFR inhibitor panitumumab has been safe,
but response has been modest. Nevertheless, ERK
inhibitors, which are thought to suppress MAPK activity
and overcome resistance to RAF inhibitors, may
constitute a treatment strategy.
In this regard, the combination of anti-EGFR
antibodies, BRAF inhibitors and MEK inhibitors has
recently been investigated and is producing very
[57]
interesting results .
Patients with metastatic CRC and tumours
V600E
harbouring the BRAF
mutation who received
triple therapy with dabrafenib (Tafinlar), trametinib
(Mekinist), and panitumumab (Vectibix) showed
an improved best overall response and prolonged
progression-free survival compared to patients who
received panitumumab plus either dabrafenib or
trametinib, according to results reported by Van
[60]
Cutsem et al
at the 2016 European Society for
Medical Oncology (ESMO) Congress in Copenhagen
(Abstract 455O). Based on preclinical evidence
showing that the addition of irinotecan to vemura
fenib and cetuximab reduced tumour size, improved
response rate and prolonged OS in xenograft models
V600E
[61]
of BRAF
metastatic CRC (Yang et al ), a phase
Ⅱ study of irinotecan and cetuximab with or without
vemurafenib in BRAF mCRC is currently recruiting
[62]
patients . Specifically, the trial investigates the
activity of vemurafenib plus cetuximab and irinotecan
compared to cetuximab plus irinotecan in patients with
V600E
the BRAF
mutation. The triplet had an acceptable
toxicity profile and may be effective for patients with
V600E
the BRAF
mutation, but the need for a novel
therapeutic agent remains.

9 mutations in cetuximab resistance . PIK3CA
mutations have also been identified as mechanisms
of secondary resistance in samples from patients who
[67]
relapse after treatment with EGFR-targeting mAbs .
With respect to the role of PIK3CA mutations as a
prognostic biomarker, colon cancerspecific mortality
is increased in patients with PIK3CAmutated tumours
compared with patients with WT tumours, even if the
worse prognosis in WT tumours is associated with both
[68]
the presence of exon 9 and exon 20 mutations .
The PIK3CA signalling pathway may also be
activated by the loss of PTEN, which is found in 30%
of CRCs and associated with a lack of objective tumour
response and worse OS in patients with KRAS WT
[69]
tumours treated with a cetuximabbased regimen .
Nevertheless, the PTEN expression status does not
affect clinical practice since its role as a predictive
biomarker remains under investigation.
Several studies have investigated the predictive
and prognostic roles of PTEN loss; PTEN encodes
a phosphatase that is involved in the regulation of
the intra-cellular levels of phosphatidylinositol-3, 4,
5-trisphosphate and acts as a tumour suppressor
by negatively regulating the AKT/PKB signalling
[70]
pathway . PTEN loss in CRC can occur via several
genetic and epigenetic mechanisms, such as mutations,
promoter hypermethylation or 10q23 LOH and
promoter hypermethylation, which leads to subsequent
AKT hyperphosphorylation and inhibits apoptosis.
Several studies have investigated the predictive and
prognostic role of PTEN loss; however, data on the
concordance rate of PTEN expression on primary
tumours and matched metastases are controversial.
[71]
Mao et al
conducted a meta-analysis of eight
studies to investigate the role of PTEN expression in
CRC. In all studies, PTEN status was detected using
immunohistochemistry (IHC) due to the multiple genetic
and epigenetic mechanisms leading to a lack of protein
[72]
function. In one study included in the meta-analysis ,
PTEN expression was analysed in 45 pairs of primary
tumours and related metastases. The level of con
cordance reported was 60%, suggesting that PTEN
loss contributes to tumour heterogeneity by anti-EGFR
treatment pressure. Conversely, a more recent study
conducted on 70 matched specimens found a high
concordance rate of PTEN expression between primary
[73]
tumours and liver metastases (98%) . However, a
large prospective trial should be conducted to confirm
the emerging predictive value of PTEN loss using a
validated scoring system for IHC.
New potential treatments that were recently
investigated include the combination of the mTOR
inhibitor everolimus with panitumumab and irinotecan
[74]
as a first-line regimen for mCRC . Notably, preli
minary results derived from the use of lowdose aspirin
in patients with PIK3CAmutant tumours indicated
a benefit in survival due aspirin mediated COX2
inhibition. However, this observation requires further
[75]
clinical evaluation .

PI3KCA

In addition to NRAS/KRAS and BRAF mutations,
other predictive biomarkers also indicate resistance to
[63]
cetuximab/panitumumab . For example, PIK3CA/AKT/
mTOR signalling pathway is associated with several
RTKs, including EGFR. Approximately 10%-20% of
CRCs harbour activating mutations of PIK3CA, which
primarily occur in exons 9 and 20 and are respon
[64,65]
sible of lack of response to anti-EGFR therapy
.
Accordingly, a retrospective analysis of 110 patients
with mCRC treated with mAbs demonstrated the
correlation between PI3KCA mutations and resistance
to treatment with cetuximab or panitumumab in the
[66]
subset of KRAS WT tumours .
The precise predictive role of PI3KCA mutations is
not clear due to the concomitant presence of KRAS
or BRAF mutations and their low incidence, especially
exon 20 mutations. However, a large retrospective
analysis of 1022 tumour samples of patients treated
with cetuximab yielded two main results: only PIK3CA
exon 20 mutations predict of a lack of response to
cetuximab in the KRAS WT subpopulation; PIK3CA
exon 9 mutations and KRAS mutations were asso
ciated, suggesting a secondary role of PIK3CA exon
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Human epidermal growth factor receptor 2/human
epidermal growth factor receptor 3

may also confer resistance to anti-EGFR treatment.
Furthermore, a collection of tumour samples and plasma
from patients with acquired resistance to cetuximab
demonstrated an increased percentage of HER2 ampli
fication accompanied by higher levels of heregulin in
treated patients compared with pretreatment tumour
[79]
cells . This result corroborates the assumption that a
specific driver of primary resistance to anti-EGFR drugs
may be implicated in secondary resistance, leading to
the constitutive activation of the ERK-MEK pathway.
Furthermore, these results underscore that CRC is a
complex heterogeneous disease in which the evolution
of single clones present at the beginning of treatment
confers resistance in more advanced settings of therapy.
HER3, which is mutated in 11% of patients with
CRC, may also be a marker of resistance and may limit
the responsiveness to EGFR inhibitors, even if HER2 is
[80]
not amplified . Moreover, the overexpression of HER3
was associated with a shorter PFS and OS in a subset
of patients with metastatic CRC treated with irinotecan
[81]
and cetuximab as second- or third-line therapy .
Moreover, MEHD7945A, a humanized IgG1 mAb
with dual anti-HER3/EGFR activity, had a superior
activity to monoclonal EGFR targeting agents in multiple
[82]
xenograft models .
Despite the promising results derived from a
phaseⅠ study of patients with pretreated mCRC, a
phase Ⅱ randomized trial of MEHD7945A + FOLFIRI
vs cetuximab + FOLFIRI did not demonstrate the
superiority of the experimental arm in patients with
[83]
KRAS WT mCRC refractory to oxaliplatin .
Regarding secondary resistance, more than a
molecular driver resulted implicated and RAS mutations
are the most frequent, with a range of 50%-80%
of patients. For instance, mutations that sustain the
mechanism of primary resistance can also be validated
as mechanisms of acquired resistance, as described
[29]
above . Genetic alterations were found in the EGFR
receptor, preventing the mAb binding, in the down
stream effector as well as BRAF, PI3KCA, loss of PTEN
expression and in the activation of parallel pathways
such as amplification of HER2, MET; all of these are
components of EGFR signalling transduction pathway
or interact with.

Human epidermal growth factor receptor 2 (HER2) is
an oncogenic driver and member of the ERBbB family,
which is targeted by trastuzumab antibody in breast
[4]
and gastric cancer treatment . The activation of this
receptor requires heterodimerisation with other ligand
bound receptors of the same family because of the
absence of known HER2 ligands. The heterodimer
HER2-HER3 represents a powerful activator of intra
[76]
cellular signalling .
HER2 has been proposed as a target in CRC due to
studies of RAS/BRAF wild-type and cetuximab-resistant
CRC xenograft models. In the study conducted by
[77]
Bertotti et al
the amplification of the HER2 gene
was recognised as a potential mechanism of primary
resistance to cetuximab in a quadruple WT population
(KRAS, NRAS, BRAF, and PIK3CA wild-type).
The authors only observed HER2 amplification in a
small percentage (2%-3%) of genetically unselected
patients with CRC. This proportion increased when
considering KRAS WT patients who are resistant to
cetuximab, ranging from 13.6%-36% in the quadruple
WT population. To examine the value of HER2 as
a positive predictive biomarker, they performed a
multi-arm xenotrial using lapatinib, a dual EGFR/
HER2 small-molecule inhibitor, and cetuximab or
pertuzumab, a mAb directed against the EGFR/HER2
heterodimer. The association resulted active in the
subset of cetuximab resistant, quadruple WT HER2amplified metastatic CRC xenopatients, with achievable
implications in the clinical setting. Based on these
preclinical results, Siena and colleagues conducted an
Italian, phase Ⅱ, proof-of-concept clinical trial assessing
the RR of trastuzumab combined with either lapatinib
(cohort A) or pertuzumab (cohort B) in KRAS exon 2
(codons 12 and 13) WT and HER2 amplified mCRC
patients resistant to standard therapies, including anti
[78]
EGFRs . The results from cohort A have been recently
published, and approximately 5% (48 of 914 patients
screened) tumours were found to be HER2 positive.
Of the 27 patients enrolled, eight (30%, 95%CI:
14-50) achieved an overall objective response, and
the median duration of the response was 38 wk. The
median PFS was 21 wk (95%CI: 16-32), whereas the
median OS calculated post hoc was 46 wk (95%CI:
33-68). Notably, responses were significantly more
common in tumours with a high HER2 gene copy
number, and the PFS was longer in this population. The
combination exhibited a good safety profile, with most
toxic effects being grade 1 or 2. To date, HER2 is the
first druggable target in mCRC that is a good predictor
[79]
of response to targeted treatments . However,
further investigations are needed in earlier lines of
therapy, combining treatment with the inhibition of
EGFR and HER2-4.
The amplification of HER2 is not the only molecular
alteration that can hyperactivate the HER2 receptor.
The overproduction of Heregulin, a HER3 ligand,
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S492R and other EGFR mutations

Mutations in the extracellular domain of EGFR contribute
to secondary resistance to cetuximab. Specifically,
[84]
Montagut et al
identified a missense mutation in
codon 492 (S492R) that appeared to hinder cetuximab
binding. This allele has never been identified in pre
viously treated tumour samples, which suggests that
this alteration is an exclusive marker of secondary
resistance. S492R clones continue to respond to
panitumumab, which binds a different epitope, and
this finding may be translated to the clinic. Specifically,
the researchers reported that one patient with the
EGFR S492R mutation, whose disease progressed
after an initial response to cetuximab, achieved an
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initial objective response of five months when treated
with panitumumab. However, no further analyses were
conducted. Furthermore, new mutations in the EGFR
extracellular domain (ECD) were identified in two
patients with acquired resistance to cetuximab: R451C
and K467T. Tumour samples of 37 patients with mCRC
treated or not with cetuximab were analysed, which
revealed that these alterations allowed panitumumab
[67]
binding to a different epitope of the EGFR ECD .
The development of new biological techniques
has facilitated the identification of new targets in the
setting of acquired resistance. For example, analyses
of tumour ctDNA in plasma samples collected before
and after treatment represent a complete picture of
molecular changes in a patient’s tumour. Notably,
[85]
Bettegowda et al
described mutations in cell-free
DNA, such as codons 714 and 794 of the EGFR kinase
domain.
The development of new mAbs directed against
different epitopes of the ECD of EGFR may be able to
overcome resistance to EGFR blockade.
Sym004, which is a new drug composed by a
mixture of two recombinant human mouse antibodies
that bind non-overlapping epitopes of domain Ⅲ of
the EGFR, induces rapid receptor internalization and
[67]
degradation via EGFR cross-linking . The binding
region of Sym004 differs from cetuximab and allows
the drug to also be used in the presence of mutations
in the ECD of the EGFR. The efficacy of this new drug
is under investigation in a phase Ⅱ trial as single agent
in selected patients with KRAS WT CRC progressing on
previous cetuximab- or panitumumabbased therapy
[86-88]
within 6 mo of trial enrolment
.
MM151 is a mixture of three fully human mono
clonal IgG1 antibodies directed towards three different,
non-overlapping epitopes of the EGFR, and the
activity of MM151 has been demonstrated in preclinical
models. Specifically, it improved EGFR pathway in
hibition and downstream signalling and enhanced the
downregulation of the EGFR and stimulation of the
[89]
innate immune responses . Notably, MM151 targets
regions of the EGFR distinct from those affected by
ECD mutations. Based on these preclinical studies, the
efficacy of MM151 was explored in the clinical setting,
and current phaseⅠresults show an acceptable safety
profile and objective clinical activity in refractory
patients with cancer, including those failing cetuximab
[90]
therapy .

non-small-cell lung cancer, renal-cell carcinoma, bladder
[91-93]
cancer, and Hodgkin’s lymphoma
. Moreover, the
expression of PD-1 ligands (PD-L1 or PD-L2) on the
surface of tumour cells or immune cells is an important
predictive biomarker of response to PD-1 blockade.
Unfortunately, CRC seems to present different mole
cular features, and the rate of response to PD-1
blockade is very low (1 of 33 patients treated), unlike
[91]
in other malignancies .
Because MMR occurs in a small fraction of advanced
CRCs and is associated with a prominent lymphocyte
infiltrate and a large number of somatic mutations
that can be recognized by the patient’s own immune
system, researchers hypothesized that mismatch
repair-deficient tumours are more responsive to PD-1
[94]
blockade than mismatch repair-proficient tumours .
[94]
To this end, Le et al
conducted a phase Ⅱ study of
Pembrolizumab (a humanized anti-PD-1 antibody) in
a treatment-refractory stage Ⅳ CRC population. The
immune-related objective response rate and immunerelated PFS rate were 40% (4 of 10 patients) and 78%
(7 of 9 patients) for MSI-H CRCs and 0% (0 of 18
patients) and 11% (2 of 18 patients) for microsatellite
stable/proficient MSS CRCs, respectively. Only 1 of
10 patients with MSI-H CRC experienced disease
progression, as compared to 11/18 MSS CRC patients.
This study provides strong support for MSI testing
in advanced CRC. Furthermore, the Checkmate-142
trial investigated the activity of nivolumab (anti-PD-1)
as a single agent or in combination with ipilimumab
(anti-cytotoxic T-Lymphocyte Antigen 4) in the same
subset of patients with mCRC, MSI-H and non-MSI-H,
and interim results were presented at the ESMO
congress in 2016, which demonstrated an encouraging
[95]
advantage and tolerable safety profile .
Further research is needed to enhance susceptibility
of MSS CRCs to immune checkpoint inhibitors. To this
[96]
end, a phase IB trial presented by Bendell et al
at the ASCO meeting in 2016 attempted to identify
treatments for this subset of patients with MSS
disease. Considering the low activity of atezolizumab
monotherapy (an engineered antibody that inhibits
PD-L1 from binding with its receptors PD-1 and B7.1)
in mCRC, MEK-blocking agents have been associated
to immune checkpoint inhibitors because they can
induce intratumoural T-cell infiltration and enhance
PD-L1 activity, as confirmed in a preclinical setting.
Cobimetinib plus atezolizumab was well tolerated at
the maximum-administered dose in patients with
chemorefractory KRAS-mutant mCRC. The com
bination resulted in a higher clinical response rate in
patients with MSS disease than that expected from
either cobimetinib or atezolizumab alone. Furthermore,
the use of the combination guaranteed an ORR of
17% and a 6-mo OS of 72%, leading to an expansion
of the phase IB trial. A phase Ⅲ trial testing the
combination of cobimetinib plus atezolizumab vs atezo
lizumab alone or regorafenib alone in patients with
unresectable locally advanced or metastatic CRC is

FUTURE DIRECTIONS
Immunotherapy

In recent years, cancer immunology has been con
sidered one of the most interesting fields, with
substantial results obtained in the treatment of many
tumours. For example, blocking the programmed death
1 (PD-1) pathway with antibodies to PD-1 or its ligands
has led to remarkable clinical responses in patients
with different types of cancer, including melanomas,

WJG|www.wjgnet.com

4682

July 14, 2017|Volume 23|Issue 26|

Martini G et al . New targets in mCRC
Table 1 Baseline cancer biomarkers shown in preliminary analysis of the Screening Patients for Efficient Clinical Trial Access in
advanced colorectal cancer’s molecular screening platform
KRAS WT
151 of 284 patients (53%)
NRAS mutated (KRAS WT)
14 patients (4.9%); 6 patients in exon 2 and 8
patients in exon 3

KRAS exon 2 mutated

KRAS exon 3 and exon 4 mutated

114 patients in exon 2 (40%)
PI3KCA
41 patients (15%), 13 in exon 20 and 28 in
exon 9

8 patients in exon 3 (3%), 11 patients in exon 4 (4%)
BRAF
18 patients in exon 15 (7%)

KRAS: Kirsten rat sarcoma viral oncogene; BRAF: B-Raf proto-oncogene, serine/threonine kinase.

[97]

under investigation .
[97]
Furthermore, a study by Ahn et al
presented
at the ESMO congress in 2016 defines a subset of
patients with stage Ⅱ/Ⅲ CRC who harbour a mutation
in the DNA polymerase epsilon (POLE) gene and have
a better prognosis. These results may be explained by
increased immune activity in POLE-mutant tumours,
+
including increased CD8 lymphocyte infiltration, the
expression of cytotoxic T cell markers, and effector
cytokines, which is similar to that observed MSI cancers.
Although uncommon and found in only 66 of 6448
(1.0%) CRC samples, POLE mutations were significantly
associated with several patient and tumour factors,
including young age, male sex, right-sided location,
early disease stage, and the absence of mismatch repair
[97]
deficiency (P ≤ 0.003 for all associations) .
Notably, a multivariable analysis revealed a sta
tistically significant association between the POLE
mutation and a greatly reduced risk of disease
recurrence: HR = 0.34, 95%CI: 0.11-0.76 (P = 0.006).
This reduced risk was particularly strong in stage II
disease and when associated with MSI-H, an accepted
[98]
biomarker of favourable prognosis in this setting .

trial for their particular cancer type. Efficient, GCPconforming and quality-assured molecular screening
to identify potential study patients is one of the major
challenges for targeted drug development.
The European Organisation for Research and
Treatment of Cancer built a collaborative molecular
screening platform, Screening Patients for Efficient
Clinical Trial Access in advanced CRC’s (SPECTAcolor),
which provides the necessary infrastructure to screen
adult patients with advanced-stage CRC for mutations
in CRC biomarkers. SPECTAcolor’s successful start
has demonstrated its ability to facilitate next-genera
tion cancer clinical trials across 19 clinical centres by
recruiting over 500 patients, and results have been
presented by SPECTAcolor’s coordinator, Dr. Gunnar
[100]
Folprecht, at the ESMO congress in 2016 .
The observed frequency of mutations is similar
to that observed in previous CRC clinical trials. New
therapeutic targets have been identified by gene panel
sequencing and allow patients access to specific clinical
trials (Table 1).

Entrectinib

The treatment of CRC has markedly changed in
recent years due to the development of new predictive
biomarkers that facilitate optimized, tailored therapy.
The discovery of new biologic techniques, such as
the liquid biopsy approach, elucidate the increasingly
complex heterogeneity of this disease and can be used
to monitor minimal residual disease, track tumour
clonal evolution and design novel therapeutic strategies
to overcome the emergence of drug resistance. Despite
this exceptional progress, a large subset of patients
continues to be unresponsiveness. In the immediate
future, further clinical investigations, such as clinical
trials, are needed to guarantee to all patients a gene
tically determined treatment strategy.

CONCLUSION

Entrectinib is a novel, orally available, selective tyro
sine kinase inhibitor targeting tumours that harbour
activating alterations in NTRK1/2/3 (encodingTrkA/
TrkB/TrkC), ROS1 or ALK. Entrectinib is the most
potent Trk inhibitor in the clinic and free of undesirable
off-target activity. This product candidate is in a Phase
2 clinical trial called STARTRK-2, which is the second
of the “Studies of Tumour Alterations Responsive to
[99]
Targeting Receptor Kinases” . The trial is a global,
multicentre, open label, potentially registrationenabling Phase 2 clinical trial of entrectinib that utilises
a basket design with the screening of patient tumour
samples for the relevant targets. Such a basket design
takes full advantage of entrectinib, whose preliminary
clinical activity is demonstrated across a range of
different tumour types and molecular targets.
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Diarrhea after bariatric procedures: Diagnosis and therapy
Yves M Borbély, Alice Osterwalder, Dino Kröll, Philipp C Nett, Roman A Inglin
Bypass and Biliopancreatic Diversion, is common and
an essential determinant of quality of life and microand macronutrient deficiencies. Bariatric surgery is
the only sustainably successful method to address
morbid obesity and its comorbidities, particularly
gaining more and more importance in the specific
treatment of diabetic patients. Approximately half a
million procedures are annually performed around
the world, with numbers expected to rise drastically
in the near future. A multitude of factors exert their
influence on bowel habits; preoperative comorbidities
and procedure-related aspects are intertwined with
postoperative nutritional habits. Diagnosis may be
challenging owing to the characteristics of postbariatric surgery anatomy with hindered accessibility of
excluded segments of the small bowel and restriction
at the gastric level. Conventional testing measures, if
available, generally yield low accuracy and are usually
not validated in this specific population. Limited trials
of empiric treatment are a practical alternative and
oftentimes an indispensable part of the diagnostic
process. This review provides an overview of causes
for chronic post-bariatric surgery diarrhea and details
the particularities of its diagnosis and treatment in this
specific patient population. Topics of current interest
such as the impact of gut microbiota and the influence
of bile acids on morbid obesity and especially their role
in diarrhea are highlighted in order to provide a better
understanding of the specific problems and chances of
future treatment in post-bariatric surgery patients.
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Core tip: Bariatric surgery is the only sustainable
therapy for morbid obesity and its comorbidities.
Postoperative diarrhea is common and an essential
determinant of quality of life and micro- and macro

Abstract
Diarrhea after bariatric procedures, mainly those with
malabsorptive elements including Roux-Y Gastric
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nutrient deficiencies. The distinctive anatomic changes
after bariatric procedures with exclusion of various
length of small bowel have a severe impact not only on
diagnostic but also puts limits on therapeutic means.
This review provides an overview of causes for chronic
diarrhea in the particular context of post-bariatric
patients, and details specific problems in diagnosis and
treatment of this challenging patient population.

EATING HABITS AND LIFESTYLE
CHANGES
Bariatric surgery results in a radical change of life with
lifestyle modifications eventually resulting in change of
food preference, meal size and frequency. The imposed
restriction, especially in the earlier postoperative
period, leads to a more liquid diet with decreased fiber
[14]
intake . While adaptive processes towards a stable
[15]
metabolism and energy intake take at least 1 year ,
patients rarely benefit from an extensive evaluation
prior to 6 mo postoperatively.
There are inconsistent data about postoperative
food consumption, mainly because of self-reporting,
incongruent assessment time points, changing food
selection over time, and influence of nutritional
[16]
counselling . Overall energy intake is reduced after
surgery; however, the proportion of fat, proteins
[17]
and carbohydrates seems to remain constant . In
our practice, we observe an increased consumption
of dietary and fat-reduced products in a purpose to
eat “healthier”. However, the use of non-absorbable
sweeteners such as sorbitol in these products can lead
[18]
to similar effects as carbohydrate malabsorption .
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INTRODUCTION
Bariatric surgery was demonstrated to be the most
efficacious method to achieve sustainable weight
loss and resolution of co-morbidities among the
morbidly obese. Roux-en-Y gastric bypass (RYGB),
sleeve gastrectomy (SG) and to a lesser extent biliopancreatic diversion with duodenal switch (BPD-DS)
are the most commonly applied procedures (Figure
1). Around 470000 bariatric procedures have been
performed worldwide in 2013, with numbers expected
to rise in the future as the threshold, currently at a
2
body mass index of 35 kg/m , will be lowered to 30
2
[1-4]
kg/m in diabetic patients . Weight loss is achieved
by different mechanisms, all having various effects on
bowel habits. The implied alterations of the anatomy
not only affect the sensitivity and specificity of diag–
nostic procedures but also the pharmacodynamics
and bioavailability of the used medication, potentially
[5]
resulting in treatment failure .
Bariatric surgery, especially BPD-DS and distal
RYGB, leads to a significant change of bowel habits
with enhanced frequency of malodorous flatus and
[6]
diarrhea . Diarrhea exposes patients at risk for fecal
incontinence - up to 50% of patients after BPD-DS are
affected - and has a major impact on Quality of Life
[7-9]
as well as on nutrient and vitamin absorption . In
addition, morbid obesity per se, and in particular its
associated comorbidities, broadens the spectrum of
possible causes for diarrhea.
The goal of this review is to detail causes for chronic
diarrhea in the specific post-bariatric surgery context,
especially after RYGB, and to give a focused overview
of its diagnosis and treatment, with the intention to
depict the differences and difficulties compared to an
[10-12]
evaluation for diarrhea in non-operated patients
.
Reasons nonspecific for post-bariatric surgery patients,
such as cancer-related diarrhea, are not covered, even
though the incidence of cancer is higher in the bariatric
[13]
than in the non-obese population .
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BARIATRIC PROCEDURES
SG

Sleeve gastrectomy has become the most popular
bariatric procedure in the last years. The greater
curvature of the stomach is resected alongside a
bougie preserving around 5 cm of antrum (figure 1).

Proximal and distal RYGB

RYGB was the most popular procedure for years. A
small gastric pouch is created followed by a pouchjejunostomy, thereby forming an alimentary Roux-Y
limb of up to 150 cm and a biliopancreatic limb of
around 50 cm resulting in a common channel of various
lengths depending on the length of whole small bowel.
In distal RYGB, the length of the common channel,
mostly around 100 cm, is the determined factor and the
alimentary limb is of variable length (figures 2 and 3).

BPD-DS

The gastric volume is reduced akin to a LSG but
with a generally bigger bougie size. The duodenum
is transected near the pylorus and a duodenojejunostomy is created to form a common channel of
around 80 cm.

Adjustable gastric banding

Adjustable gastric banding (AGB) experienced a massive
decline in the past decade due to a failure of longterm weight loss. Currently it is used almost exclusively
concomitant to or after RYGB to reduce pouch ex
tensibility. Apart from vagotomy as intraoperative
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figure 3 Distal Roux-Y gastric bypass. The same principles as in proximal
RYGB are applied; however, the length of the common channel, mostly around
100 cm, is the determined factor and the alimentary limb is of variable length.
RYGB: Distal Roux-Y gastric bypass.

figure 1 Laparoscopic sleeve gastrectomy. The greater curve of the
stomach is resected alongside a bougie.

[26]

[25]

RYGB procedures , in BPD compared to RYGB , and
[27]
in BPD patients with shorter common channels .

SHORT BOWEL SYNDROME
Short bowel syndrome, defined by lack of absorptive
surface, occurs in around 4% of patients after
[28]
bariatric surgery . The reported average small
bowel length in obese patients ranges from 300 to
900 cm, with considerable variability between 230 cm
[29-31]
and 1510 cm
. However, there is a remarkable
intra- and interoperator variability when it comes
to determination of bowel length, both in open and
[32,33]
laparoscopic procedures
. In the most commonly
performed technique, the proximal RYGB, only the
lengths of the alimentary (AL) and the biliopancreatic
limbs (BPL) are defined and counted through, whereas
the common channel remains of variable, unknown
size. While AL of 100-150 cm and BPL of 45-85 cm are
[30,34,35]
commonly used
, there is ongoing debate about
the delineation of optimal limb lengths. Nonetheless,
this debate does not respect absorptive capacity of
small bowel and even less its adaptation over time.
Even though there is considerable progress in assessing
intestinal malabsorption, no direct test with sufficient
sensitivity and specificity is currently available, not
to mention the diagnostic issues due to the altered
[36]
anatomy after RYGB . Initial treatment consists of
supportive measures; surgical options are lengthening
of the common channel, enteral nutrition via gastro
stomy into the gastric remnant, and restitution of
[37]
normal anatomy if still possible . In the United States,
6.3% of home parenteral nutrition patients have a
history of bariatric surgery and over two-thirds of them
[38]
underwent RYGB .

figure 2 Proximal Roux-Y gastric bypass. The stomach is divided to
form a small gastric pouch. Alimentary Roux-Y limbs of up to 150 cm and
a biliopancreatic limbs of around 50 cm are formed; the resulting common
channel is of various length depending on length of the whole small bowel.

complication, it has little influence on stool consistency,
[14]
and when, patients rather tend to constipation .

BOWEL HABIT CHANGES AFTER
BARIATRIC SURGERY
There is a consistent relationship between obesity and
[19]
diarrhea . The incidence of diarrhea in a preoperative
[20]
bariatric population is around 8% , being twice
as high as in lean people. A possible reason for this
[21]
might be a higher intake of poorly absorbed sugars .
Indeed, digestive symptoms in general, including
diarrhea, are frequent among obese patients, both
[22,23]
before and after bariatric surgery
.
There is a change of bowel habits after every
bariatric procedure, even though the severity of sym
ptoms differs between the individual techniques. Up to
75% of patients suffer from alterations of bowel habits
[20]
and faecal transit time after RYGB . Diarrhea is a
[6,20,24]
common symptom after RYGB
, and usual after
[14,25]
BPD
. Length of the common channel, i.e., the
amount of absorptive surface, seems to play a role,
given the higher frequency of diarrhea in long limb/
distal RYGB patients than after short limb/proximal
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MALABSORPTION OF CARBOHYDRATES
(LACTOSE, FRUCTOSE)
Carbohydrates were propagated in a low-fat diet for
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years; they have a good palatability and are readily
[39]
available in a high-caloric liquid form . Liquids transit
rapidly through the intestine and produce lesser satiety
than the solid form. Sugar-sweetened beverages have a
considerable impact on body weight, and there is clear
association between their consumption and weight
[40,41]
gain
.
Even though a diet with a moderate amount of
carbohydrates is recommended after bariatric sur
[42]
gery , the proportion of ingested macronutrients lipids, proteins and carbohydrates - remains constant,
[18]
whereas the overall energy intake that is reduced .
Lack of the enzyme lactase in the intestinal mucosa
leads to lactose malabsorption and intolerance with
diarrhea. While symptoms are dependent on small
bowel transit time, there is a poor correlation between
[18,43]
lactose malabsorption and intolerance
. Lactase
[44]
activity is diminished progressively in adulthood ,
and the influence of bariatric surgery on this process in
[6]
unclear . Furthermore, there is no data on symptoms
after bariatric surgery in a population of non-Western
European heritage, i.e., with a higher prevalence of
lactase deficiency. On the other hand, a Scandinavian
study found a lactose intolerance rate of 30% after
[45]
jejuno-ileal bypass .
Fructose as monosaccharide is widely used as a
sweetener in fat-reduced, low-caloric food. In contrast
to the disaccharide form, its glucose-independent
[46]
absorption capacity is limited . Hydrogen breath
tests can be used in the diagnosis of carbohydrate
malabsorption. However, 18% of patients of European
descent are hydrogen non-excretors resulting in a
possible false-negative result. Furthermore, the effect
of excluded small bowel segments on the test accuracy
has not yet been elucidated. Abstaining from or at
least reducing lactose and fructose in meals might be
most productive for both diagnosis and therapy, even
though enzyme replacement therapies, as referred to
[18]
as lactase and xylose isomerase, are available .

together with parenteral feeding, akin to World Health
[53]
Organization Treatment guidelines for children .
Alternatively, surgical measures, such as limb length
reshaping and reversal of RYGB, may be considered.

ENDOCRINE DISORDERS
Endocrine causes for diarrhea are rather related to
morbid obesity and its comorbidities than to bariatric
surgery. Ninety percent of patients with type 2 diabetes
[54]
mellitus (T2DM) are overweight or obese . Metabolic/
bariatric surgery, mainly RYGB, is gaining importance
[4,55]
in the treatment of T2DM
. However, minimally sym
ptomatic patients with T2DM may become symptomatic
after RYGB. Furthermore, depending on preoperative
duration and severity of T2DM, the relapse rate after
a disease-free postoperative interval is reported to be
[56]
up to 11% . Several factors have an influence on
diarrhea in T2DM-patients: dietetic, sugar-free food,
[57]
association of T2DM to celiac disease , and T2DMinduced disturbance of the enteric nerve system
leading to altered gut motility, again resulting in SIBO
and exocrine pancreatic insufficiency (EPI).
Loss of weight and fat volume after bariatric
[58]
surgery may require adaptation of drug apportioning
otherwise leading to postoperative overdosage, e.g., of
thyroid hormones. Thus, switch from LSG to LRYGB for
gastroesophageal reflux disease requires monitoring
despite absent weight change, as L-thyroxine is
[59]
absorbed in the (partly excluded) small bowel .

MICROBIOTA AND SIBO
In human adults, the gut microbiota is a complex and
[60]
dynamic ecosystem that coevolves with its host , and
remains remarkably constant slightly fluctuating around
an individual core of stable colonisers. Low diversity of
an individual’s fecal bacteria is associated with a more
pronounced overall obesity and dyslipidemia, impaired
glucose homeostasis, and considerable low-grade
[61]
inflammation . Dietary changes, use of proton pump
inhibitors or (recurrent as well as short- and longterm) antibiotic treatments may result in transient
[62,63]
alterations of the gut microbiota composition
.
It is still a matter of debate whether dietary intake
or host genetics exert the stronger influence on
[64]
microbial composition . Not only development of
obesity but also body weight reduction following
bariatric surgery is, at least partly, attributed to
alterations in gut microbiota. RYGB, as against SG,
was demonstrated to substantially diminish the
[65]
diversity of gut microbiota
paralleled by an increase
in the proportion of Gammaproteobacteria and a
[66,67]
decrease in Clostridia
. SG, however, was shown
to cause a change in the Bacteroidetes/Firmicutes
ratio, indeed, with a distinct increase in Bacteroidetes
[68]
and a decline in the abundance of Firmicutes . While
the exact mechanisms remain unclear, change of the
individual’s microbiota composition is considered to be

PROTEIN-LOSING ENTEROPATHY
Micronutrients are absorbed in the mid to distal jeju
[47]
num . BPD-DS and to a lesser extent distal RYGB
exclude these segments and are associated with
[9,48]
macro- and micronutrient deficiencies
. Hypoalbu
[49]
minemia occurs in up to 18% of BPD-DS patients ,
further aggravated by a protein intake of half of the
recommended amount of 60-120 g protein daily in
[47,50]
bariatric patients
. Hypoalbuminemia is associated
with severe diarrhea in every fourth patient ending
[51]
up with the need for parenteral nutrition . The
associated pathogenesis resembles the Kwashiorkortype malabsorption of severely undernourished children
resulting in a reduced production of gastric acid,
pancreatic atrophy, small intestinal bowel overgrowth
[52]
(SIBO) and alterations of the gut microbiota .
Treatment is usually initiated by employing supportive
measures, rehydration and volume replacement,
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a key factor of postoperative body weight reduction
and may be one of the potential contributors to a
[65,69]
stable weight loss after bariatric surgery
. Even
though one would assume the importance of the
microbiome regarding occurrence and/or resolution of
diarrhea after bariatric surgery, this has not yet been
elucidated. Bacteroides, normally increased after SG,
was found to be substantially decreased in patients
[70]
with idiopathic chronic diarrhea . These results were
confirmed by another group reporting an enrichment
of Bacteroides, among other phyla, in controls when
compared to diarrhea cases, irrespective of whether
[71]
they were or not Clostridium difficile-associated .
These results cast a possible relationship between the
normally observed post-bariatric shift of Bacteroides
within the microbiota composition and diarrhea into
doubt. Further studies addressing this question are
warranted.
SIBO, defined as an excessive amount of bacteria
[72]
in the small bowel , has a prevalence of 2.5% in
[73]
healthy subjects , and up to 41% in obese patients,
[74]
probably due to an impaired small intestinal motility .
In fact, side-side anastomoses with longer blind ends
such as in candy cane syndrome are susceptible to
[75,76]
SIBO
. A Brazilian group described a frequent
occurrence of bacterial overgrowth in both the gastric
pouch and the gastric remnant after RYGB in morbidly
obese subjects, when assessed after a mean follow[77]
up of 7.3 years . These patients, however, did
not complain of consistent or prolonged symptoms
suggestive of SIBO, namely diarrhea, malabsorption,
abdominal pain, intestinal obstruction, or extradigestive
complaints (polyarthritis, dermatologic abnormalities,
progressive liver insufficiency), after a mean follow-up
[78]
of almost 15 years . Another group reported a more
than two-fold rise of SIBO after RYGB. Yet, weight
loss itself does not seem to favor SIBO, given the
comparable rate of bacterial overgrowth before and
[23]
after exclusively restrictive surgery, such as AGB .
The influence of proton pump inhibitors, caloric intake
[23,79]
and dietary composition is another topic of debate
.
Diagnostic insecurities and a high prevalence of SIBO
complicate the exact determination of its effects. In
fact, it was shown that two thirds of patients after
RYGB had digestive symptoms, but none of those were
[23]
more frequent in patients with SIBO . Consequences
of SIBO after bariatric surgery are unclear. The
nutrients escaping digestion in the small bowel due
to SIBO might yield elevated levels of short- and
medium-chain fatty acids through metabolization in
[80,81]
the large bowel, implying a higher caloric uptake
.
However, data on expected resulting reduced weight
[23,82]
loss is conflicting
. The altered anatomy with
excluded small bowel segments severely inflicts
diagnostic measures; aspiration and culture might be
impossible despite advanced endoscopic techniques,
[83]
and breath testing underlies the same restrictions .
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CLOSTRIDIUM DIFFICILE
Alteration of gastrointestinal climate caused by
obesity, antibiotic therapy or surgery is a risk factor
[84]
for clostridium-associated colitis , even though
it may occur in absence of the aforementioned
[23]
factors . Furthermore, it may present as a proteinlosing enteropathy with hypoalbuminemia without
[85]
fulminant inflammation . Individual types of stool
tests can yield the diagnosis. However, the high rate
of asymptomatic carriers demands for a combination
[84]
of symptoms and positive test results . Treatment
aims at reestablishing a diverse microbial flora.
Long-standing medical wisdom suggested treatment
with only oral antibiotics, metronidazole rather than
vancomycin, and avoiding antimotility agents such as
[86]
loperamid. The latter lacks substantive data ; the
former must be questioned, at least in post-RYGB and
-BPD-patients. In view of the anatomic alterations
after bariatric surgery and given the pharmacokinetics
of metronidazole - it is almost completely absorbed
in the small bowel - intravenous vancomycine might
[87,88]
the preferred primary treatment option
. Fecal
microbiota transplantation is a novel method to treat
recurrent infections, and has also gained interest in
the bariatric community due to its effects on weight
[89]
loss .

ADDICTIVE DISORDERS
An “addiction-transfer” away from food may be an
explanation for the increased number of impulse
[90]
control disorders after bariatric surgery ; a quarter
of the bariatric population has an eating disorder that
[91]
impedes weight loss . Amongst other substances,
alcohol and nicotine both lead to diarrhea when con
[92]
sumed in excessive amounts . Several cohort studies
showed increased risk for alcohol abuse after bariatric
[93]
surgery , further complicated by a faster rise of
[94]
blood alcohol concentration . Preoperative history of
substance misusage is associated with postoperative
[95,96]
abuse, as for alcohol ranging up to 12%
. Further
more, consumption of excessive amounts of (sugar-free)
drops, sometimes with the purpose of covering halitosis,
must be kept in mind.

VAGOTOMY
Vagotomy during RYGB can be performed either inten
tionally to enhance weight loss via earlier satiety and
[97,98]
lessened food intake
, as esophageal lengthening
[99]
procedure concomitant to hiatal hernia repair
or
inadvertently as intraoperative complication due
to the proximity of the vagal nerves to the gastric
[100]
pouch . Diarrhea occurs in around 10% of patients
after truncal and to a lesser extent after more distal
vagotomy; severe, debilitating diarrhea occurs in
[101]
2%-3%
. Controversially, intentional vagotomy to
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[34,113]

gain esophageal length in hiatal hernia repair did not
[98,99]
lead to higher rates of side effects
. Reasons for
postvagotomy diarrhea are not completely elucidated,
a change of microbial climate by altered intestinal
[102]
motility and gastric hypoacidity certainly plays a role .
Beneath the usual dietary modifications proposed for
RYGB, bulking agents to decrease the water content
of the stool should be introduced. A short-term trial
with octreoid can be attempted, however, isolated
postvagotomy diarrhea is less responsive than dumping
syndrome. In severe cases, surgical options such as
alteration of limb lengths or even reversal of RYGB
should be discussed.

EPI resulting in steatorrhea
with subsequent
deficiencies of fat-soluble vitamins. Depending on
type of RYGB, proximal or distal, the prevalence of
[34]
EPI is up to 19%-48% respectively . Changes in
caloric content, composition and physical properties of
meals after RYGB lead to a diminished, uncoordinated
[114]
pancreatic response to nutrient stimuli . The altered
anatomy after RYGB leads to a shorter amount of
contact time of enzymes with chyme. In addition, the
degradation of pancreatic enzymes is accelerated in
[114]
absence of food in the biliopancreatic limb . In rare
cases, left pancreatic resection for dumping syndrome
or nesidioblastosis is performed, leading to primary
[115]
endocrine and EPI
. Testing for EPI proves difficult
due to altered anatomy. Direct stimulation tests
require the the intubation of the duodenum either in
a transgastric way or via a double-balloon technique
and measure the exocrine pancreatic response after
stimulation with CCK or secretin. Indirect stimulation
test, such as measurement of fecal fat or elastase-1
are cheaper, more readily available but pose other
problems. The former requires the ingestion of a
defined amount of fat, which proves difficult after
RYGB-induced, altered perception of food. In the
latter, a normal result does not preclude EPI, as
only the released amount of enzymes, but not its
effect on chyme is measured; the shortened contact
time within the common channel is not reflected.
The recommended high-fat diet, based on lipids as
strongest stimulators of exocrine pancreatic response,
[34]
is hard to apply in post-RYGB patients . Pancreatic
enzyme replacement therapy is the mainstay of EPI
[114]
treatment. Substitution is adapted to symptoms
;
if using pancrealipase, removing the acid-resistant
coating is imperative as the amount of produced acid
[34]
in the gastric pouch is only minimal .

BILE ACID MALABSORPTION
The role of bile acids in morbid obesity, its comorbidity
and weight loss in post-bariatric patients experiences
increased interest, as they seem to be profoundly
involved in the postoperative metabolic improvement.
The target of interest are FX- and TGR5-receptors
and their influence on bile acid metabolism with sub
sequently increased hormonal - in particular incretine [103,104]
answer and change of gut microbiota
.
Bile acid malabsorption results from a disturbed
enterohepatic cycle and bile acid production. About
95% of bile acids are reabsorbed in the ileum, an
additional small percentage is absorbed in the colon
with bowel motility, medication, microbiota and food
[105-107]
composition as influencing factors
. FXR is
involved in the regulation of bile acid production, in
[108]
entero- and hepatocytes
. BAM is categorized as
either idiopathic, secondary to ileal dysfunction, such
as after resection, or unrelated to ileal dysfunction,
mainly due to SIBO or cholecystectomy. A disturbed
synthesis in idiopathic BAM might also play role in
irritable bowel syndrome (IBS)-D patients, same as in
[109]
post-cholecystectomy patients
. Cholecystectomy
concomitant to a bariatric procedure was a standard
[110]
of care in the last decades . BAM might further be a
[102]
cause for post-vagotomy diarrhea . The short common
channel after BPD and distal RYGB predisposes to BAM
due to reduced reabsorption rate and diminished time for
bile acids to exert its effects on digestion. So far, there
is no data about the rate of BAM stratified for subtypes
of bariatric procedures. Bile acid malabsorption can
be detected by fecal bile acid quantification, radio
labelled Selenium homotaurocholic acid testing or
[111]
determination of serum-C4-concentration ; however,
they all are expensive, rather difficult to apply in
clinical practice or not standardized. Cholestyramine,
a bile-acid binder, is an effective treatment with an
[112]
efficacy up to 96%
. Due to the downsides of the
above-mentioned testing procedures, it is used in
[12]
diagnosis in an empirical trial .

DUMPING SYNDROME
Diarrhea is one of many abdominal and systemic
symptoms of mostly early dumping syndrome (DS),
caused by a rapid exposure of the small bowel with
undigested nutrients. Prevalence of DS after RYGB is
reported to be up to 75%, and after SG up to 45%.
Even though bothersome at least, DS is seen not
seen as complication but rather as desirable feature
[116]
by a few surgeons , it is thought to be an essential
component of postoperative weight loss. Diagnosis
relies mainly on symptom-based questionnaires like
Sigstad’s scoring system, together with an oral glucose
tolerance test or a mixed-meal test. However, those
tests have a high sensitivity, but low specificity and
[117]
are complicated by the small gastric pouch
. Firstline treatment of DS is directed at a change of diet
towards a more fibre- and protein-rich regimen with
a low proportion of rapid-absorbable carbohydrates.
Dietary supplements such as pectin or glucomannan
have a poor tolerability and may interfere with a
[117]
post-bariatric diet
. Acarbose affects mainly late

EXOCRINE PANCREATIC INSUFFICIENCY
Gastrectomy and RYGB both can lead to secondary
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[134]

DS, whilst diarrhea is associated rather with early
DS. Somatostatin analogues are effective treatment
options for both early and late DS, however, the have
diarrhea as common side effect. Total parenteral
nutrition is less practical, but sometimes inevitable
option, other surgical possibilities consist in either
remnant gastrostomy, reversal of RYGB or measure
to enhance restriction of the pouch, such as AGB or
pouch reshapings, only in very rare cases pancreatic
[118,119]
resection have to be performed
.

of CD though it does make it much less likely . The
standard treatment of CD implementing a gluten-free
diet (GFD) was shown to be successful in bariatric
patients, either. In this line, a complete restoration of
the intestinal muscosa within 12 mo after starting GFD
was observed in a young adult with an incidentally
diagnosed silent form of CD after bariatric surgery
[135]
(vertical banded gastroplasty) 5 years earlier
.
However, apart form a few case reports, little is known
about onset, course, diagnosis and management
of CD following bariatric surgery, particularly sleeve
gastrectomy and RGB.

UNMASKED UNDERLYING INTESTINAL
DISEASES

IBS

A prevalence of up to 30% of IBS fulfilling the
ROME Ⅲ criteria among morbidly obese patients
was reported. These patients are more likely to
suffer from profound alterations to quality of life and
severe psychological disturbances than those without
[136,137]
IBS
. On the other hand, a recent study of a large
cohort showed that obesity is protective of a diagnosis
[138]
or worsening of IBS
. Visceral adiposity, rather
than general obesity, has been associated with an
[139]
increased risk of diarrhea dominant IBS . However,
the association between the two entities remains
[140]
unclear
. Increase of intra-abdominal pressure
owing to excess of visceral fat, local tissue as well as
systemic inflammation mediated by adipokines and
[141-143]
cytokines originating from abdominal adipocytes
,
[144]
and altered gut microbiota
have been suggested
as possible mechanisms that link obesity and IBS.
Bariatric surgery, i.e., RGB, may improve the IBS
[137]
symptoms
. Yet, the impact of bariatric surgery
on visceral hypersensitivity and outcome of IBS is
still unknown. Nevertheless, it might be advisable to
systematically screen IBS and other functional bowel
disorders in patients eligible for bariatric surgery.

Inflammatory bowel disease

The cardinal symptom of both, Crohn’s disease and
ulcerative colitis is diarrhea. It is unclear whether obesity
and the subsequent proinflammatory state have a role
[120]
in the pathogenesis of Crohn’s disease . Even though
bariatric surgery leads to a normalization of this state,
bacterial overgrowth might lead to a local activation
[121]
of innate immune factors favoring inflammation
.
Whether bariatric surgery is of benefit remains to be
elucidated, case series show a favorable outcome
[122-126]
with LSG as procedure of choice
. Even though
in most instances inflammatory bowel disease will
be known prior to surgery, it might be missed in pre
operative evaluation as it might occur later or is not
captured, as morbid obesity seems to be associated
[127]
with more colonic disease . Of note, fecal calprotectin
as measure for tissue inflammation is elevated after
[128]
bariatric surgery .

Celiac disease

Approximately 40% of patients suffering from celiac
disease (CD), traditionally associated with malab
sorption and insufficient body weight, are overweight
[129,130]
or obese at diagnosis
. They, therefore, could be
potential candidates for bariatric surgery. Diarrhea is
classically the hallmark of symptomatic coeliac disease.
However, a trend toward silent or atypical forms has
[131]
been observed
. Triggers including pregnancy,
traveller’s diarrhea, gastroenteritis, and some type of
[132]
gastrointestinal surgery were reported
. Indeed, a
recent publication described the rapid onset of CD after
[133]
bariatric surgery, i.e., a duodenal switch procedure .
After all, CD should be considered as a differential
diagnosis in patients presenting with persistent diarrhea
after bariatric surgery.
A group of Italian surgeons suggested a preopera
tive work-up of specific CD tests (anti-endomysial
and antitransglutaminase antibodies and total Immu
noglobulin A) before bariatric procedures. Diagnosis
of CD, consisting of harvesting duodenal biopsies is
hindered after RGB due to the anatomical changes
involved. In these cases, exlusively serologic testing
remains an option. Indeed, a negative CD specific
serology does not completely exclude the diagnosis
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CONCLUSION
There are a multitude of reasons for diarrhea in postbariatric patients. Diagnosis can be challenging,
as they are often intertwined and the influence of
inconsistent, mood-dependent elements, must not be
underestimated. The special anatomy after RYGB and
BPD with excluded bowel segments complicates testing
and the interpretation of results. Thus, empiric therapy
of limited time will help in diagnosis and treatment.
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Abstract
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AIM
To determine the mechanistic role of fibrinogen, a key
regulator of inflammation and fibrosis, in early and
delayed radiation enteropathy.
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METHODS
+/+
Fibrinogen wild-type (Fib ), fibrinogen heterozygous
+/-/(Fib ), and fibrinogen knockout (Fib ) mice were
exposed to localized intestinal irradiation and assessed
for early and delayed structural changes in the
intestinal tissue. A 5-cm segment of ileum of mice was
exteriorized and exposed to 18.5 Gy of x-irradiation.
Intestinal tissue injury was assessed by quantitative
histology, morphometry, and immunohistochemistry at
2 wk and 26 wk after radiation. Plasma fibrinogen level
was measured by enzyme-linked immunosorbent assay.

Data sharing statement: Technical appendix, statistical
code, and dataset available from the corresponding author at
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the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
There was no difference between sham-irradiated
+/+
+/Fib and Fib mice in terms of fibrinogen con
centration in plasma and intestinal tissue, intestinal
histology, morphometry, intestinal smooth muscle cell
proliferation, and neutrophil infiltration. Therefore,
+/Fib mice were used as littermate controls. Unlike
+/+
+/sham-irradiated Fib and Fib mice, no fibrinogen
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treatment delays, increased patient hospitalization
rates and short term morbidity. Also, delayed radiation
enteropathy continues to adversely affect the quality of
[1,2]
life of a large number of long-term cancer survivors .
Radiation enteropathy is classified as early or
delayed, depending on when it presents relative to
radiation therapy. Early radiation enteropathy occurs
during or within weeks of completion of radiation
therapy. The cause is clonogenic crypt cell death,
disruption of the epithelial barrier, and mucosal
inflammation. Delayed radiation enteropathy is a
chronic condition, characterized mainly by vascular
[1,2]
sclerosis and progressive intestine wall fibrosis .
Clinical and experimental data from our laboratory
show that intestinal radiation toxicity is associated
with marked endothelial dysfunction, interstitial
accumulation of enzymatically active thrombin, and
[3-5]
interstitial fibrin deposition .
Fibrinogen, a plasma protein, and fibrin (breakdown
product of fibrinogen), in addition to its known role
in blood clotting, is considered a key modulator of
[6-8]
tissue injury and inflammation , as well as in fibrosis
[9-13]
development
. However, the putative significance
of fibrinogen in radiation-induced inflammation and
fibrosis is mostly based on correlative observations,
and the results with pharmacological modulators of
coagulation have been inconclusive. The availability
of fibrinogen-deficient mice provides the means
to directly evaluate the contribution of fibrinogen
to radiation-induced intestinal injury. We used
-/+/fibrinogen knockout (Fib ), heterozygous (Fib ),
+/+
and homozygous (Fib ) mice to determine the role
of fibrinogen in radiation-induced early and delayed
intestinal injuries. The results showed that the lack of
fibrinogen was associated with a significant protection
from radiation-induced early and delayed intestinal
injuries, thus confirming the role of fibrinogen.

was detected in the plasma and intestinal tissue of
-/sham-irradiated Fib mice. Moreover, fibrinogen level
was not elevated after irradiation in the intestinal tissue
-/of Fib mice, while significant increase in intestinal
+/+
fibrinogen level was noticed in irradiated Fib and
+/-/Fib mice. Importantly, irradiated Fib mice exhibited
substantially less overall intestinal structural injury (RIS,
p = 0.000002), intestinal wall thickness (p = 0.003),
intestinal serosal thickness (p = 0.009), collagen
deposition (p = 0.01), TGF-β immunoreactivity (p
= 0.03), intestinal smooth muscle proliferation (p =
0.046), neutrophil infiltration (p = 0.01), and intestinal
mucosal injury (p = 0.0003), compared to irradiated
+/+
+/Fib and Fib mice at both 2 wk and 26 wk.
CONCLUSION
These data demonstrate that fibrinogen deficiency
directly attenuates development of early and delayed
radiation enteropathy. Fibrinogen could be a novel
target in treating intestinal damage.
Key words: Radiation enteropathy; Knockout mouse
model; Fibrinogen; Inflammation; Fibrosis; Ionizing
radiation
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Fibrinogen, a plasma protein, and fibrin
(breakdown product of fibrinogen) induce inflammation,
and fibrosis. Suppression of coagulation, inflammation,
and fibrosis attenuate intestinal radiation injury.
While fibrinogen has been presumed to be involved in
intestinal fibrosis development, a direct role has only
been supported by indirect evidence. We investigated
the direct role of fibrinogen deficiency in early and
delayed intestinal radiation injury. Radiation caused less
intestinal injury in mice deficient in the fibrinogen gene,
than in mice bearing two or one wild type fibrinogen
alleles. We conclude that fibrinogen is essential for fullblown intestinal radiation fibrosis to occur.

MATERIALS AND METHODS
Mice

Wang J, Pathak R, Garg S, Hauer-Jensen M. Fibrinogen
deficiency suppresses the development of early and delayed
radiation enteropathy. World J Gastroenterol 2017; 23(26):
4701-4711 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i26/4701.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i26.4701

INTRODUCTION
The intestine is an important dose-limiting organ
during radiation therapy of abdominal and pelvic
tumors. Despite advances in radiation delivery
techniques having substantially reduced intestinal
exposure and clinical bowel toxicity, early intestinal
radiation toxicity (early radiation enteropathy)
remains a significant clinical problem resulting in

WJG|www.wjgnet.com

-/-

A α-chain fibrinogen-deficient (Fib ) male and
+/fibrinogen-heterozygous (Fib ) female breeder mice
were a gift from Dr. Jay L Degen (Cincinnati Children’s
Hospital, Cincinnati, OH, United States). Breeding
was performed at Department of Laboratory Animal
Medicine, University of Arkansas for Medical Sciences.
The animals were housed in conventional cages with
free access to tap drinking water and standard mouse
chow (TD8640, Harlan Teklad, Madison, WI, United
States). A pathogen-free environment with controlled
humidity, temperature, and 12-12 h light-dark cycle
was maintained. All experimental protocols were
approved by the University of Arkansas for Medical
Sciences Institutional Animal Care and Use Committee.
-/Fib mice lack all components of fibrinogen in
[14]
the circulation . Because A α-chain of fibrinogen is
not the rate-limiting step for fibrinogen biosynthesis
+/in normal mice, heterozygous (Fib ) mice maintain
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plasma fibrinogen concentrations that are 75%-100%
+/+
[15]
of that in wild-type (Fib ) mice . Both male and
female mice were included in the study. Genotype
analysis of mice was performed by mouse tail
[14]
biopsy and PCR as described elsewhere . Briefly,
approximately 2-3 mm mouse tail was incubated
with direct PCR Lysis Reagent (Viagen Biotech, Los
Angeles, CA, United States) including freshly prepared
proteinase K at 55 ℃ overnight and 2 μL of lysate was
used per PCR reaction. The sequences of three primers
were used in PCR reaction (kindly provided by Dr. Jay
L Degen, Cincinnati Children’s Hospital, Cincinnati, OH,
United States). 1). 5’-TAT TAC CAG TGA ATC TTT GTC
AGC AG-3’, 2) 5’- TGC TGG ATC AAT CCC CAG CAA
CCG TGA GAG-3’, and 3) 5’- GCT TCA GCT CCA GTT
CTC CTC ATG AGC CAT-3’.

radiation injury was assessed using the radiation
injury score (RIS) system. The RIS is a composite
histopathological scoring system that provides a
global measure of the severity of structural radiation
injury. It has been extensively used and validated in
[16,17]
our laboratory
. Briefly, we assessed and graded
(from 0-3) seven histopathologic parameters of radia
tion injury (mucosal ulcerations, epithelial atypia,
subserosal thickening, vascular sclerosis, intestinal wall
fibrosis, ileitis cystica profunda, and lymph congestion).
The sum of the scores for the individual alterations
constitutes the RIS. All specimens were evaluated in a
blinded fashion by two separate researchers.
Mucosal surface area: Mucosal surface area was
measured in vertical sections using a stereologic
projection/cycloid method as described by Baddeley et
[18]
[19]
al and adapted by us for use in our model system .
The advantage of this technique is that it does not
require assumptions about the shape or orientation
distribution of the specimens and thus circumvents
problems associated with most other procedures for
surface area measurement.

Experimental model, irradiation, and tissue procurement
Mice were between 10 and 15 wk of age at the
initiation of experiments. Mice were anesthetized
with 60 mg/kg sodium pentobarbital administered
intraperitoneally (Abbott Laboratories, Chicago, IL,
United States). A 5 cm segment of ileum, located
10 cm from the ileocecal junction, was exteriorized
through a midline abdominal incision and marked
for future identification with a tantalum clip on the
mesentery. The mice were placed on a heating pad
(maintained at 38 ℃). The exteriorized ileum was
covered with saline-moistened gauze and exposed
to 18.5 Gy localized single dose x-irradiation using a
Seifert Isovovolt 320 X-ray machine (Seifert X-Ray
Corp., Fairview Village, PA) operated at 250 kVp and
15 mA with 3 mm aluminum added filtration. The halfvalue layer was 0.85 mm Cu, and the dose rate was
4.49 Gy/min. Our previous experience with localized
intestinal radiation model in mice suggests that 18.5
Gy radiation dose causes consistent structural, cellular,
and molecular changes. After irradiation, the ileum was
replaced into the abdomen and the incision was closed
with 5-0 polypropylene. Antimicrobial prophylaxis
+/+
+/-/was not used. Each strain of mice (Fib , Fib , Fib )
was randomly assigned into 2 groups (2 wk and 26
wk), which represent, respectively, early (acute) and
delayed (chronic) radiation enteropathy in our model
[16]
system . This model allows for accurate delineation
and dosimetry to the exposed intestinal segment,
whereas, the rest of the intestine is not exposed to
radiation.
Groups of mice were euthanized 2 wk and 26
wk after irradiation. Specimens of irradiated and
un-irradiated intestine were procured and fixed
in methanol-Carnoy’s solution for histological and
immunohistochemical studies and snap-frozen for
fibrinogen enzyme-linked immunosorbent assay
(ELISA) analysis.

Thickness of the intestinal wall and subserosa:
Intestinal wall thickening is a measure of both reactive
intestinal wall fibrosis and intestinal smooth muscle cell
hyperplasia. In contrast, subserosal thickening reflects
mainly reactive fibrosis. Intestinal wall thickness
(encompassing submucosa, muscularis externa, and
subserosa) and subserosal thickness were measured
with computer-assisted image analysis (ImagePro Plus, Media Cybernetics, Silver Spring, MD). All
measurements were done with a 10 × objective lens.
A total of 5 areas, 500 µm apart, were chosen for the
measurement, with 3 measurements taken per area.
The average of all 5 areas was used as a single value
[20]
for statistical calculations .

Quantitative immunohistochemistry, histochemistry and
image analysis

Immunohistochemical staining was performed with
standard technique using avidin-biotin complex, diamino
benzidine chromogen, and hematoxylin counterstaining.
Appropriate positive and negative controls were
included. The primary antibodies, incubation times,
dilutions, and sources were as follows: polyclonal antimyeloperoxidase antibody (MPO), 2 h, 1:100 dilution,
Dako (Carpinteria, CA); monoclonal antibody against
proliferating cell nuclear antigen (PCNA), 2 h, 1:100
dilution, Calbiochem (Cambridge, MA), and polyclonal
antibody against transforming growth factor-β (TGF-β),
2 h, 1:300 dilution, R&D (Minneapolis, MN).
Computer-assisted immunohistochemistry and
histochemistry image analysis (Image-Pro Plus,
Media Cybernetics, Silver Spring, MD) were used
to assess the following established indicators of
intestinal radiation injury: (1) neutrophil infiltration;

Quantitative histopathology and morphometry

Radiation injury score: The overall severity of structural
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(2) proliferation of intestinal smooth muscle cells; (3)
deposition of collagen in the intestinal wall; and (4)
expression of extracellular matrix-associated TGF-β as
[20]
described in detail and validated previously .

assayed by the addition of chromogenic substrate
3,3′,5,5′-Tetramethylbenzidine and was measured
at a wavelength of 450 nm. The quantity of bound
fibrinogen was proportional to the magnitude of the
absorbance at 450 nm and thus, was a measure of
concentration of fibrinogen in the test samples.
The localization of fibrinogen in the intestinal tissue
was performed by immunohistochemical staining.
Rabbit anti-mouse fibrinogen antibody (kindly gifted
by Dr. Jay L Degen) was incubated for 2 h at 1:100
dilution.

Neutrophil infiltration: The number of myelo
peroxidase-positive cells was determined by color
thresholding and counting in 20 fields at 40 ×
magnification, selected according to a predetermined
grid pattern. Smooth muscle cell proliferation:
Intestinal smooth muscle cell proliferation was
assessed in the smooth muscle layer of intestine
(muscularis propria). The numbers of total smooth
muscle cells and PCNA-positive smooth muscle cells
were determined in 20 fields at 40 × magnification
using color thresholding and normalizing PCNA-positive
smooth muscle cells per thousand smooth muscle
cells. Collagen deposition: Masson’s trichrome 2000
stain kit (American Master Tech, Lodi, CA) was used for
collagen staining to evaluate collagen deposition. The
percentages of areas (relative to the total intestinal
wall area) positive for collagen were determined in 20
fields (under 40 × magnification), according to the
[21]
procedure established by Raviv et al and adapted to
[22]
our model system .

Statistical analysis

Sample size calculation was performed with PASS
2000 for Windows (NCSS, Kaysville, UT). Differences
between experimental groups and variability for the
early and delayed endpoints was derived from similar
experiments conducted in our laboratory and used
for calculations, making sure statistical power was at
least 0.8. Statistical analyses were performed with
the software package NCSS2007 for Windows (NCSS,
Kaysville, UT). Differences in endpoints between two
groups were assessed with Equal-Variance T-Test of
two samples t-Test. Differences in endpoints among
the groups Fixed factor analysis of variance (different
+/+
+/times and different mice such as Fib , Fib , or
-/Fib mice) was performed with ANOVA General
Linear Models analysis. A p value less than 0.05 was
considered statistically significant.

TGF-β immunoreactivity: Areas relatively positive
for TGF-β were determined in 20 fields (under 40 ×
magnification) according to the method described by
[21]
[22]
Raviv et al and adapted to our model system .

RESULTS

Fibrinogen analysis by ELISA and localization by
immunohistochemical staining

Determination of genotype from tail biopsy and
fibrinogen level by ELISA in plasma and intestinal tissue
of sham-irradiated mice

Quantitative determination of fibrinogen in mouse
plasma and small intestinal samples was done by
double antibody sandwich ELISA method following
manufacturer’s instructions (Kamiya Biomedical
Company, Seattle, WA). For plasma preparation,
whole blood was collected and centrifuged at 2000
× g for 15 min at 4 ℃. Following the centrifugation,
the supernatant (plasma) was collected and stored at
-20 ℃ until further use. For intestinal tissue sample
preparation, frozen tissues were homogenized in icecold PBS containing protease inhibitors and sonicated
using cell disrupter. The samples were centrifuged
at 2000 x g for 15 min at 4 ℃ and the supernatants
were taken for ELISA procedure. The total protein
concentration was first quantified using Bicinchoninic
Acid protein assay kit following the manufacture’s
protocol (Pierce Biotechnology, Rockford, IL, United
States).
Samples and standards were added to appropriate
polystyrene microtiter wells pre-coated with antifibrinogen antibodies. After incubation and following
extensive washing steps to remove any unbound
proteins, Horseradish Peroxidase conjugated antifibrinogen antibody solution was added to the wells
and incubated. After another extensive washing
step, the enzyme bound to the immunosorbent was
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Genotype of the offspring were determined by
identifying the number and position of DNA bands
in agarose gel. Single band of about 283 bp region
indicates that the alleles are truncated, which means
-/homozygous null (Fib ) genotype, single band at
about 376 bp region signifies endogenous allele that
+/+
means wild-type (Fib ) genotype, and double bands,
one at 283 bp region and the other at 376 bp region
+/indicate heterozygous (Fib ) genotype (Figure 1A).
Quantitative determination of fibrinogen levels
was performed by ELISA. In plasma, fibrinogen was
-/not detected in Fib mice, while fibrinogen was easily
+/+
+/detected in the plasma of Fib and Fib mice. There
was no significant difference in plasma fibrinogen levels
+/+
+/between Fib
and Fib mice (Figure 1B). Similarly,
-/in intestinal tissue, fibrinogen was not detected in Fib
+/+
mice, whereas, fibrinogen was detected in Fib
and
+/Fib mice. Again, there was no significant difference
+/+
+/between in Fib and Fib mice in terms of intestinal
tissue fibrinogen levels (Figure 1C).

Effects of radiation on intestinal fibrinogen level in Fib+/+,
Fib+/- and Fib-/- mice
Intestinal fibrinogen level was measured by immuno
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Figure 1 PCR analysis of mouse genotype and fibrinogen levels in plasma and intestinal tissue of Fib+/+, Fib+/- and Fib-/- mice. A: Representative agarose gel
image showing DNA marker (Lane 1), single band at around 376 base pair (Lane 2 and 3) that denotes Fib+/+ mice, double bands, one at around 376 bp and the other
is at around 283 bp (Lane 4 and 5), which signify Fib+/- mice, and single band at around 283 bp (Lane 6 and 7) that represents Fib-/- mice; B: Plasma fibrinogen level in
un-irradiated Fib+/+ (n = 5), Fib+/- (n = 6) and Fib-/- (n = 5) mice as detected by enzyme-linked immunosorbent assay (ELISA) assay; C: Fibrinogen level in the intestinal
tissue of un-irradiated Fib+/+ (n = 6), Fib+/- (n = 10) and Fib-/- (n = 3) mice as detected by ELISA assay.

histochemical staining. Fibrinogen immunoreactivity
recognizes both fibrinogen and fibrin mainly located
in the intravascular space, endothelial surface,
connective tissues of the lamina propria, submucosa,
muscularis, and serosa in the intestinal sections.
Fibrinogen was detected in the intestinal tissue of
+/+
+/sham-irradiated Fib
and Fib mice, however, no
significant difference in fibrinogen immunoreactivity
-/was observed. In un-irradiated intestine of Fib mice,
fibrinogen immunoreactivity was undetectable (Figure
2A-C).
+/Like previously published studies, we used Fib
-/[11,23,24]
mice as littermate controls for Fib mice
.
Irradiation significantly increased intestinal fibrinogen
+/+
+/level in both Fib
(p = 0.0004) and Fib mice (p <
0.0001) but no detectable increase in fibrinogen level
-/was observed in Fib mice after radiation exposure,
compared to the respective sham-irradiated groups.
(Figure 2D-G). However, the increase in intestinal
+/+
+/fibrinogen level between irradiated Fib
and Fib
mice was not significantly different (Figure 2G).

mice showed few MPO immunoreactive cells and there
+/-/was no difference between Fib and Fib mice (p >
0.05) (supplemental Figure 1D). After irradiation, the
+/number of MPO positive cells in the intestine of Fib
-/and Fib mice increased significantly (p < 0.01) at 2
wk and 26 wk (data not shown). However, compared
+/-/with Fib , Fib mice showed significant decrease in
the number of positive MPO cells at 2 wk and 26 wk
(F-Ratio: 6.37, p = 0.01) as shown in Figure 4A-C.
A decrease in intestinal mucosal surface area is a
[19]
sensitive parameter of small bowel radiation injury .
Compared to un-irradiated mice, irradiated mice showed
significant decreased (p < 0.01) mucosal surface area
+/-/in both Fib and Fib mice at 2 wk and 26 wk (data
-/not shown). However, Fib mice showed significant
improvement (F-Ratio: 6.37, p = 0.01) in mucosal
+/surface area at both 2 wk and 26 wk compared to Fib
mice (Figure 4D-F).

Effects of fibrinogen deficiency on early and
delayed radiation-induced intestinal smooth muscle
cell proliferation, collagen deposition, and TGF-β
immunoreactivity

Effects of fibrinogen deficiency in early and delayed
radiation-induced intestinal structural injury

In the intestine, collagen is mainly produced by intestinal
smooth muscle cells, rather than by fibroblasts. Intestinal
smooth muscle cell proliferation rate is very low at
[26]
baseline, but increases steeply after irradiation . In
the current study, PCNA was used as intestinal smooth
muscle cell proliferation marker. Un-irradiated intestine
+/-/of Fib and Fib mice showed low proliferation rate.
After irradiation, the proliferation rate of intestinal
smooth muscle cells increased significantly (p < 0.01) at
2 wk and 26 wk (data not shown). However, compared
+/-/to Fib , Fib mice showed a borderline significant
decrease (F-Ratio: 4.19, p = 0.046) in the proliferation
of intestinal smooth muscle cells at both 2 wk and 26 wk
(Figure 5A-C).
Collagen is the major component of fibrous tissue.
We previously showed that collagen accumulation
[27]
is increased in the intestine after irradiation . The
current study is consistent with this observation.
Radiation significantly increased (p < 0.01) collagen
+/accumulation at both 2 wk and 26 wk in Fig mice,
-/as well as in Fib mice compared to sham-irradiated

Similar to previous studies performed in our
[19]
laboratory , irradiated intestine exhibited epithelial
atypia, reactive thickening of the subserosa and
mucosal ulceration at 2 wk, and chronic ulceration,
vascular and intestinal wall fibrosis at 26 wk. Compared
+/-/with Fib mice, Fib mice showed much less intestinal
radiation structural injury (RIS) (F-Ratio: 27.95, p =
0.000002), less intestinal wall thickening (F-Ratio: 9.50,
p = 0.003) and serosal thickening (F-Ratio: 7.30, p =
0.009) at 2 wk and 26 wk after radiation (Figure 3A-C).

Effects of fibrinogen deficiency on early and delayed
radiation induced intestinal inflammation and intestinal
mucosal injury

Enhanced myeloperoxidase activity is a well-documented
inflammation marker. Myeloperoxidase enzymatic activity
in leukocytes correlates directly with neutrophil number
(r = 0.99) and myeloperoxidase activity in tissue
extract correlates directly with cellular infiltration (r =
[25]
+/-/0.94) . Un-irradiated intestine from Fib and Fib
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+/-

groups (data not shown). However, in comparison to
+/-/Fib , Fib mice showed significant decrease (F-Ratio:
6.86, p = 0.01) in collagen accumulation at both 2 wk
and 26 wk after radiation (Figure 5D-F).
TGF-β is overexpressed in many fibrotic conditions,
[28]
including radiation fibrosis , and is mechanistically
[22]
involved in radiation enteropathy . Extracellular
matrix-associated TGF-β staining was similar in the
+/-/intestines of Fib and Fib mice before irradiation
(data not shown). TGF-β immunoreactivity increased
significantly (p < 0.01) in the intestine after radiation
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-/-

in both Fib
and Fib mice compared to shamirradiated mice at both 2 wk and 26 wk (data not
+/-/shown). However, compared to Fib , Fib mice
showed a significant decrease (F-Ratio: 4.67, p = 0.03)
in TGF-β immunoreactivity at both 2 wk and 26 wk
after radiation (Figure 5G-I).

DISCUSSION
The current study demonstrated that there is no
statistically significant difference with regard to
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Figure 4 Intestinal inflammation and intestinal mucosal injury in Fib+/- and Fib-/- mice observed at 2 wk and 26 wk after localized irradiation. A: Comparative
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intestinal wall thickness, mucosal surface area, smooth
muscle cell proliferation, and neutrophil infiltration
+/+
+/+/among three mouse strains (Fib , Fib and Fib )
before irradiation, both at 2 and 26 wk time points.
+/+
+/Moreover, irradiated Fib
and Fib mice show no
significant difference in intestinal radiation injury
score (F-Ratio: 0.19, p = 0.66), mucosal surface area
(F-Ratio: 0.04, p = 0.84), and smooth muscle cell
proliferation (F-Ratio: 0.00, p = 0.99), at both time
intervals. In addition, ELISA results demonstrated
+/+
that un-irradiated Fib
mice have similar plasma
+/and intestinal fibrinogen level as un-irradiated Fib
mice. No significant difference in intestinal fibrinogen
+/+
immunoreactivity was observed between Fib
and
+/Fib mice before and after irradiation, thus justifying
+/the use of Fib mice as littermate controls in the
current study as in previous studies. Importantly, we
demonstrated that fibrinogen deficiency profoundly
attenuated early and delayed radiation-induced
intestinal inflammation, mucosal injury and fibrosis,
intestinal wall and serosal thickness, collagen
deposition, intestinal smooth muscle proliferation,
TGF-β immunoreactivity, and loss of intestinal mucosal
surface area. This study thus confirms a significant role
for fibrinogen in radiation enteropathy and suggests
that fibrinogen is a potential target in suppressing
radiation-induced gut injury.
Fibrinogen is a soluble glycoprotein synthesized
by the liver with a molecular weight of 340 kDa. It
circulates in the blood, where it is converted by thrombin
[29]
into fibrin during coagulation and inflammation . In
addition, fibrinogen and their degradation products
[6-13]
have been implicated in regulating fibrotic process
,
including radiation-induced enteropathy and nephro
[5,30]
pathy
. However, direct evidence supporting this
notion has been lacking.
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In pathological conditions, such as vascular wall
injury, infection or inflammation, the blood concentration
[31]
of fibrinogen increases significantly . Even before
extravasation into the perivascular space, increased
fibrinogen and its derivative peptides in the blood
induce blood mononuclear cells to synthesize proinflammatory cytokines, such as TNF-α, IL-6 and IL[32,33]
[34]
1β
, activate neutrophils , mediate leukocyte
[35,36]
adhesion to the vascular endothelium
, and
[36]
increase leukocyte migration , notably leukocyte
[37]
transendothelial migration . Fibrinogen can bind to
both endothelial cells and platelets increasing vascular
permeability and causing their local aggregation, as
[6,38,39]
well as inducing fibrin and thrombin production
permitting fibrinogen, fibrin, thrombin, and other
[40]
plasma constituents to escape the vasculature .
Increased interstitial deposition of fibrinogen and/or
fibrin has been observed in inflammatory conditions
and is considered an early and persistent hallmark of
[8]
inflammatory responses . Our previous and current
studies shows that radiation significantly increase the
deposition of both intravascular and extravascular
fibrinogen, as well as thrombin deposition in the
[5]
intestinal tissue at both early and delayed stage .
Extravasated fibrinogen promotes leukocyte adhesion
and stimulates macrophage production of a select set
of chemokines such as macrophage inflammatory
protein-1alpha (MIP-1α), MIP-1β, MIP-2, and monocyte
chemoattractant protein-1, resulting in the attraction
of inflammatory cells such as T cells, neutrophils and
[41]
additional macrophages to the site of the insult . Direct
evidence of the proinflammatory role of fibrinogen comes
from animal studies using genetic and pharmacologic
approaches. Fibrinogen deficiency delays endotoxin
[42]
induced inflammatory responses , decreases inflam
mation and delays the onset of demyelination in a
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Figure 5 Intestinal smooth muscle cell proliferation, collagen deposition and TGF-β immunoreactivity in Fib+/- and Fib-/- mice observed at 2 wk and 26 wk
after localized irradiation. A: Comparative assessment of intestinal smooth muscle cell proliferation between Fib+/- (n = 13) and Fib-/- (n = 13) mice at 2 wk and Fib+/(n = 19) and Fib-/- (n = 12) mice at 26 wk by measuring PCNA immunoreactivity; B and C: Representative photomicrographs showing PCNA immunoreactivity in Fib+/and Fib-/-, respectively, at 2 wk after exposure; D: Comparative assessment of collagen deposition between Fib+/- (n = 11) and Fib-/- (n = 14) mice at 2 wk and Fib+/- (n
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[43]

tumor necrosis factor transgenic mouse model .
Fibrinogen deficiency also diminishes macrophage
infiltration and activation in a model of Duchenne
[13]
muscular dystrophy
and in a model of crescentic
[23]
glomerulonephritis . Ancrod, a defibrinogenating
agent, reduces macrophage infiltration and activation,
and production of multiple cytokines in a model of
[13]
Duchenne muscular dystrophy . Reduction of fibrin
formation by hirudin is accompanied by a diminution
of inflammation and disease severity in experimental
[6]
[5]
arthritis and radiation-induced intestinal injury .
Current results are consistent with these and other
previous studies, supporting that fibrinogen is a key
regulator in inflammation and tissue injury.
Progressive vascular and intestinal wall fibrosis
are characteristics of delayed radiation enteropathy,
which involves excessive accumulation of collagen and
other extracellular matrix (ECM) components. During
inflammation and tissue injury, the extravasated
fibrinogen is cleaved by the thrombin to form insoluble
fibrin, which appears as an eosinophilic meshwork
of threads and provides an initial scaffold along
which the fibroblasts adhere and migrate. Fibrinogen
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and its degradation products act as a mitogen
to stimulate fibroblast proliferation, resulting in
[9-11]
collagen deposition and leading to tissue fibrosis
.
Accordingly, genetic deletion of fibrinogen diminishes
[23]
crescentic glomerulonephritis
and induced wound[24]
healing defects . Fibrin, once extravasated into the
[10]
tissue, resists degradation . The persistent fibrin is
associated with enhanced collagen accumulation that
[9-13]
may result in the development of fibrotic disorders
.
Fibrinogen and/or fibrin deposition has been involved
in the pathogenesis of arterial intimal thickening and
[44,45]
atherosclerosis
. Studies show that fibrinogen and
its degradation products stimulate vascular smooth
[46]
muscle cells to produce inflammatory cytokines and
[47,48]
induce smooth muscle cell proliferations
, resulting
[47]
in collagen and other ECM production . Fibrinogen
and fibrin are also chemoattractant for smooth muscle
[49,50]
cell
. This could be involved in the pathogenesis
of vascular sclerosis, as well as intestinal wall fibrosis
in radiation enteropathy, since collagen is produced
largely by smooth muscle cells in the intestine.
Moreover, because the intestinal fibrosis becomes
more prominent with increasing radiation dose, the
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exposure to ionizing radiation.

protective effect of fibrinogen deficiency would likely
increase with increasing radiation doses.
Fibrinogen and fibrin can bind multiple growth
[51]
factors, including TGF-β . TGF-β has been implicated
in many fibrotic conditions, including radiation injury in
skin, liver, heart, kidney, lung and intestine and plays
important role in fibrotic condition. Fibrinogen in the
[52]
blood stream serves as a carrier for latent TGF-β .
The fibrinogen-bound latent TGF-β leaks into the
interstitial tissue after vascular injury and is activated,
leading to the formation of active TGF-β and activation
of downstream signaling pathways. Fibrin also triggers
[10,13]
endogenous TGFβ1 expression
. Genetic or phar
macologic depletion of fibrinogen reduces active TGF-β
and inhibits the fibrinogen-induced effects on glial scar
[52]
formation . The current study showed that fibrinogen
deficiency significantly reduced TGF-β expression.
These results thus suggest that TGF-β could be a
molecular link between fibrinogen and intestinal fibrosis
formation.
In conclusion, the current study shows that
fibrinogen deficiency attenuated early and delayed
radiation-induced intestinal inflammation, mucosal
injury and fibrosis, suggesting that fibrinogen play a
key role in early and delayed radiation enteropathy.
Pharmacological inhibition of fibrinogen could be
a novel strategy to reduce the risk of radiation
enteropathy.

Terminology

Radiation enteropathy, or intestinal damage caused by therapeutic radiation
is a global problem and its successful mitigation has not been achieved. The
mechanisms underlying the development of radiation enteropathy are highly
complex and controversial. The present study demonstrated that deficiency
of fibrinogen, a plasma protein that induces coagulation, inflammation, and
fibrosis, substantially reduces radiation-induced intestinal damage.

Peer-review

Fibrinogen deficiency directly attenuates development of early and delayed
radiation enteropathy. Fibrinogen could be a novel target in treating intestinal
damage. The manuscript is an interesting piece of good work.
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of fibrinogen suppresses radiation-induced early and delayed intestinal injury
using a fibrinogen knock-out mouse model.
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Applications

Fibrinogen may represent a novel target to reduce intestinal damage in patients
undergoing abdominopelvic radiotherapy or in case of accidental or intentional
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AIM
To evaluate the frequency of Helicobacter pylori (H.
pylori ) CagA antibodies in H. pylori infected subjects
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and to identify potential histopathological and bacterial
factors related to H. pylori CagA-immune response.

infection.

METHODS
Systematic data to H. pylori isolates, blood samples,
gastric biopsies for histological and molecular analyses
were available from 99 prospectively recruited
subjects. Serological profile (anti-H. pylori , anti-CagA)
was correlated with H. pylori isolates (cagA , EPIYA,
vacA s/m genotype), histology (Sydney classification)
and mucosal interleukin-8 (IL-8) mRNA and protein
expression. Selected H. pylori strains were assessed for
H. pylori CagA protein expression and IL-8 induction in
co-cultivation model with AGS cells.

Link A, Langner C, Schirrmeister W, Habendorf W, Weigt J,
Venerito M, Tammer I, Schlüter D, Schlaermann P, Meyer TF,
Wex T, Malfertheiner P. Helicobacter pylori vacA genotype is a
predominant determinant of immune response to Helicobacter
pylori CagA. World J Gastroenterol 2017; 23(26): 4712-4723
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i26/4712.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
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INTRODUCTION

RESULTS
Thirty point three percent of microbiologically confirmed
H. pylori infected patients were seropositive for CagA.
Majority of H. pylori isolates were cagA gene positive
(93.9%) with following vacA polymorphisms: 42.4%
vacA s1m1 , 23.2% s1m2 and 34.3% s2m2 . Anti-CagAIgG seropositivity was strongly associated with atrophic
gastritis, increased mucosal inflammation according
to the Sydney score, IL-8 and cagA mRNA expression.
VacA s and m polymorphisms were the major
determinants for positive (vacA s1m1) or negative (vacA
s2m2) anti-CagA serological immune response, which
also correlated with the in vitro inflammatory potential
in AGS cells. In vitro co-cultivation of representative H.
pylori strains with AGS cells confirmed functional CagA
translocation, which showed only partial correlation
with CagA seropositivity in patients, supporting vacA as
major co-determinant of the immune response.

Infection with Helicobacter pylori (H. pylori) causes
chronic inflammation of the gastric mucosa with
progression to severe complications in a subset of
[1-3]
patients . The determinants for the magnitude of
inflammation and progression to complication include
H. pylori with its bacterial virulence factors, host
genetic background and environmental factors. H.
pylori virulence factors facilitate colonization (urease,
flagella and catalase) and induce inflammation (OipA,
NapA, DupA, IceA, VacA and CagA) of the gastric
[4,5]
mucosa . CagA and VacA are the most relevant proinflammatory factors and are closely related to peptic
[6-9]
ulcer disease (PUD) as well as gastric cancer (GC) .
CagA is the principal protein encoded in the complex
of the cytotoxin associated gene pathogenicity island
(cag PAI), which is shuttled from H. pylori into gastric
epithelial cells through the type Ⅳ bacterial secretion
[7,8]
system . Intracellularly, CagA undergoes tyrosine
phosphorylation by Src and Abl kinases to interact
with several host proteins, influence their activity and
subsequently alter morphological properties of the
[10-13]
host cells
. CagA protein stimulates expression of
inflammatory cytokine interleukin-8 (IL-8) in gastric
epithelial cells by activating nuclear factor-kB and leads
[14]
to increased inflammation of the gastric mucosa .
Overall, H. pylori cagA+ strains are associated with
an increased risk of gastric cancer compared to cagA[15]
strains . The oncogenic role of CagA is further
supported by in vivo experiments in mice, where
transgenic cagA expression in stomach leads to gastric
epithelial hyperplasia, adenocarcinoma, myeloid
[16]
leukemia and B-cell lymphoma .
One of the interesting features related to CagA is
the induction of a systemic immune response to CagA
[17]
and this in fact led to the discovery of this protein .
Infection with cagA+ strains and serological detection
of anti-CagA antibodies have been associated with
[18,19]
increased risk for PUD as well as for GC
. A metaanalysis of 16 studies concludes that seropositivity for
anti-CagA-IgG is associated with a 2.87-fold higher
[20]
risk for gastric cancer development . In earlier
[21]
studies, Ando et al
found a significant correlation
between anti-CagA-IgG and IL-8 expression in biopsy
culture supernatant and described an association of

CONCLUSION
Serological immune response to H. pylori cagA + strain
in H. pylori infected patients is strongly associated
with vacA polymorphism, suggesting the crucial role of
bacterial factors in immune and clinical phenotype of
the infection.
Key words: Helicobacter pylori ; Seropositivity; Virulence
factors; CagA; VacA; Immune response
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Helicobacter pylori (H. pylori ) related diseases
are commonly associated with cagA+ strains, although
seropositivity against CagA varies among different
studies. In this prospective study, we evaluated
potential factors related to the H. pylori CagA-immune
response. We show that anti-CagA-IgG seropositivity
was strongly associated with histopathological and
inflammatory factors. Most importantly, we identified
H. pylori vacA polymorphism as one of the main
determinants of immune response to CagA and inflam
matory potential of H. pylori strains ex vivo and in vitro .
Our data support the crucial role of bacterial factors
that co-determine the complex interaction with H. pylori
and define the immune and clinical phenotypes of the
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anti-CagA-IgG with increased neutrophil infiltration
and H. pylori density. Therefore, it has been suggested
that screening for the cagA status of H. pylori may
provide an additional advantage for identifying patients
[20]
at high risk for gastric cancer development . How
ever, low levels of anti-CagA-IgG in subjects infected
[22,23]
with cagA+ strains have been reported
. H. pylori
IgG seroprevalence in a large study in our center was
44.4%, and proportion anti-CagA-IgG positive was
[22]
43.3% . In another prospective study on patients
undergoing screening colonoscopy, we observed an
even lower proportion (36.6%) of anti-CagA-IgG
[23]
positivity . In studies performed in various geographic
regions of the world the CagA-seropositivity ranges
[22-24]
from 35% to 80%
. The low number of CagAseropositivity in spite of the high prevalence of H.
pylori cagA+ strains has not been explained. At
present only few studies addressed this observation,
[25-27]
however, systematic data are not yet available
.
In the present prospective study, we aimed to identify
the factors related to serological reactivity or immune
response to CagA.

fixation, slides were stained with hematoxilin, eosin,
PAS and modified Giemsa stain for H. pylori detection.
Gastric cancer tumor tissues were characterized
according to the International Classification of Diseases
for Oncology and Lauren criteria.

Serological assessment of anti-H. pylori IgG and antiCagA-IgG

Serological assessment for H. pylori was performed
using H. pylori IgG ELISA Kit (Biohit, Helsinki, Finland)
and CagA IgG ELISA Kit (GENESIS Diagnostics,
Cambridgeshire, Great Britain). Both tests exhibited
a high sensitivity for detection of H. pylori infection in
our region and have been validated in multiple studies
[22,23]
in the past
. All tests were performed according to
manufacturer’s instructions with internal and external
validation. Cut-off values for positive testing were ≥
30.0 EIU or ≥ 6.25 U/mL for H. pylori IgG ELISA and
CagA IgG ELISA, respectively. To confirm the data on
anti-CagA-IgG we performed immunoblot testing using
®
Helicobacter ViraStripe IgG immunoblot (Viramed
Biotech AG, Planegg, Germany). The test result was
considered positive if following criteria were fulfilled:
quantitative evaluation of the blots using an auto
mated scanning system provided by the manufacturer
(positivity values ≥ 80% in comparison to control), and
two researchers independently and blinded to results,
confirmed the positivity.

MATERIALS AND METHODS
Study design

In a prospective study 413 patients were recruited
between July 2011 and April 2014. Among those, 99
patients (98 patients of European descent) in total
fulfilled the inclusion criteria such as microbiologically
confirmed H. pylori infection with successful isolation
and characterization of H. pylori strains and known
H. pylori anti-CagA status (Figure S1). Patients, with
current or past history of non-gastric cancers or
stomach surgery, acute bleeding, oral anticoagulation,
immunosuppressive or antibiotic therapy (within the
last 2 wk before entering the study) were excluded.
The study was conducted according to the “World
Medical Association Declaration of Helsinki - Ethical
Principles for Medical Research Involving Human
Subjects” and approved by the ethical board of the
Otto-von-Guericke University (Study Number 80/11).
All patients provided written informed consent. Blood
samples were drawn and systematic biopsy protocol
was completed during upper GI endoscopy at the
Department of Gastroenterology, Hepatology and
Infectious Diseases at the Otto-von-Guericke University
of Magdeburg, Germany.

H. pylori cultivation

Gastric biopsies were collected in 1.5 mL 0.9 vol%
isotonic sodium chloride solution (Berlin-Chemie AG,
Berlin, Germany) and immediately transported to the
Institute of Medical Microbiology for further cultivation.
Cultivation and identification of H. pylori was per
[30]
formed as described previously . Positive cultures
were harvested in 0.9 vol% isotonic sodium chloride
solution, centrifuged at 13.000 rpm for 3 min and cell
pellets were stored at -30 ℃ until further analysis.

Cell culturing with H. pylori

Six days before the experiment, frozen stocks of
several H. pylori isolates from patients were inoculated
on Columbia-agar-based medium that contained 10
vol% washed human erythrocytes and 10 vol% heat
inactivated horse serum (purchased from the NRZ,
Nationales Referenzzentrum Helicobacter Freiburg,
Germany). Bacteria were cultivated under microae
®
rophilic conditions at 37 ℃. The strain H. pylori ATCC
BAA-1606™ (BCM300) was cultivated on selective
agar plates (bioMérieux, Marcy l’Etoile, France) under
the same conditions. After 3 d bacteria were removed
into PBS and cultivated on fresh agar plates for
another three days under the same conditions. For the
experiments, bacteria were re-suspended in PBS (with
2+
2+
Ca and Mg ) and concentration (bacteria/mL) was
determined by measuring the optical density (λ = 580
nm). To check bacteria for viability, suspensions were

Biopsy protocol and histopathological assessment

During upper GI endoscopy, biopsies from antrum
and corpus were collected for microbiology cultivation
of H. pylori, rapid urease test (CLOtest, Kimberly
Clark, United States), histological assessment and
further molecular analyses. Histological evaluation
was performed according to the updated Sydney
protocol from five biopsies (two from each antrum and
[28,29]
corpus and one from incisura angularis)
. Following
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inspected microscopically for motility and shape.
AGS cells (CRL-1739; American Type Culture
Collection-ATCC) were maintained in RPMI 1640 (Life
Technologies, Carlsbad, CA, United States) with 10%
Fetal Calf Serum, 100 U/mL Penicillin, 100 µg/mL
streptomycin, and 100 µg/mL gentamycin (PAA,
Cölbe, Germany) at 37 ℃ and 5% CO2. Twentyfour hours prior to infection experiments, cells were
seeded in 6 well plates at a concentration of 300000
cells/mL in the same medium as mentioned above.
Four hours prior infection, medium was removed,
2+
cells were washed twice with PBS without Ca and
2+
Mg (Life Technologies, Carlsbad, CA, United States)
and fresh antibiotic free medium was added. One well
was harvested by trypsination (5 min, 37 ℃) and cell
number was determined. Cells were infected with H.
pylori at a “multiplicity of infection” of 100 for 24 h.
Cell culture supernatant was removed, centrifuged
at 13.000 rpm for 5 min and transferred into a new
reaction tube. After cells were washed twice with PBS,
cells were harvested, washed with PBS and cell pellet
was stored at -80 ℃ until further analysis.

reaction volume with 500 ng of total RNA of H. pylori
or 1 µg RNA of antrum biopsies. CagA and glmM
mRNA of H. pylori and β-actin with IL-8 of gastric
tissue and AGS cells was determined with quantitative
real-time PCR (qRT-PCR) using the CDX96-Cycler
(BioRAD, Munich, Germany). A single 30 µL reaction
contained 15 µL QuantiTect SYBR Green PCR Master
Mix (QIAGEN, Hilden, Germany), 13.4 µL RNase-free
water, 0.2 µL of each forward and reverse primer (50
µmol/L) and 1.2 µL H. pylori or antrum cDNA. For qRTPCR programs see above (qualitative PCR program).
Annealing temperature and primers are shown in
supplementary data (Table S1). Quality of qRT-PCR
products was verified by melt curve analysis and
agarose gel electrophoresis (see above). Expression
-ΔCt
data were analyzed using the 2 method.

CagA expression in vitro using Western blotting

Cell pellets were mixed with 2x Laemmli buffer (4%
SDS, 20% glycerol, 120 mmol/L Tris-Cl (pH 6.8)
and 0.02% bromphenol blue) and boiled for 10 min
at 95 ℃. Thereafter, samples were separated using
10% SDS-polyacrylamide gel and transferred to a
polyvinylidene difluoride membrane. Membranes were
blocked with TBS buffer and incubated with antibodies
[31]
as previously described .

Genomic DNA extraction of H. pylori and PCR methods

DNA extraction of H. pylori was performed using
DNA Mini Kit (Qiagen, Hilden, Germany) following
manufacturer’s recommendations. Amplification of DNA
was done in a T3 Thermocycler machine (Biometra,
Goettingen, Germany) with 15 µL HotStar Taq Plus
DNA Polymerase Mix (Qiagen, Hilden, Germany),
11.6 µL RNase-free water, 0.2 µL of each forward and
reverse primer (50 µmol/L) and 3 µL H. pylori DNA.
Seven primer sets were used for the study: cagA,
EPIYA, vacA s, vacA m, glmM, cagE and virB11. The
primer sequences and size of product are shown in
Table S1. The reactions were carried out as follows:
enzyme activation at 95 ℃ for 15 min, 40 cycles of
denaturation at 95 ℃ for 30 s, annealing for 30 s,
extension at 72 ℃ for 1 min followed by final extension
at 72 ℃ for 10 min PCR products were analyzed
by agarose gel electrophoresis, ethidium bromide
staining and Hyperladder IV (Bioline, Luckenwalde,
Germany) as molecular weight marker. E.A.S.Y RH
system (Herolab, Wiesloch, Germany) was used for gel
imaging.

IL-8 quantification using ELISA

Interleukin 8 (IL-8) concentration in AGS co-culture
supernatants was determined with quantitative sand
®
wich enzyme-linked immunoassay (Quantikine
ELISA, R and D Systems, Abingdon, United Kingdom)
according to manufacturer´s recommendations. Results
are displayed in pg/mL.

Statistical analysis

Statistical analysis was performed using GraphPad
Prism 6 (GraphPad Software Inc., La Jolla, CA, United
2
States). All data are presented as mean ± SD. χ test
and Fisher´s exact test were used for contingency
tables. The Mann-Whitney U-test and the KruskalWallis analyses of variance were used to analyze the
statistical significance for two unpaired groups or
multiple groups, respectively. Post hoc analyses were
performed using Dunn’s multiple comparison tests.
Correlation analyses were performed using Spearman’s
test. Two-sided P-values < 0.05 were considered as
statistically significant.

Extraction of total RNA and quantitative RT-PCR

H. pylori total RNA was extracted using RNeasy
Protect Bacteria Reagent and RNeasy Mini Kit
(QIAGEN, Hilden, Germany) following manufacturer’s
recommendations. Total RNA of gastric specimens and
AGS cells was isolated using RNeasy Plus Universal
Mini Kit (QIAGEN, Hilden, Germany) following the
manufacturer’s recommendations (without gDNA Elimi
nator Solution). RNA concentration was determined
spectrophotometrically by measuring absorbance at
260/280 nm (Biophotometer, Eppendorf, Hamburg,
Germany). cDNA synthesis was performed in a 40 µL
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RESULTS
Clinical characteristic of patients with and without
CagA-IgG

From 99 patients with successful cultivation of H.
pylori from the stomach, 30 (30.3%) patients had
positive anti-CagA-IgG serology. First, we questioned
if CagA-IgG seropositive and seronegative groups
may have a difference in clinical phenotype. Clinical
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Table 1 Characteristics of patients with active Helicobacter pylori infection regarding patient’s CagA-IgG status n (%)
H. pylori + CagA-IgG-

Total
Total
Gender
Female
Male
Age
mean ± SD
H. pylori status
Anti-H.pylori-IgG+
Anti-CagA-IgG+
mean CagA-IgG EIU
Culture+
Histology+
Clinical phenotype
Chronic active Gastritis (any severity)
Chronic non-active Gastritis (grade > 2)1
Corpus predominant gastritis
Antrum-/pangastritis
Chronic atrophic gastritis (any severity)
Chronic atrophic gastritis (> 2/3)1
Intestinal metaplasia (any)
Gastric cancer
PUD or MALT-Lymphoma (any)
Normal mucosa (no PMNs and ≤ 1 chronicity)1

H. pylori + CagA-IgG+

P value

99

69 (69.7)

30 (30.3)

72
27

51 (73.9)
18 (26.1)

21 (70)
9 (30)

54.1 ± 14.1

53.7 ± 13.7

55.1 ± 15.0

NS

93
30

29 (96.7)
30 (100)
39.6.5 ± 31.1
30 (100)
24 (80)

NS

99
79

64 (92.8)
1.5 ± 1.7
69 (100)
55 (79.7)

92
7
5
87
46
28
23
6
5
4

63 (91.3)
6 (8.7)
0 (0)
63 (91.3)
25 (36.2)
14 (20.3)
12 (17.4)
2 (2.9)
4 (5.8)
4 (5.8)

NS

29 (96.7)
1 (3.3)
5 (16.7)
24 (80)
21 (70)
14 (46.7)
11 (36.7)
4 (13.3)
1 (3.3)
0 (0)

< 0.0001
NS
NS
NS
NS
0.0020
NS
0.0023
0.014
0.068
0.056
NS
NS

1

Score based on the Sydney classification. NS: Not significant, P > 0.05. PUD: Peptic ulcer disease; PMNs: Polymophonuclear neutrophils.

and demographical data are presented in Table 1.
Among different histological conditions, corpus pre
dominant gastritis and chronic atrophic gastritis
were more frequently found in the group of patients
with seropositivity for anti-CagA-IgG. More patients
with chronic non-active gastritis or patients without
any inflammation were found in the anti-CagA-IgG
negative group, suggesting the weaker Inflammation
related to H. pylori infection. With further focus on
the clinical phenotype, we observed a slightly higher
polymophonuclear neutrophil infiltration in corpus and
a more severe atrophy with intestinal metaplasia in
antrum of patients with anti-CagA-IgG based on the
mean Sydney Scores for corpus and antrum separately
(Figure 1). No difference in H. pylori-IgG antibody titer
or H. pylori density was found histologically between
those groups.

factors. Correlation analyses between the H.pyloriIgG and CagA-IgG titers did not reveal any correlation
(Figure 2A).
Next, we speculated that CagA immune response
may be further dependent on successful transcription
of cagA mRNA. All strains in CagA-IgG+ group showed
moderate or high cagA mRNA expression. At the same
time 34 (56.7%) patients of the CagA-IgG-group had
also positive cagA mRNA expression. We questioned
if differences in EPIYA motifs or a missing Type Ⅳ
secretion system could have an impact on production
of CagA-IgG. A large proportion of the patients had an
evidence for H. pylori with mixed EPIYA motifs and no
specific differences were observed among CagA-IgG
positive and negative groups (Table 2). As a surrogate
for the presence of cagA pathogenicity island and
type Ⅳ secretion system, we examined cagE (cagPAI
marker) and virB11 (T4SS marker) expression in 54
patients of the cagA+ and CagA IgG negative group.
CagE was detectable in all tested H. pylori isolates,
while only one strain was negative for virB11 (data not
shown) further excluding the potentially missing T4SS.
It is well known that VacA and CagA are the main
pro-inflammatory bacterial factors. It has been earlier
hypothesized that vacA polymorphism may also be
[25]
related to CagA seropositivity . As shown in Table 2, all
of the strains from patients with immune response had
H. pylori with vacA s1 subtype (with m1 76.7% and
2
m 23.3%). None of the patients with s2m2 showed
CagA seropositivity. In support, the level of anti-CagAIgG were higher and more frequent positive in vacA
s1m1 (50%) and vacA s1m2 (36.8%) compared to
vacA s2m2 (0%), further suggesting the importance

Characteristics of H. pylori strains in patients with and
without anti-CagA-IgG

It has been previously suggested that immune response
to CagA may be dependent on H. pylori strain chara
cteristics and its virulence factors. As expected all
six patients in CagA-IgG- group had cagA-strains.
All strains from patients with CagA-IgG+ had cagA+
strains (Table 2). To evaluate if studied patients show
immune response to H. pylori we compared CagA-IgG
in both groups. We found that seropositivity against
H. pylori was present in most of cases in 64 (92.8%)
and 29 (96.7%) patients without and with antiCagA-IgG, respectively, suggesting that the majority
of patients are immunologically capable of showing
the serological response to H. pylori or its virulence
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Table 2 Characteristics of Helicobacter pylori strains in CagA
IgG dependent status of the host n (%)
Total
Total
cagA gene1
Positive
Negative
cagA mRNA2
Positive
Negative
EPIYA motifs
Negative
AB
ABC
ABCC
ABCCC
Mixed
VacA-IgG1,3
vacA subtype1
s1
s2
m1
m2
s1m1
s1m2
s2m2

99

H. pylori +
CagA-IgG69 (69.7)

H. pylori +

CagA-IgG+

Table 3 Validation of CagA expression and cellular trans
location in AGS cells

P value
ID

30 (30.3)
NS

93
6
87
61
26

63 (91.3)
6 (8.7)
60
34 (56.7)
26 (43.3)

30 (100)
0
27
27 (100)
0 (0)

5
4
33
7
2
48

5 (7.2)
2 (2.9)
21 (30.4)
6 (8.7)
1 (14.5)
34 (49.3)
8 (13.1)

0
2 (6.7)
12 (40)
1 (3.3)
1 (3.3)
14 (46.7)
5 (18.5)

35 (50.7)
34 (49.3)
19 (27.5)
50 (72.5)
19 (27.5)
16 (23.2)
34 (49.3)

30 (100)
0
23 (76.7)
7 (23.3)
23 (76.7)
7 (23.3)
0

BCM300
117
6
255
13/1
46
89
424
21
321
374
342
314
450

< 0.0001

NS

65
34
42
57
42
23
34

NS
< 0.0001

+
+
+
+
+
+
+
+
+
+
+
+
-

+
+
+
+
+
+
+
+
+
+
-

s1m1
s1m1
s1m1
s1m1
s1m1
s1m1
s1m2
s1m2
s1m1
s2m2
s2m2
s2m2
s1m2
s1m2

+
+
+
-

+
+
+
+
+
+
+
-

In vitro
AGS +

H.pylori
CagA
+
+
+
+
+
+
+
-

AGS +

H.pylori
p-CagA
+
+
+
+
-

AGS cells co-cultivated in similar conditions without Helicobacter pylori
were considered as negative control. Strains were characterized based
on cagA DNA/RNA/cagA-IgG seropositivity of the host and vacA
polymorphism. “+”: positive and “-“: negative expression. p-CagA and
CagA: Phosphorylated p-CagA and total CagA protein expression in vitro.

< 0.0001
< 0.0001

did not correlate with IL-8 expression suggesting that
host serological immunotype/phenotype does not
correlate with in vitro potential of H. pylori to induce
inflammation (Figure 3D). IL-8 mRNA expression in
AGS cells correlated significantly with IL-8 expression
in supernatant (Figure S2A), and we observed identical
pattern for IL-8 release in supernatant of AGS cells in
confirmation of the results (Figure 3B-D).
The inflammatory potential of H. pylori cagA+
strains showed relatively high distribution suggesting
other bacterial factors potentially responsible for the
observation. Therefore, we questioned whether vacA
s and m polymorphisms may correlate with inflam
matory potential of H. pylori in vitro. Strains with
vacA s1 induced higher IL-8 mRNA (Figure 4) and
IL-8 expression in supernatant; however, the highest
difference was related to vacA m polymorphism with
highest values for vacA m1 compared to vacA m2.
This data further confirms the highest inflammatory
potential defined by IL-8 expression of vacA s1m1
compared to vacA s1m2 or s2m2 (Figure S2B and C).

1

Six patients with evidence for different/mixed cagA +/cagA - or vacA
strains in corpus and antrum have been included to the potentially more
pathogenic group for simplicity; 2RNA analyses were possible only in
87 patients/strains; 3Eighty-eight samples were available for VacA-IgG
analyses. NS: Not significant, P > 0.05.

of H. pylori vacA virulence factor in immune response
(Figure 2B).

H.pylori-induced inflammation in mucosa and in vitro
model

CagA with functional TSS4 is known to induce IL-8 in
vitro and in vivo. Having shown increased histological
inflammation in subjects with anti-CagA-IgG, we
questioned if this may correlate with H. pylori-related
cytokine IL-8 in antrum mucosa. Independently of
histological phenotype, IL-8 was significantly higher
(about 2 fold) in patients with anti-CagA-IgG+
compared to anti-CagA-IgG- patients with CG (0.0082
± 0.009 vs 0.0048 ± 0.004, P = 0.026) (Figure 3A).
This, however, was not the case in mucosa from
patients with GC and PUD, although the number of the
patients was very small. We observed no correlation
between IL-8 expression in mucosa and the level of
anti-CagA-IgG. To confirm those strain-dependent
observations, we performed in vitro analyses using
H. pylori co-culture with AGS cell line. We randomly
selected H. pylori strains with different strain chara
cteristics including cagA mRNA expression, CagAIgG and vacA polymorphisms (Table 3). As expected,
cagA+ stains and strains with cagA mRNA expression
induced slightly higher IL-8 mRNA expression compared
to controls (AGS without H. pylori) and cagA- strains
(Figure 3B and C). However, anti-CagA-IgG positivity
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Strain characterization
CagA- vacA H.pylori
DNA RNA
IgG
CagA

cagA cagA

CagA expression in vitro

Having shown that multiple factors may be related to
seropositivity to CagA, we questioned if the H. pylori
strains indeed a capable of expression of functional
CagA protein (including its phosphorylated form)
in AGS cells. For this purpose, we performed CagA
Western blotting using bacterial pellets and AGS cells
co-cultivated with H. pylori (Table 3). As expected,
we found that the majority of H. pylori cagA+ strains
with vacA s1m1 polymorphism indeed were capable
of CagA protein expression independently to antiCagA-IgG positivity in host (Table 3). This provides
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Figure 1 Difference in Sydney score and Helicobacter pylori seropositivity in patients with and without anti-CagA-IgG. Mean histological scores ± SD. A:
Activity; B: Chronicity, C: Atrophy; D: Intestinal metaplasia are shown; E: Anti-Helicobacter pylori IgG; F: anti-CagA-IgG titer were evaluated using ELISA; Statistical
analyses were performed using Mann-Whitney test.

an additional level of evidence that anti-CagA-IgG
is dependent on various bacterial and probably host
factors but may not be useful as a biomarker for lesser
pathogenic H. pylori infection.

(ViraStripe CagA-IgG Blot) was positive in some
patients without evidence for past or present H. pylori
infection and the lower specificity could be at least in
part be the explanation for the higher detection rate
(data not shown).

Validation of CagA-IgG data

For the analysis of IgG response against CagA, we
[22,23]
used well established ELISA-based method
.
To confirm these results and to further evaluate
seropositivity, we performed an independent analysis
using Immunoblot based method to evaluate the
®
seropositivity. Helicobacter ViraStripe IgG Kit
includes, besides CagA, also various other Antigenpreparations such as VacA, p90, UreA, etc. Overall,
there was a strong correlation between the two tests
[r = 0.722 (95%CI: 0.6-0.81), P < 0.0001] (Figure
S3A). All samples with positivity in anti-CagA-IgG
ELISA test (Omega Genesis) showed very strong
signal in immunoblot with values above 200 (Figure
S3B). However, there were also several samples with
positive signal in immunoblot and low values in ELISA,
suggesting that certain samples with anti-CagA-IgG
could be probably missed due to methodological issues
(Figure S3C). However, the immunoblot-based method
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DISCUSSION
A substantial number of patients infected with H.
pylori cagA-positive strains do not develop systemic
immune response to CagA. In this study, we performed
prospective and systematic analysis of H. pylori and its
virulence factors CagA and VacA to find the explanation
for the missing CagA-seropositivity. We confirm that
the seroprevalence of CagA in unselected population
with microbiologically confirmed H. pylori infected
patients is low despite the high prevalence of H.
pylori cagA+ strains. Following multilevel analyses,
we found that among various potential factors vacA
polymorphism is the most important factor associated
with anti-CagA-IgG seropositivity.
The anti-CagA-seropositivity varies between
different regions with highest prevalence in Asian
countries and lowest in Europe. While earlier data
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Figure 2 Correlation between anti-CagA-IgG and anti-Helicobacter pylori IgG and vacA s/m polymorphisms. A: Quantitative values for anti-Helicobacter
pylori IgG and anti-CagA-IgG were correlated in patients with positive serology (n = 30) using Pearson’s test; B: Patients with available data to vacA s1/2m1/2
polymorphisms were divided in subgroups dependent on s/m subtype. Anti-CagA-IgG values were sorted in increasing order. Dotted line shows the cut-off for
seropositivity of the test (6.25 U/mL).

suggested correlation between cagA gene and
seropositivity against CagA, our data showed that
[22,23,32]
only 36%-43% patients had anti-CagA-IgG
. In
a recent work from Blaser´s group, the prevalence of
anti-CagA-IgG in a large cohort of children in Europe
[33]
was 32% . The data from those studies confirm
the low seropositivity in a European population with
seropositivity for anti-CagA-IgG of microbiologically
confirmed H. pylori cagA+ infected subjects.
Experience from H. pylori vaccine trials suggests
that an immune response to CagA is a common event.
In the phase-Ⅰvaccine trials, intramuscular application
of CagA, VacA and NAP induced strong systemic
[34]
immune reactions measured via anti-CagA-IgG .
So, basically any contact of inflammatory cells with
CagA leads to antibody production in B-lymphocytes
following antigen presentation. The failure in CagA
presentation may happen during various steps of
infection such as defective CagA expression, missing
translocation due to T4SS system or missing or low
cell death related to H. pylori infection and according
low antigen presentation to immune cells. Indeed,
the majority of H. pylori strains from subjects with
anti-CagA-IgG exhibited mRNA expression in vitro,
while a subgroup of bacteria showed no or very low
cagA mRNA expression which further correlated
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with CagA protein expression the in vitro AGC cell
model. However, multiple factors related to host and
environment (for example low acidity, predisposition to
[35]
inflammation) may play very important role . Using
in vitro model, we confirmed that the inflammatory
potential of cagA positive strain was confirmed in
vitro using the classical co-cultivation model of AGS
cells and using CagA expression analysis in AGS cells
(Table 3). To the first, direct analyses of strains with
anti-CagA-IgG seropositivity did not reveal significant
difference in inflammatory potential measured by IL-8
in vitro, suggesting that other bacterial factors could
contribute to immune reaction. Second, co-cultivation
analysis using AGC cells confirmed from mRNA ex
pression showing that the multiple H. pylori strains
from patients with negative anti-CagA-IgG have fully
functional CagA and TSS4 (Table 3).
Increasing evidence highlights the role of vacA
[26]
polymorphisms in gastric diseases . Assessment of
H. pylori vacA and cagA genotypes and serological
host response earlier revealed the association with
[25]
vacA s1 . Systematic analyses of vacA subtypes in
background of anti-CagA-IgG have revealed crucial
dependency of seropositivity on H. pylori vacA s1m1
polymorphism in our cohort. The in vitro data highlight
the inflammatory potential of H. pylori strains with
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vacA s1m1 polymorphism. This observation is further
supported by data showing the dependency of apo
[36]
ptotic activity of H. pylori on vacA . This led us to
believe that the immune response to cagA may be
at least in part triggered by the effect of VacA on the
gastric mucosa. Therefore, the amount of inflammation
related to cell toxicity and apoptosis through VacA
may influence the interaction of cellular CagA with the
immune system and ultimately determine the immune
response. The interaction between VacA and CagA
has been in focus of several recent studies providing
evidence for complex interaction and showing that
VacA and CagA can counter-regulate or antagonize
[37,38]
each other and affect the host-bacteria interaction
.
Whether a host will develop an immune response
to an infection may be influenced by multiple factors.
The seroprevalence may typically change during the
course of infection, however, it only partially true for
H. pylori infection that shows relatively similar pattern
during the life-time starting with early infection to
death. We have previously shown that anti-CagA-IgG
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seropositivity was similar in different age groups (above
[22]
or below 30 years) from H. pylori positive subjects .
Recently, the similar serological pattern was shown
in children, where anti-CagA-IgG was positive in
[33]
32% despite the very young age . Based on this
observation, we speculate that the initial Infection with
H. pylori and according very first contact to CagA may
determine the serological status of the host, which will
then remain stable through the whole life until H. pylori
treatment, disappearance or death. In this regard, the
host factors and especially genetic predisposition may
play the very important role. Certain host factors such
as genetic polymorphism (exp. HLA) have previously
been suggested to be associated with susceptibility
[39]
or resistance to H. pylori infection . Furthermore,
nonfunctional TLR1 SNP 602S/S has been associated
[40]
with a reduced risk of H.pylori-induced gastritis .
Also, a genome-wide association study identified an
association between TLR1 and H. pylori seroprevalence
[41]
that could potentially explain the variation . However,
TLR1 is not the only candidate gene, and IL1-beta
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[42]

should be also considered as a potential determinant .
From the clinical perspective, our data support sig
nificant association of H. pylori CagA seropositivity and
corpus predominant gastritis, atrophic alterations in
gastric mucosa. However, the absence of anti-CagAIgG does not preclude the infection of individual with
the more virulent CagA positive H. pylori strain. Based
on the current data, the knowledge of individual antiCagA-IgG status does not allow any specific prognostic
clinically-relevant management in support of existing
[43,44]
recommendation
.
One of the limitations of our study is that due to
the low number of patients, we were unable to suitably
address the host related genetic factors. In the present
study, we focused on the systemic anti-CagA-IgG
production and the locally produced IgA response may
be an interesting target for evaluation. Even though
we could correlate CagA-IgG data from two different
tests, there still may be some difference related to
[25]
different techniques . Nevertheless, we observed the
best specificity with the ELISA kit while immunoblot
although had slightly higher sensitivity, it was also
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associated with high number of false positive results
(data not shown). Furthermore, even though the H.
pylori CagA-IgG positive and negative groups were
well balanced, the higher number of subjects were
female and potential gender specificity cannot be fully
excluded.
In summary, we show that seropositivity for CagA
in subjects with H. pylori infection is positive in one
third of H. pylori infected European population despite
the presence of CagA positive strain. The immune
response to CagA was associated with various bacterial
factors and most importantly with H. pylori vacA gene
polymorphisms. Our data support a crucial role of
bacterial and probably host-related factors that codetermine the complex interaction with H. pylori and
define the immunologic and clinical phenotypes of the
infection.
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AIM
To investigate the underlying effect of Jianpi Qingchang
decoction (JQD) regulating intestinal motility of dextran
sulfate sodium (DSS)-induced colitis in mice.
METHODS
C57BL/6 mice were randomly divided into four groups:
the control group, the DSS group, the JQD group, and
the 5-aminosalicylic acid group. Except for the control
group, colitis was induced in other groups by giving
distilled water containing 5% DSS. Seven days after
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modeling, the mice were administered corresponding
drugs intragastrically. The mice were sacrificed on the
th
15 day. The disease activity index, macroscopic and
histopathologic lesions, and ultrastructure of colon
interstitial cells of Cajal (ICC) were observed. The levels
of tumor necrosis factor-alpha (TNF-α), interleukin
(IL)-1β, IL-10 and interferon gamma (IFN-γ), the ex
pression of nuclear factor-kappa B (NF-κB) p65, c-kit,
microtubule-associated protein 1 light chain 3 (LC3Ⅱ) and Beclin-l mRNA, and the colonic smooth muscle
tension were assessed.

wjgnet.com/1007-9327/full/v23/i26/4724.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i26.4724

INTRODUCTION
Ulcerative colitis (UC) is a chronic intestinal disease,
and its clinical manifestations are associated with
the pathophysiological aspects of intestinal motility
[1,2]
disorders, such as diarrhea and tenesmus . Intestinal
motility disorders of UC can seriously impact the
quality of life (QOL) of patients due to the long disease
duration. At present, improving the QOL, inducing and
maintaining clinical remission and mucosal healing,
and preventing complications are together regarded as
[3]
the targets of UC treatments .
Previous clinical and experimental studies have
demonstrated that Traditional Chinese Medicine (TCM)
is advantageous in treating UC; its curative effect
is reliable, with less side effects and low recurrence
[4,5]
rate . Jianpi Qingchang decoction (JQD) was made
on the basis of the theory in TCM to treat UC. Previous
studies found that JQD could be used to treat patients
with initial or mild UC, improve their intestinal sym
ptoms, such as diarrhea, mucous bloody stool and
tenesmus, and regulate their systemic functional state,
[6,7]
such as fatigue, consequently improving their QOL .
Furthermore, JQD could up-regulate the expression
of peripheral blood mononuclear cell glucocorticoid
receptor-α to improve hormone-dependent status
[8]
to treat steroid-dependent UC . Besides, JQD could
suppress activation of the nuclear factor-kappa B (NFκB) signaling pathway and regulate the expression of
cytokines in dextran sulfate sodium (DSS)-induced
[9]
colitis in mice .
Recent investigations have demonstrated that
inflammation influences the morphology and structure
of interstitial cells of Cajal (ICC), leading to a variety
of changes in the physiological properties of the
neurons in the related circuitry, which then affects
[10]
gastrointestinal motility . Therefore, ICC have been
accepted as a therapeutic target for gastrointestinal
[11]
motility disorders . Defective autophagy has been
strongly linked to UC pathogenesis, with evidence
showing that enhancing autophagy may be thera
peutically beneficial by regulating inflammation and
[12,13]
clearing intestinal pathogens
.
The regulation of autophagy might be a potential
strategy for UC, which can be achieved by multi[14]
level and multi-path interference . Therefore, it was
essential to study relationships between intestinal
motility disorder of UC and autophagy of ICC, and
to explore upstream signaling pathway regulation
to strengthen or advance the beneficial autophagy
response, which might be beneficial in preventing
[15]
and treating intestinal dysmotility of UC . JQD could
improve the clinical symptoms of intestinal dysmotility,
such as diarrhea and tenesmus in patients with UC,

RESULTS
Acute inflammation occurred in the mice administered
DSS. Compared with the control group, the levels of
IL-1β, TNF-α, IL-10 and IFN-γ, the expression of LC3Ⅱ, Beclin-1 and NF-κB p65 mRNA, and the contractile
frequency increased (P < 0.05), the expression of
c-kit mRNA and the colonic smooth muscle contractile
amplitude decreased in the DSS group (P < 0.05).
Compared with the DSS group, the levels of IL-10 and
IFN-γ, the expression of c-kit mRNA, and the colonic
smooth muscle contractile amplitude increased (P <
0.05), the levels of TNF-α and IL-1β, the expression
of LC3-Ⅱ, Beclin-1 and NF-κB p65 mRNA, and the
contractile frequency decreased in the JQD group (P <
0.05).
CONCLUSION
JQD can regulate the intestinal motility of DSS-induced
colitis in mice through suppressing intestinal inflam
matory cascade reaction, reducing autophagy of ICC,
and regulating the network path of ICC/smooth muscle
cells.
Key words: intestinal motility; Interstitial cells of
Cajal; autophagy; ulcerative colitis; Jianpi Qingchang
decoction
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Interstitial cells of Cajal (ICC) lead to a
variety of changes in the physiological properties of
the neurons in the related circuitry, which then affects
gastrointestinal motility. Therefore, ICC have been
accepted as a therapeutic target for gastrointestinal
motility disorders. It is demonstrated in the current
study that Jianpi Qingchang decoction can regulate
the intestinal motility of dextran sulfate sodiuminduced colitis in mice through suppressing intestinal
inflammatory cascade reaction, reducing autophagy of
ICC, and regulating the network path of ICC/smooth
muscle cells.
Dai YC, Zheng L, Zhang YL, Chen X, Chen DL, Wang LJ, Tang
ZP. Jianpi Qingchang decoction regulates intestinal motility
of dextran sulfate sodium-induced colitis through reducing
autophagy of interstitial cells of Cajal. World J Gastroenterol
2017; 23(26): 4724-4734 Available from: URL: http://www.
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Table 1 Composition of Jianpi Qingchang decoction
Chinese name
Zhi Huang Qi
Huang Lian
Dang Shen
Ma Chi Xian
Sheng Di Yu
San Qi
Bai Ji
Mu Xiang
Sheng Gan Cao

Latin name

English name

Quantity in g

Radix astragali
Coptis chinensis
Codonopsis pilosula
Portulaca oleracea L
Radix sanguisorbae
Panax notoginseng
Bletillae rhizoma
Radix aucklandiae
Radix glycyrrhizae

Milkvetch root
Coptis root
Pilose Asiabell root
herba portulacae
Garden Burnet root
Notopterygium root
Tuber Bletillae
Common Vladimiria root
Licorice root

30
3
15
30
15
6
3
6
6

[6,7]

[17,18]

but the specific mechanisms remain unclear . The
aim of the present study was to investigate the effects
of JQD on intestinal motility of DSS-induced colitis in
mice.

mass of the mice
. The control group and the DSS
group mice were administered 0.5% CMC solution
intragastrically. The JQD group mice were administered
JQD solution (17.1 g/kg per day) and the 5-ASA group
mice were administrated 5-ASA solution (100 mg/kg
[19]
per day) intragastrically .
The color, activity, feces condition, weight, and
eating volume of mice were observed daily during
modeling and drug administration. FOB was tested,
and the severity of colitis was assessed daily using
the disease activity index (DAI), which was calculated
by grading on a scale of 0 to 4 using the following
parameters: loss of body weight (0: normal; 1:
0%-5%; 2: 5%-10%; 3: 10%-15%; 4: > 15%), stool
consistency (0: normal; 2: loose stools; 4: watery
diarrhea) and FOB (0: negative; 2: positive; 4: gross
[20]
bleeding) .

MATERIALS AND METHODS
Materials

DSS (MW 36000-50000; MP Biomedicals, Santa
Ana, CA, United States); the nine medicinal herbs
of JQD raw powder, as shown in Table 1 (Pharmacy
Department, Longhua Hospital affiliated to Shanghai
University of TCM, Shanghai, China) dissolved in
0.5% carboxymethylcellulose sodium (CMC) solution;
mesalazine [5-aminosalicylic acid (5-ASA); Sunflower
Pharmaceutical Group, Jiamusi Lu Ling Pharmaceutical
Co., Ltd., Liaoning, China; batch number: 111206],
external coat removed, broken down, and dissolved in
0.5% CMC solution; fecal occult blood (FOB) (Huashen
gyuan Medical Science and Technology Co. Ltd., Beijing,
China); tumor necrosis factor-alpha (TNF-α), interleukin
(IL)-1β, IL-10 and interferon gamma (IFN-γ) ELISA kits
(eBioscience, San Diego, CA, United States); NF-κB
antibody (Cell Signaling, Danvers, MA, United States);
primer synthesis kit (Yushen Bio-Technique Co. Ltd.,
Shanghai, China).

Tissue collection

After the drug administration for 14 d, the mice in
each group were sacrificed and colon tissues (from the
ileocecal junction to the anal verge) were collected. The
general form of colon tissues was observed, and the
length was recorded. The colon tissues were cut into
three sections. One part was tiled on the filter paper,
fixed at the two ends by pins, and then fixed in 4%
liquor formaldehyde for hematoxylin and eosin (H and E)
staining and in 2.5% glutaraldehyde for transmission
[21]
electron microscopic (TEM) observation . One part
was cut into smooth muscle strips (2 mm wide and 10
mm long) for determining tension. The other tissues
were packaged using aluminized paper, put into liquid
nitrogen, and stored at -80 ℃ before being used for
ELISA, western blotting, and mRNA analyses.

Colitis model construction and treatment

Specific pathogen-free C57BL/6 6- to 8-wk-old male
mice (weight, 25 ± 3 g) were purchased from Shanghai
Xierpu-Bikai Bio-Technique Co. Ltd. [Certificate
No. SCXK(Hu)2013-0016]. All experiments were
approved by the local ethics committee for Animal
Research Studies at the Shanghai University of TCM
(SZY20151002). Forty-six mice were randomly divided
into four groups: the control group (n = 10), the DSS
group (n = 12), the JQD group (n = 12), and the 5-ASA
group (n = 12). Except for the control group, colitis
was induced in the other groups by giving distilled
[16]
water containing 5% (w/v) DSS .
Seven days after modeling, the mice were admini
stered corresponding drugs intragastrically for 7 d. The
intragastric administration dose of the mice in each
group was calculated according to the conversion factor
of experimental animals and clinical administration
dose, which was 0.2 mL/(10 g•d) according to the body
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TEM

Colon tissues were doubly fixed with glutaraldehyde
and osmic acid, dehydrated with gradients of ethyl
alcohol and acetone, embedded and saturated, sliced
into ultrathin sections (thickness, 50-60 nm), and
doubly stained with uranyl acetate and lead citrate.
The structure of ICC and autophagosomes were
observed by TEM (Philips, Eindhoven, Netherlands).

ELISA

Colons were weighed and homogenized in 1 mL of ice-
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of the target genes was analyzed by the

Table 2 Polymerase chain reaction primers’ gene sequences
Target
gene

Primer sequence

c-kit

Forward: AGGCTATCCCTGTTGTGTCTG
Reverse: ACATGGAGTTCACGGATGTAGA
LC-3II
Forward: TTATAGAGCGATACAAGGGGGAG
Reverse: CGCCGTCTGATTATCTTGATGAG
Beclin-1
Forward: ATGGAGGGGTCTAAGGCGTC
Reverse: TCCTCTCCTGAGTTAGCCTCT
GAPDH
Forward: AGGTCGGTGTGAACGGATTTG
Reverse: TGTAGACCATGTAGTTGAGGTCA

Ct method.

PowerLab analysis

Product
length in bp

Colon smooth muscles from mice were perfused with
Krebs (mmol/L: NaCl 8 g, KCl 0.2 g, MgSO4•7H2O 0.26
g, NaH2PO4•2H2O 0.065 g, NaHCO3 1 g, CaCl2 0.2 g,
glucose 1 g; 37.5 ± 0.5 ℃, pH 7.3-7.4) bubbled with
[22,23]
97% O2-3% CO2
. One end of the smooth muscle
strip was fastened to the tension converter in the bath
of the perfusion system of isolated tissue, and the
other end was fastened to the hook at the bottom of
the bath. The load was 1.0 g, and the balance time
was 30 min. After the spontaneous contraction of the
smooth muscle strips became steady, electrical signals
were recorded with a PowerLab 8/30 (ADInstruments,
Bella Vista, Australia) and the contractile amplitude
and frequency were analyzed every 5 min.

111
109
197
123

cold RIPA lysis buffer containing 1% protease inhibitor
cocktail and 1% phosphatase inhibitor cocktail. The
lysate was centrifuged (15000 × g, 4 ℃) for 15 min,
and the supernatant was used for TNF-α, IL-1β, IL-10
and IFN-γ analyses. The levels of TNF-α, IL-1β, IL-10
and IFN-γ in colons were measured by commercial
ELISA kits following per manufacturer’s instructions,
respectively.

Statistical analysis

One-way ANOVA was used to analyze the data
expressed as mean ± SD for comparison between
multiple groups and least significant difference t-test
for internal group comparison. All statistical analyses
were performed using SPSS version 18 (SPSS Inc.,
Chicago, IL, United States). The threshold of statistical
significance was set to P < 0.05. GraphPad Prism
version 5.0 (GraphPad Software Inc., La Jolla, CA,
United States) was used to generate histograms.

Western blotting analysis

The bicinchoninic acid method was utilized to quantify
the protein concentrations of colon tissue extracts,
which were subsequently separated by 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis.
The protein spots in the gels were transferred onto
polyvinylidene fluoride membranes (Amersham
Pharmacia Biotech, Piscataway, NJ, United States),
which were then blocked by 5% skimmed milk,
Tris-buffered saline and Tween 20 at ambient tem
perature for 2 h. The membranes were incubated
with primary antibody against NF-κB p65 (rabbit antiNF-κB polyclonal antibody, 1:500) overnight at 4 ℃
and then incubated with the appropriate horseradish
peroxidase-conjugated secondary antibodies. Finally,
the blots were visualized using an enhanced chemilu
minescence detection kit (Millipore, Temecula, CA,
United States), and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) (Yushen Bio-Technique Co.
Ltd., Shanghai, China) was used as a loading control.
Three independent replicates were conducted for each
experiment.

RESULTS
JQD decreased DAI scores
nd

On the 2 day of modeling, the mice in the model
groups began to lose weight. Their stools became
sticky, and the FOB test was positive, although the
th
color was yellow. On the 7 day of modeling, the body
weight of the model group decreased obviously, and
black stool or bloody stool was visible in the anus.
During modeling, the DAI scores of mice in the model
groups increased gradually. Because of weight loss and
bloody stool, two mice died in each of the DSS, JQD
and 5-ASA groups.
Following drug intervention for 7 d, two mice died
in the DSS group due to obvious hematochezia. One
mouse died in each of the JQD and 5-ASA groups due
to severe weight loss. In the DSS group, the bloody
stool gradually decreased. The stool took shape slightly
with soft quality, and the FOB test was positive (6/8).
The FOB test turned negative (8/9) in the JQD group
and (7/9) in the 5-ASA group. During drug admini
stration, the DAI scores decreased gradually (Figure 1).

RNA preparation and reverse transcription-polymerase
chain reaction analysis

Total RNA was isolated from mice colon tissues using
TRIzol reagent (Invitrogen, Carlsbad, CA, United
States) and reverse-transcribed into cDNA using a
Reverse Transcription System (Promega, Madison, WI,
United States). The thermal cycling conditions were
as follows: 95 ℃ for 3 s, 95 ℃ for 5 s for 40 cycles,
and 60 ℃ for 30-34 s. The mRNA expression levels
of c-kit, microtubule-associated protein 1 light chain
3 (LC3-Ⅱ) and Beclin-1 were quantitatively analyzed
and normalized to GAPDH levels. Three replicates were
run for each assay. Table 2 shows the sequences of
reverse and forward primers. The relative expression
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ΔΔ

JQD improved colonic macroscopic appearances

In the control group, the colon had good toughness.
It was not easily breakable, and the colonic mucosa
was smooth. In the DSS group, the length of the colon
was significantly shortened compared with the control
group (P < 0.05). The colon had poor toughness, with
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Figure 1 Body weight change and disease activity index of mice. A: Body weight change (the change of body weight in each group of mice was compared with
the body weight in the same group of mice on the 1st day); B: Disease activity index. aP < 0.05 vs control group, cP < 0.05 vs DSS group. 5-ASA: 5-aminosalicylic acid;
DSS: Dextran sulfate sodium; JQD: Jianpi Qingchang decoction.
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Figure 2 Representative image of colons. A: Macroscopic appearance; B: Length of colon (from the appendix to the anus). aP < 0.05 vs control group, cP < 0.05 vs
DSS group. 5-ASA: 5-aminosalicylic acid; DSS: Dextran sulfate sodium; JQD: Jianpi Qingchang decoction.

JQD suppressed ICC excessive autophagy

congestion and edema. Partial colon had adhesion with
surrounding tissue, irregular ulcer, and bleeding on the
mucosa. In the JQD and 5-ASA groups, the colon had
better toughness, with local congestion and edema.
Partial colon had a small amount of punctate erosion
(Figure 2).

In the control group, ICC was spindle-shaped with a
huge ovate nucleolus, caveolae, and numerous free
ribosomes. A mass of mitochondria, and smooth and
rough endoplasmic reticulum were present in the
cytoplasm. ICC was located around the nerve fibers and
connected with neighboring smooth muscle cells (SMCs)
by intermediate junctions. A few autophagic vacuoles
could be observed in ICC. In the DSS group, huge
vacuoles, reducing organelles, chromatin margination,
cytoplasmic liquefaction and dissolution, and almost
invisible autophagic vacuoles could be observed in ICC.
In the JQD and 5-ASA groups, the configuration of
ICC was normal, with intact connections between cells
and the ridge of mitochondria, and a few autophagic
vacuoles existed (Figure 4).

JQD promoted repair of the colon

H and E staining showed that in the control group,
the colons presented a normal morphology of crypts,
abundant goblet cells, a small number of lamina propria
mononuclear cells, no signs of mucosal thickening, and
complete absence of ulcerations. However, in the DSS
group, the colons presented severe epithelial damage
with extensive cellular infiltration into the lamina pro
pria and colon mucosa, mucosal thickening, glands
arranged irregularly, ulcer and crypt abscess formation,
and proliferating granulation tissue. In contrast, in
the JQD and 5-ASA groups, the colons presented the
migration and repair of epithelial cells on the erosive
mucosal surface with infiltration of fewer inflammatory
cells and recovery of the glandular structure (Figure 3).
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JQD inhibited the NF-κ B/TNF-α pathway, regulated the
cytokine expression of IL-1β , IL-10 and IFN-γ levels in
colon tissue

Compared with the control group, the levels of IL-1β,
IL-10, IFN-γ and TNF-α increased in the DSS group (P
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Figure 3 Histologic images of rat colon (H and E, magnification × 200). A: Control group; B: DSS group; C: JQD group; D: 5-ASA group. 5-ASA: 5-aminosalicylic
acid; DSS: Dextran sulfate sodium; JQD: Jianpi Qingchang decoction.
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Figure 4 Transmission electron micrographs of interstitial cells of Cajal and autophagosomes in the region of rat proximal colon (magnification ×
20000). A: Control group; B: DSS group; C: JQD group; D: 5-ASA group. 5-ASA: 5-aminosalicylic acid; AVd: autophagic vacuoles; DSS: Dextran sulfate sodium; ER:
endoplasmic reticulum; JQD: Jianpi Qingchang decoction; mit: mitochondria.

< 0.05). After intervention, compared with the DSS
group, the levels of IL-1β and TNF-α decreased in
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the JQD and 5-ASA groups (P < 0.05). However, no
statistically significant difference was found between
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Figure 5 Enzyme linked immunosorbent assay analysis of tumor necrosis factor-alpha, interleukin-1β, interleukin-10 and interferon-gamma expression (n
= 6). A: TNF-α expression in the colon; B: IL-1β expression in the colon; C: IL-10 expression in the colon; D: IFN-γ expression in the colon. aP < 0.05 vs control group,
c
P < 0.05 vs DSS group, eP < 0.05 vs 5-ASA group. 5-ASA: 5-aminosalicylic acid; DSS: Dextran sulfate sodium; INF-γ: Interferon-gamma; IL: Interleukin; JQD: Jianpi
Qingchang decoction; TNF-α: Tumor necrosis factor-alpha.
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Figure 6 Western blot analysis of nuclear factor-kappa B p65 expression (n = 4). A: Representative western blots of NF-κB p65. B: Quantitative analysis of NFa
c
κB p65 protein. P < 0.05 vs control group, P < 0.05 vs DSS group. 5-ASA: 5-aminosalicylic acid; DSS: Dextran sulfate sodium; JQD: Jianpi Qingchang decoction;
NF-κB: Nuclear factor-kappa B; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

the two groups (P > 0.05). Compared with the DSS
group, the levels of IL-10 and IFN-γ increased in the
JQD and 5-ASA groups. A statistically significant
difference was found between the JQD and DSS groups
(P < 0.05), but no difference was noted between the
5-ASA and DSS groups (P > 0.05) (Figure 5).
Compared with the DSS group, NF-κB p65 ex
pression increased in the DSS group (P < 0.05). After
intervention, compared with the DSS group, NF-κB p65
expression decreased in the JQD and 5-ASA groups (P
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< 0.05). However, no statistically significant difference
was observed between the two groups (P > 0.05)
(Figure 6).

JQD regulated c-kit, LC-3Ⅱ and Beclin-1 mRNA
expression in colon tissue

Compared with the control group, c-kit mRNA expression
decreased (P < 0.05) and LC-3Ⅱ mRNA and Beclin-1
mRNA expression increased in the DSS group (P <
0.05). After intervention, compared with the DSS group,
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Figure 7 Real-time PCR analysis of c-kit mRNA, LC-3Ⅱ mRNA and Beclin-1 mRNA expression (n = 3). A: c-kit mRNA; B: LC-3Ⅱ mRNA; C: Beclin-1 mRNA. aP
< 0.05 vs control group, cP < 0.05 vs DSS group. 5-ASA: 5-aminosalicylic acid; DSS: Dextran sulfate sodium; JQD: Jianpi Qingchang decoction; LC-3Ⅱ: Microtubuleassociated protein 1 light chain 3.

c-kit mRNA expression increased in the JQD and 5-ASA
groups (P < 0.05), LC-3II mRNA and Beclin-1 mRNA
expression decreased in the JQD and 5-ASA groups (P
< 0.05). However, no statistically significant difference
was found between the two groups (P > 0.05) (Figure 7).

effect involved inhibiting the NF-κB/TNF-α pathway,
reducing the level of proinflammatory factor IL-1β,
increasing the level of anti-inflammatory factor IL-10
and immunomodulatory factor IFN-γ, and suppressing
the intestinal inflammatory cascade reaction. The
aggravation of inflammatory reaction led to the
filtration of a large number of immune cells, which
damaged the colonic mucosa. The repair of colonic
mucosa might be due to the decrease in immune
inflammatory response after JQD treatment.
This study also found that compared with the
control group, the levels of IL-10 and IFN-γ increased
in the DSS group, which was in accordance with some
[27,28]
previous studies
. This finding reflected that the
bodies of mice had self-regulation and self-recovery
effects on colitis induced by DSS, but the weak effect
was not enough to cope with intestinal inflammation
so that the lesions in intestinal mucosa still existed.
However, the self-regulation and self-recovery effects
were enhanced under the intervention of JQD, and
the increasing levels of IL-10 and IFN-γ blocked the
secretion of proinflammatory cytokines. Therefore,
JQD promoted the recovery of intestinal mucosa.
The ICC/SMC network pathway is the basic func
tional unit of gastrointestinal motility. It causes effec
tive transmission of nerve impulse to the surrounding
[29]
smooth muscle, leading to gastrointestinal motility .
The abnormal ICC/SMC network pathway has a certain
[30]
relationship with intestinal motility disorder of UC .
ICC often shows multiple secondary lysosomes, large
confluent lipid bodies, and disrupted aggregates of
vacuolated glycogen clusters. Intermediate filaments
[31]
show margination and clumping in patients with UC .
The intestinal motility disorder in DSS-induced
colitis is caused by the decreased expression of sarco
plasmic endoplasmic reticular calcium ATPase 2 and
phospholamban in SMCs, and the increased activity of
calmodulin kinase Ⅱ and the level of histone deacety
lases 4 in the cytoplasm. In addition, the increased
expression of the contractile proteins associated
with the actin filaments of SMCs, which inhibits the
interaction between the myosin filaments, is also an
[32]
important factor .
This study found that under physiological con
ditions, moderate autophagy maintained the growth,

JQD regulated intestinal motility

Compared with the control group, the colonic smooth
muscle contractile amplitude decreased, while the
contractile frequency increased in the DSS group (P
< 0.05). After intervention, compared with the DSS
group, the colonic smooth muscle contractile amplitude
increased, while the contractile frequency decreased
in the JQD and 5-ASA groups (P < 0.05). There was
statistically significant difference between the two
groups (P < 0.05) (Figure 8).

DISCUSSION
The main clinical manifestations of UC include the
[24]
intestinal motility disorder symptoms . The abnormal
expression of NF-κB/TNF-α pathway and cytokine
expression is related to not only the intestinal mucosal
inflammation of UC but also the intestinal motility.
Research has revealed that the secretion of inflam
matory factors increases in UC. TNF-α and IL-1β can
2+
inhibit L-type Ca channels in the circular smooth
muscle of colon and activate NF-κB. Then, NF-κB
enter into the cell nucleus, which inhibits subunit
2+
description of L-type Ca channel α1C. Subsequently,
2+
the number of Ca channels in the cytomembrane of
2+
smooth muscle and Ca entering into cells decrease.
[25]
This inhibits the recovery of SMC contraction . IL1β can increase the levels of cytokine IL-6, IL-8 and
TNF-α produced by macrophagocytes. Therefore, the
neutrophils aggregate near the inflammatory site,
which causes a series of pathological changes such
as intestinal epithelial cell damage, crypt abscess
and small-vessel vasculitis, leading to the abnormal
proliferation of SMCs. The proliferation of abnormal
SMCs makes them become thin in UC, resulting in
[26]
motility disorder .
This study found that JQD could repair colonic
tissues of DSS-induced colitis in mice, and that this
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Figure 8 PowerLab analysis on the contraction of colonic smooth muscle in mice (n = 6). A: Control group; B: DSS group; C: JQD group; D: 5-ASA group; E:
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differentiation, survival and homeostasis of colonic
ICC. Under pathological conditions, in a model of
DSS-induced colitis, excessive autophagy occurred in
ICC, leading to programmed cell death. Pathological
microstructure revealed reduced organelles, chromatin
margination, cytoplasmic dissolution, changes in
mitochondria and vacuoles, and reduced or absent
autophagic vacuoles. Findings at the molecular level
were reduced c-kit protein expression and increased
LC3-Ⅱ and Beclin-1 protein expression. The colonic
smooth muscle contractile amplitude decreased while
contractile frequency increased in the model of DSSinduced colitis. The main abnormal manifestations of
intestinal motility were reducing muscle tension and
increasing unordered propulsion motility. This was
similar to the intestinal dysmotility in patients with UC,

WJG|www.wjgnet.com

finally causing diarrhea and tenesmus. JQD can inhibit
excessive autophagy in ICC, regulate the ICC/SMC
network pathway, increase the contractive amplitude,
and decrease the contractive frequency of smooth
muscle. Hence, the colonic smooth muscle tends to be
normal and regulates intestinal tract dynamics.
JQD reflects the features of TCM treatment for
[33]
UC on the basis of syndrome differentiation . As a
complete decoction, Codonopsis pilosula and Radix
astragali could nourish qi, Portulaca oleracea L and
Radix sanguisorbae could clear heat and dampness,
Panax notoginseng and Bletillae rhizoma could
promote blood circulation by removing blood stasis.
Modern studies have found that R. astragali containing
Astragalus polysaccharide can effectively ameliorate 2,
4, 6-trinitrobenzene sulfonic acid-induced experimental
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Terminology

colitis in rats, probably through restoring the number
of regulatory T cells, inhibiting IL-17 levels in Peyer’s
patches, and regulating the expression of TNF-α and
[34]
IL-1β . Berberine, the main component of Coptis
chinensis, can down-regulate the level of IFN-γ and
IL-12, up-regulate the levels of IL-4 and IL-10 in DSSinduced colitis, and relieve inflammatory reaction
[35,36]
in intestinal epithelial cells
. Ginsenoside-Rg1,
the main component of P. notoginseng, can prolong
the bleeding and clotting time, down-regulate the
thromboxane B2 level, and up-regulate the 6-ketoprostaglandin F1a level to improve the hypercoagulable
[37]
state in DSS-induced colitis in mice .
This study found that the NF-κB/TNF-α pathway
was activated in DSS-induced colitis in mice. Abnormal
expression of cytokines, excessive autophagy of
ICC finally resulted in abnormal motility in UC. JQD
can repair the colonic tissues in DSS-induced colitis
in mice and regulate the intestinal motility through
suppressing intestinal inflammatory cascade reaction,
reducing excessive autophagy of ICC, and regulating
the network path of ICC/SMCs.

ICCs serve as electrical pacemakers, active propagation pathways for slow
waves, and mediators of enteric motor neurotransmission and are involved in
abnormality of intestinal motility. Recent investigations have demonstrated that
inflammation influences the morphology and structure of ICC, leads to a variety
of changes in the physiological properties of the neurons in this circuitry, and
then affects the gastrointestinal motility.
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This work focuses on the application of an herbal remedy in an animal model of
inflammation.
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Abstract
AIM
to assess the therapeutic potential of Lactobacillus
acidophilus (LA) for the treatment of pouchitis in a rat
model.

Institutional review board statement: The study was reviewed
and approved by Tianjin Medical University General Hospital
Institutional Review Board, Tianjin 300052, China.
Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by
the Institutional Animal Care and Use Committee of the Animal
Ethical and Welfare Committee (IACUC protocol number:
TMUaMEC2017001).

METHODS
Sprague Dawley rats underwent proctocolectomy and
ileal pouch-anal anastomosis followed by administration
of dextran sulfate sodium (DSS) to induce pouchitis.
Rats with pouchitis were randomly divided into three
groups: no intervention (NI), normal saline (NS, 3
ml/d normal saline for 7 d), and LA (3 ml/d LA at 1
10
× 10 colony-forming units for 7 d). General body
condition was recorded and pouch specimens were
obtained for histological examination. mRNA expression
levels of interleukin (IL)-1β, IL-6, IL-10, and tumor
necrosis factor-α were determined by RT-PCR. Zonula
occludens protein 1 (ZO-1) levels were measured by
immunohistochemistry.

Conflict-of-interest statement: The authors have no financial
or other conflicts of interest to disclose.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
LA reduced weight loss associated with pouchitis (P <
0.05) and improved the symptoms of pouchitis in rats.
Compared with the NI and NS groups, rats in the LA

Manuscript source: Invited manuscript
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Lactobacillus acidophilus (LA) is a gram-positive
bacterium that can form a protein crystal layer on
[3]
the surface of intestinal cells , thus conferring a
protective effect on the intestinal barrier. The intestinal
microbiota are considered to play a vital role in the
[4]
development of UC and pouchitis. Gionchetti et
[5]
al demonstrated the efficacy of probiotics such as
VSL#3 for the prophylaxis and treatment of pouchitis,
and our results are consistent with the results of this
study. However, although various studies have shown
beneficial effects of probiotics on the prevention and
treatment of pouchitis, the specific mechanism remains
unclear. Furthermore, the ability of specific bacteria and
their combination to improve pouch inflammation is
[6]
unknown .
Interleukin (IL)-1β is a multi-protein complex, which
can play an important role in the maintenance of in
testinal immune balance through the identification
[7]
of bacteria and injury-related molecules . IL-6 is an
important inflammatory factor secreted by endothelial
cells, macrophages, and mast cells, and participates in
[8]
the activation of lymphocytes . Tumor necrosis factor
(TNF)-α plays a key role in intestinal inflammation,
involving multiple immune responses, affecting the
expression of endothelial cell adhesion molecules
[9]
and maintaining intestinal permeability . IL-10 is a
regulatory cytokine secreted by mononuclear macro
[10]
phages and plays an anti-inflammatory role .
Intestinal inflammation is often accompanied by
abnormalities in inflammatory factors such as IL-1β,
IL-6, TNF-α and IL-10, which may reflect the severity
[11]
of inflammation in pouchitis . Furthermore, damage
to the intestinal mucosal barrier is often accompanied
by destruction of tight junction proteins, especially the
loss of zonula occludens protein-1 (ZO-1), leading to
increased intestinal permeability and further increasing
[12]
the intestinal inflammatory response . Rats subjected
to IPAA provide an effective model for the study of
[13]
[14]
pouchitis . Shebani et al
established a rat model
of dextran sulfate sodium (DSS)-induced pouchitis
suitable for further studies of the pathogenesis of the
disease.
We investigated the therapeutic effect of probiotic
LA in a DSS rat model of ileal pouchitis, including
determination of the expression of inflammatory
markers (IL-1β, IL-6, TNF-α and IL-10) and ZO-1 protein
in the intestinal mucosa by immunohistochemistry.

group showed earlier disappearance of hematochezia
(6.17 ± 0.75, 6.50 ± 0.55, 3.17 ± 0.75, P < 0.05) and
higher fecal scores (2.67 ± 0.48, 2.50 ± 0.51, 4.42 ±
0.50, respectively, P < 0.05). Histological scores were
also lower in the LA group compared with the other
two groups (7.17 ± 0.98, 8.00 ± 0.89, 4.00 ± 0.89,
respectively, P < 0.05). mRNA expression levels of IL1β, IL-6, and tumor necrosis factor-α were significantly
reduced, while IL-10 mRNA levels were significantly
increased in the LA group (P < 0.05, respectively).
ZO-1 protein levels were also significantly increased
after administration of LA (P < 0.05).
CONCLUSION
LA alleviates pouchitis induced by DSS after ileal pouchanal anastomosis by decreasing pro-inflammatory
factors and increasing anti-inflammatory factors, and
restoring ZO-1 expression in the mucosa.
Key words: Lactobacillus acidophilus ; Pouchitis; Ileal
pouch-anal anastomosis; Dextran sulfate sodium; Rats
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study aimed to assess the therapeutic
potential of Lactobacillus acidophilus (LA) for the
treatment of pouchitis in a rat model. Rats with
pouchitis were randomly divided into three groups: no
intervention, normal saline (NS, 3 ml/d normal saline
10
for 7 d), and LA (3 ml/d LA at 1 × 10 colony-forming
units for 7 d). General body condition was recorded
and pouch specimens were obtained for histological
examination. mRNA expression levels of interleukin
(IL)-1β, IL-6, IL-10, and tumor necrosis factor-α were
determined by RT-PCR. Zonula occludens protein 1
levels were measured by immunohistochemistry.
Xu YY, Zhang YY, He AQ, Li KY, Gao SY, Liu G. Lactobacillus
acidophilus alleviates pouchitis after ileal pouch-anal anastomosis
in rats. World J Gastroenterol 2017; 23(26): 4735-4743 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v23/
i26/4735.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i26.4735

INTRODUCTION
Ulcerative colitis (UC) is defined as a chronic nonspecific
inflammatory disorder with recurrent symptoms, in
volving the mucosa and submucosa of the colon and
[1]
rectum . Ileal pouch-anal anastomosis (IPAA) is an
ideal surgical treatment for UC, allowing complete
removal of the colorectal lesion while retaining the
anus and avoiding the need for a permanent ileostomy.
Ileal pouchitis is a common complication after IPAA in
patients with UC, and occurs in approximately 50% of
[2]
patients . However, the pathogenesis of pouchitis is
unclear and basic studies regarding this complication
are lacking.

WJG|www.wjgnet.com

MATERIALS AND METHODS
Animals

Male Sprague Dawley rats (n = 18) weighing 360-380
g (purchased from the Laboratory Animal Center of
the Military Medical Science Academy of the Chinese
People’s Liberation Army) were housed individually
in a specific pathogen-free animal laboratory at a
temperature of 25 ℃ with a 12 h light/dark cycle, and
provided with standard rat chow and running water ad
libitum. Animal care and experiments were conducted
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ulceration at multiple foci; or 3, extensive mucosal
ulceration extending to the muscularis mucosa or
beyond. Intra-epithelial inflammation was evaluated
by counting the number of lymphocytes in 100
epithelial cells at the tips of the villi. Villous atrophy
was evaluated as: 0, none; 1, mild; 2, moderate; or
3, severe with villous flattening. Edema at the lamina
propria was evaluated as: 0, none or 1, positive.
Abscess formation and submucosal inflammation were
also evaluated.

Table 1 Primers used for reverse transcription-polymerase
chain reaction
Oligonucleotide sequence (5’-3’)
IL-1β
sense
antisense
IL-6
sense
antisense
IL-10
sense
antisense
TNF-α
sense
antisense
R-GAPDH
sense
antisense

Product length
(bp)
190

5’-AATGCCTCGTGCTGTCTGACC-3’
5’-GTGGGTGTGCCGTCTTTCATCA-3’
111
5’-GACTTCCAGCCAGTTGCCTTCT-3’
5’-TGGTCTGTTGTGGGTGGTATCC-3’
5’-GGGTTGCCAAGCCTTGTCAGAA-3’
5’-CTTCACCTGCTCCACTGCCTTG-3’

196

5’-GGGCTCCCTCTCATCAGTTCCA-3’
5’-TGCTCCTCCGCTTGGTGGTT-3’

113

5’-TACCCACGGCAAGTTCAACG -3’
5’-CACCAGCATCACCCCATTTG -3’

122

RT-PCR detection of IL-1β , IL-6, IL-10 and TNF-α mRNA

IL-1β, IL-6, IL-10 and TNF-α mRNA were detected
using a RT-PCR kit (MJ-RESEARCH, United States)
according to the manufacturer’s instructions. Total
RNA was extracted from pouch tissues using an animal
tissue total RNA Extraction Kit (Tiangen, Beijing,
China). The primer pairs are shown in Table 1.

IL: Interleukin; TNF-α: Tumor necrosis factor-α.

Immunohistochemistry

Samples were subjected to immunohistochemistry to
assess the expression of ZO-1 protein, using rabbit
anti-ZO-1 (PB0072) (Boster, WuHan, China). Immuno
histochemical images were analyzed using Image-Pro
Plus6.0 software to assess the optical density.

according to the international guidelines on animal
research and ethics.

Ileal pouchitis model

IPAA was performed by microsurgery and pouchitis
was induced by administration of 4% DSS for 4
successive days after postoperative day 31. Rats with
pouchitis were divided randomly into three groups:
no intervention (NI) group, normal saline (NS) group,
and LA group (n = 6 per group). Rats in the NS group
received 3 ml/d normal saline by lavage, and rats in
the LA group received 3 ml/d LA at a concentration of
10
1 × 10 colony-forming units for 7 d by lavage.

Statistical analysis

All statistical analyses were carried out using SPSS
19.0. The data were expressed as the mean ± SD.
Data analysis was performed using independentsamples t-tests or one-way ANOVA, and comparisons
of two among the three groups were made using
Students-Newman-Keuls tests. A difference of P < 0.05
was considered statistically significant.

General body condition and sample collection

Body weight changes, hematochezia, and fecal scores
were observed and recorded in all rats before sacrifice
under anesthesia on day 7 after LA or normal saline
intervention. Fecal scores were evaluated on a 5-point
scale according to the method described by Drzymala[15]
Czyż et al : (1) lack of stool; (2) diarrhea; (3) blob of
stool; (4) textured stool; and (5) normal stool. The ileal
pouch was harvested after sacrifice and washed with
normal saline. Half of each sample was fixed in 10%
neutral formalin solution for histological examination
and immunohistochemistry, and the remaining portion
was immediately frozen in liquid nitrogen and stored at
-80 ℃ for RT-PCR analysis.

RESULTS
Changes in physiological condition

Rat body weight decreased linearly after the generation
of pouchitis (72.92 ± 6.60). Following intervention
for 7 d, body weight in the NI (63.50 ± 5.99) and NS
groups (64.67 ± 11.93) continued to decline (Figure
1A), with no significant difference between the two
groups (P > 0.05). However, the weight of rats in the
LA group which initially decreased started to increase
again on day 4 of lavage with LA (20.17 ± 3.25). The
difference in body weights among the three groups
was significant (F = 61.34, P < 0.05) (Figure 1B).
Bloody stools were observed in all groups at the end
of the DSS intervention. Hematochezia disappeared
in the LA group at 3.17 d ± 0.75 d, and in the NS and
NI groups at 6.50 d ± 0.55 d and 6.17 d ± 0.75 d,
respectively. The recovery time in the LA group was
significantly shorter than in the NS and NI groups (F =
108.70, P < 0.05) (Figure 2).
Stools in the NI and NS groups had a similar,
loose-paste appearance (Figure 3A) and there was
no significant difference in fecal scores between the

Histological assessment of pouchitis tissue

Tissues were paraffin-embedded, stained with hema
toxylin and eosin, and examined under a microscope.
Pouch specimens were assessed according to the
[16]
criteria described by Atila et al . Erosion was
evaluated as: 0, negative; 1, focal erosion; 2, erosion
in many regions; or 3, extensive erosion. Ulceration
was evaluated as: 0, none; 1, focal ulceration of the
mucosa in half the superficial regions; 2, total mucosal
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Figure 1 Changes in rat body weight during the experiment. A: Body weight changes in rats following pouchitis. Weight in the NI (63.50 ± 5.99) and
NS groups (64.67 ± 11.93) continued to decline, while weight in the LA group initially decreased and then increased on day 4 of LA lavage (20.17 ± 3.25);
B: The differences in body weight among the three groups were statistically significant (F = 61.34, P < 0.05), but there was no significant difference
between the NI and NS groups (P > 0.05). NI: No Intervention group; NS: Normal Saline group; LA: Lactobacillus acidophilus group.
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Figure 2 Hematochezia in rats. A: Anal condition of rats in each group at 4 d post-intervention. The NI (a) and NS groups (b) still had hematochezia,
but this had disappeared in the LA group (c); B: Recovery was significantly faster in the LA group compared with the NS and NI groups (F = 108.70, P <
0.05). NI: No Intervention group; NS: Normal Saline group; LA: Lactobacillus acidophilus group.

NI (2.67 ± 0.48) and NS groups (2.50 ± 0.51) (t =
1.16, P > 0.05). However, feces in the LA group (4.42
± 0.50) were more normal, and the fecal score was
significantly higher than in the NI (t = 12.30, P < 0.05)
and NS groups (t = 13.09, P < 0.05) (Figure 3B).

was significantly lower in the LA group (4.00 ± 0.89)
compared with the other two groups (F = 5.84, P <
0.05) (Figure 4C).

Expression of IL-1β , IL-6, IL-10, and TNF-α mRNA

mRNA levels of IL-1β, IL-6, and TNF-α in the LA group
were significantly lower than in the NS and NI groups
(F = 373.60, P < 0.05; F = 285.50, P < 0.05; F =
132.90, P < 0.05, respectively). In contrast, IL-10
mRNA levels were significantly higher in the LA group
compared with the other two groups (F = 61.05, P <
0.05). There was no significant difference in expression
levels of inflammatory factors between the NS and NI
groups (P > 0.05) (Figure 5).

Histopathological changes and pouch scores

In terms of gross morphology, mucosal surface con
gestion and edema, toughness, visible multiple ulcers,
and scattered bleeding were observed in the NI and
NS groups, but mucosal congestion and edema were
less evident in the LA group (Figure 4A).
On microscopic examination, the structure of the
mucosal villi in the pouch tissue was irregular and
disordered, the passivation of the villi, with extensive
inflammatory cell infiltration in the central matrix of the
villi in the NI and NS groups, while less severe lesions
were observed in the LA group (Figure 4B). There
was no significant difference in histological scores
between the NI (7.17 ± 0.98) and NS groups (8.00 ±
0.89) (t = 1.536, P > 0.05), but the histological score
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Expression levels of ZO-1 protein

ZO-1 is a tight junction protein, indicated by yellow
staining in the cell membrane (Figure 6A). ZO-1 protein
expression levels were significantly lower in the NI
(0.27 ± 0.03) and NS groups (0.22 ± 0.08) compared
with the LA group (0.35 ± 0.02) (F = 8.23, P < 0.05)
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Figure 3 Feces of rats. A: Stools appeared as loose paste in the NI (a) and NS (b) groups, but were more normal in the LA group (c); B: The fecal
score was significantly higher in the LA group compared with the NI (t = 12.30, P < 0.05) and NS groups (t = 13.09, P < 0.05). NI: No Intervention group;
NS: Normal Saline group; LA: Lactobacillus acidophilus group.
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Figure 4 Gross and microscopic histological observations. A: Mucosal surface congestion and edema, toughness, visible multiple ulcers, and
scattered bleeding were evident in the NI (a) and NS (b) groups, but mucosal congestion and edema had disappeared in the LA (c) group; B: Microscopic
examination of the pouch revealed irregular and disordered mucosal villi, passivation of the villi, and extensive inflammatory cell infiltration in the central
matrix of the villi in the NI (a) and NS (b) groups, but less severe lesions in the LA (c) group; C: There was no significant difference in histological scores
between the NI (7.17 ± 0.98) and NS groups (8.00 ± 0.89) (t = 1.536, P > 0.05), but the histological score was significantly lower in the LA group (4.00 ±
0.89) than in the other two groups (F = 5.84, P < 0.05). NI: No Intervention group; NS: Normal Saline group; LA: Lactobacillus acidophilus group.

(Figure 6B).

which is beneficial for maintaining remission in patients
[19,20]
with pouchitis
. Probiotics containing LA can reduce
expression of the inflammatory cytokine IL-1β and
inhibit inflammatory damage caused by infiltration
of polymorphonuclear cells in the tissues. Lammers
[11]
et al
suggested that probiotics could be used to
prevent and treat pouchitis, and LA has also shown
[21-24]
immunomodulatory effects in in vitro experiments
.
3NaCl absorption involves coupling of the Cl /HCO
+
+
exchanger(s) primarily with the Na /H exchanger 3 at

DISCUSSION
The intestinal microflora is generally thought to be
involved in the pathogenesis of inflammatory bowel
[17]
disease (IBD) . The numbers of intestinal Bifidoba
cterium and Lactobacillus were decreased and Clostridium
perfringens was significantly increased in patients with
[18]
pouchitis . LA is a component of VSL#3, and VSL#3,
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Figure 5 mRNA expression levels. mRNA levels of IL-1β (a), IL-6 (b), and TNF-α (c) were significantly lower in the LA group compared with the
NS and NI groups (F = 373.60, P < 0.05; F = 285.50, P < 0.05; F = 132.90, P < 0.05, respectively), while IL-10 (d) levels were significantly higher (F =
61.05, P < 0.05). IL: Interleukin; TNF-α: Tumor necrosis factor-α; NI: No Intervention group; NS: Normal Saline group; LA: Lactobacillus acidophilus group.
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Figure 6 Zonula occludens protein 1 protein expression levels. A: ZO-1 protein expression levels in the NI (a, d) and NS groups (b, e) were
significantly lower than in the LA group (c, f); B: The differences between the three groups were statistically significant (F = 8.23, P < 0.05). ZO-1: Zonula
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IL-1β, IL-6, and TNF-α, and significantly decreased
levels of IL-10. This is consistent with the results of
[35]
Chen et al , who used probiotics in a DSS-induced
pouchitis model in rats. In addition, IL-6 can increase
the amount of myeloperoxidase (MPO) by activating
neutrophils, the increase in MPO protein not only
reflects the degree of inflammation, but can produce
a large number of oxygen free radicals in the intestinal
barrier and further aggravate intestinal inflammation.
ZO-1 is a member of the membrane-associated
[36]
[37]
guanylate kinases family . Shen et al
showed
that abnormal tight junctions resulted in increased
permeability of the intestinal barrier, often accom
panied by decreased expression of ZO-1 protein.
Changes in the intestinal barrier caused by reduced
ZO-1 expression in the intestinal tract will further
[12]
promote the development of intestinal inflammation .
ZO-1 decreased following DSS administration in a rat
colitis model, and the severity of colitis increased with
[12]
time . Our results also showed that ZO-1 expression
levels were significantly higher in the LA group
compared with the NI and NS groups, accompanied
by decreased expression of inflammatory factors and
improved pathological changes.
In summary, DSS-induced destruction of the in
testinal barrier in the pouch manifested as increased
levels of pro-inflammatory IL-1β, IL-6 and TNF-α, and
decreased levels of anti-inflammatory IL-10, together
with decreased expression of the intestinal barrier
tight junction protein ZO-1. These factors reflect a
complex network with the potential to aggravate
mucosal inflammation in the pouch. LA may reduce
the expression of pro-inflammatory factors and
increase anti-inflammatory factors through a variety of
mechanisms, increase expression of the tight junction
protein ZO-1 in the intestinal mucosa thus promoting
recovery of intestinal mucosal barrier function, and
block interactions among various pro-inflammatory
factors. Further studies are needed to clarify the
potential role of LA in the prevention and treatment of
pouchitis.

the apical membrane of intestinal epithelia. Disturbances
[25]
to this process occur in diarrheal diseases , and may
also be involved in the formation of mucus stools in
pouchitis. LA-conditioned medium stimulated intestinal
cells to absorb NaCl by different mechanisms in in
vitro experiments, and this mechanism may be an
important factor in the improvement and treatment
[26,27]
. Borthakur
of IBD-associated diarrhea symptoms
[26]
et al
found that LA increased the exchange effect
by increasing cell surface phosphoinositide 3-kinase
[27]
dependent Cl /HCO3 channels. Singh et al
showed that LA could promote the expression of
+
+
Na /H exchanger 3 (SLC9A3), which is widespread
in epithelial cells of the digestive tract, resulting in
improved intestinal absorption of electrolytes and
[28]
an antidiarrheal effect. Chen et al
showed that
LA was able to prevent bacterial colitis and activate
the immune response with a protective effect on the
intestinal mucosa.
Changes in intestinal inflammation are often accom
panied by abnormalities in a range of inflammatory
cytokines, including IL-1β, IL-6, TNF-α and IL-10,
and the level of inflammation can be determined
by detecting changes in these inflammatory factors
[11]
in the pouch mucosa . The results showed that
the expression levels of IL-1β, IL-6 and TNF-α were
significantly higher in patients with pouchitis than in
those with active UC and non-pouchitis. Intestinal tract
damage can lead to activation of the inflammatory
response resulting in activation of caspase-1 and
[29]
release of IL-1β . Our study found that the expression
of IL-1β in pouch tissues was significantly increased
after pouchitis was induced by DSS, and compared
with the control group, LA can significantly reduce the
expression of IL-1β.
IL-6 expression levels were significantly increased
in intestinal tissues of rats with inflammation. The
interaction of antigen presenting cells with bacteria
in IBD patients was shown to result in abnormal
+
activation of CD4 T cells, causing continuous release
of pro-inflammatory cytokines and increased levels
[30]
of IL-6 and TNF-α . Our results showed that the
expression levels of IL-6 and TNF-α in the mucosa of
DSS-induced pouchitis were significantly higher than
those in the control group, while the expression was
decreased following LA gavage and the pathological
score of the pouch was significantly decreased. Sang
[31]
et al
treated rats with colitis using VSL#3 and
showed that probiotics could significantly reduce IL-6
[32]
expression in intestinal tissues. Chen et al
also
found that LA could significantly inhibit the expression
of TNF-α in the intestinal mucosa in a rat colitis model.
IL-10 has previously been shown to play an anti[33]
inflammatory role in pouchitis , and LA significantly
increased IL-10 expression in human peripheral blood
[34]
cells . The results of the current study showed that
DSS caused an intestinal inflammatory response in
rats, associated with significantly increased levels of
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Ileal pouchitis is a common complication after ileal pouch-anal anastomosis
(IPAA) in patients with ulcerative colitis (UC), and occurs in approximately 50%
of patients. However, the pathogenesis of pouchitis is unclear and basic studies
regarding this complication are lacking. Lactobacillus acidophilus (LA) confers
a protective effect on the intestinal barrier, but the therapeutic potential of LA on
pouchitis is uncertain.

Research frontiers

Gastrointestinal microbiota in the field of inflammatory bowel disease (IBD) and
pouchitis is a hot research topic.

Innovations and breakthroughs

Flora imbalance is involved in the pathogenesis of IBD, and has a similar role in
the genesis and development of pouchitis. The authors confirmed that LA can
be effective in the treatment of pouchitis, which provides a new treatment option
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for pouchitis.
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Applications
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This study provides a new treatment option for pouchitis. The successful
application of LA in the treatment of pouchitis in rat models has indicated that
further research on microbial treatment in humans should be carried out.

15

Terminology

Pouchitis: An intestinal pouch complication of the IPAA procedure in patients
with UC. Symptoms of pouchitis include diarrhea, hematochezia, increased
stool frequency and abdominal cramps. LA: LA is a gram-positive bacterium
that can form a protein crystal layer on the surface of intestinal cells, thus
conferring a protective effect on the intestinal barrier and plays a vital role in the
development of UC and pouchitis.
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Abstract
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AIM
To investigate toll-like receptor 2 (TLR2) and TLR4
expression, following bifidobacteria and low-dose EPEC
endotoxin treatment, and intestinal barrier function in
rat intestinal epithelial cell‑18 (IEC‑18).
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METHODS
Six experimental groups were established - normal
control, EPEC, Bifidobacteria infantis (B. infantis) , B.
longum , B. bifidum , and B. youth groups. Optimal EPEC
endotoxin concentration, bifidobacteria fold dilution,
and treatment duration were determined. Quantita
tive real-time polymerase chain reaction and western
blot, respectively, were conducted to detect TLR2
and TLR4 mRNA and protein expression in IEC-18
cells. Transepithelial electrical resistance (TEER) was
measured by the EVOM chopstick voltohmmeter in each
group. All experiments were conducted in triplicate and
data were analyzed on SPSS 16.
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IBD epidemiology is associated with westernization and
[3]
industrialization . IBD is not only a polygenic disease,
but also displays genetic heterogeneity. A recent study
found that intraintestinal interaction of symbiotic gut
bacteria is genetically determined and associated with
[4]
epithelial dysfunction, which further induces IBD .
Thus far, no specific pathogens have been found to be
associated with IBD. However, in an immunodeficient
animal model of IBD, researchers found that intestinal
inflammation did not occur in a sterile intestinal environ
[5]
ment , suggesting that infective factors may play a
key role in IBD pathogenesis.
More than 200 species in approximately one
hundred trillion numbers constitute the characteristic
distribution of commensal bacteria in a healthy
human; of these, 99.9% of the bacteria grow on the
intestinal mucosal surface, and along with those in
feces, comprise three main species-bifidobacteria,
[6]
Escherichia coli, and Bacteroidesfragilis . Low-grade
chronic inflammation in the intestinal lamina propria
of healthy patients confers immune tolerance through
various antibodies. However, such intestinal immune
tolerance may be absent in patients with IBD, with
resultant activation of intestinal mucosal immune
response in the absence of a self-limiting mucosal
immune response. Deficits in intestinal immune
tolerance may majorly be attributed to intestinal flora
[7]
imbalance . Gut bacteria compete for nutrients
and space with foreign pathogens in the intestinal
environment, thereby effecting biological antagonism
through inhibiting foreign pathogens from adhering to
[8]
the intestinal mucosa . Moreover, normal flora can
promote the development of immune pathways and
activation of macrophages to resist damage caused by
[9]
foreign pathogens .
The intestinal epithelial barrier forms the first
line of defense against invading pathogens. Several
types of pattern-recognition receptors (PRRs), including
a group of signaling toll-like receptors (TLRs) found
in epithelial cells, play an important role in the in
[10]
testinal mucosal immune system . They facilitate
recognition of microorganisms; for instance, TLR2
recognizes Gram-positive bacterial peptidoglycan,
TLR4 recognizes lipopolysaccharide of Gram-negative
bacteria, and TLR9 recognizes CpG DNA sequences
[11]
of microorganisms . Pathogen-associated molecular
patterns (PAMPs) are recognized by TLRs and other
[12]
PRRs . Distinguishing between intestinal commensal
bacteria and pathogens by intestinal epithelial cells
(iecs) is a prerequisite for immune surveillance,
although their mechanism of action is unclear.
Bifidobacterium, a bacterial commensal, reduces
release of endotoxins through reduction of superfluous
Gram-negative bacilli to normal levels, thereby
[13]
functioning as a detoxifying agent . Acidic products
produced by protective bifidobacterium are essential
to maintain normal intestinal conditions and improve
[14]
mediation of intestinal defense by epithelial cells .
Furthermore, cholesterol in the intestine is converted

EPEC group were significantly higher than in the control
group (P < 0.05). TLR2 mRNA and protein expression
in the B. infantis , B. longum and B. youth groups were
significantly lower than in the normal control group
(P < 0.05). TLR4 mRNA and protein expression in
the B. bifidum and B. youth groups were significantly
lower than in normal controls (P < 0.05). In addition,
the TEER in B. infantis , B. longum , B. bifidum , and B.
youth groups were decreased by 19%, 18%, 23% and
23%, respectively, after 120 min of intervention, as
compared to the control group. However, the TEER in
the EPEC group was significantly decreased by 67% in
comparison to the normal control group (P < 0.05).
CONCLUSION
Bifidobacteria protect IEC-18 cells against injury by
down-regulating TLR2 and TLR4 expression and enhance
intestinal barrier function to protect the intestinal epith
elial cells from pathogenic invasion.
Key words: Bifidobacteria; Intestinal barrier function;
Intestinal epithelial cells
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: toll-like receptors (TLRs) are key components
of the innate immune system that trigger antimicrobial
host defense responses. EPEC promoted the expression
of toll-like receptor 2 (TLR2) and TLR4 and increased
cell membrane permeability, where as bifidobacteria
inhibited the expression of TLR2 and TLR4 and prevented
TLR-mediated inflammation. Therefore, bifidobacteria
can potentially play a protective role by inhibiting
inflammation and preventing penetration of pathogenic
bacteria in patients with inflammatory bowel disease.
Yang X, Gao XC, Liu J, Ren HY. Effect of EPEC endotoxin and
bifidobacteria on intestinal barrier function through modulation of
toll-like receptor 2 and toll-like receptor 4 expression in intestinal
epithelial cell-18. World J Gastroenterol 2017; 23(26): 4744-4751
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i26/4744.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i26.4744

INTRODUCTION
The incidence of inflammatory bowel disease (IBD) is
high in North America and Nordic countries, but lower
in Asia. However, increasing incidence of IBD has been
observed over the past few decades in parallel with
better living standards and advances in diagnostics
[1]
for IBD . Current knowledge on the specific etiopatho
genesis of IBD is still poorly understood. In general,
however, IBD is considered to have several risk
factors, including environmental, genetic, infectious and
[2]
immune contributors . The increasing incidence of IBD
in developing countries indicates that progression of
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to cholestane and fecal alkyls by acidic products
[15]
generated by bifidobacterium . In recent years,
increasing attention has been paid to bifidobacteriumbased therapy due to its stable efficacy and fewer
side effects. Bifidobacterium has been used to treat
[16-19]
diarrhea, IBD and other disorders of digestion
.
This study was conducted to investigate the
role of intestinal commensal bacteria in inducing
immune tolerance and IBD pathogenesis. To evaluate
intestinal barrier function, four different subtypes of
bifidobacteria and the EPEC endotoxin were used
to induce effects in rat normal small IEC-18, and
their transepithelial electrical resistance (TEER) was
detected after intervention. Changes of TLR2 and TLR4
expression levels were investigated to evaluate the
effect of bifidobacteria on immune signal recognition
and transduction in IECs.

manufacturer’s instruction. One microgram mRNA was
used for cDNA synthesis in the PrimeScrip RT Reagent
Kit (Takara Biotechnology, Dalian, China) under the
following conditions: reverse transcription at 37 ℃
for 25 min, followed by incubation at 85 ℃ for 5 s in
20 μL reaction volume. Then, real-time PCR based on
SYBR premix EX TAQ was conducted to quantify mRNA
levels on the ABI StepOnePlus Real-Time PCR System
(Applied Biosystems Inc, Foster City, CA, United
States) under the following conditions: denaturation
at 95 ℃ for 30 s, followed by 40 cycles of amplification
(95 ℃ for 5 s, and 60 ℃ for 30 s). Primers were
designed using NCBI Primer-BLAST as follows:
TLR2 (forward, 5’-TGGAGGTCTCCAGGTCAAATC-3’;
reverse, 5’-ACAGAGATGCCTGGGCAGAAT-3’);
TLR4 (forward, 5’-TCCCTGCATAGAGGTACTTC-3’;
reverse, 5’-CACACCTGGATAAATCCAGC-3’), GAPDH
(forward, 5’-TCTTCCAGGAGCGAGATCCC-3’; reverse,
5’-TTCAGGTGAGCCCCAGCCTT-3’). Cycle threshold (CT)
values were standardized to CT values of GAPDH, and
ΔΔCT
2was used to determine fold-change differences
between intervention groups.

MATERIALS AND METHODS
Materials and groups

Rat IEC-18 cells [Catalog no. CRL-1589; American
Tissue Culture Collection (ATCC), Manassas, VA,
United States] were purchased from the ATCC and
cultured in 95% Dulbecco’s modified Eagle’s medium
supplemented with 5% fetal bovine serum and 0.1 U/mL
bovine insulin (Gibco, Carlsbad, CA, United States).
Bifidobacteria infantis (B. infantis), B. longum, B.
bifidum and B. youth were provided by the Institute of
Light Industry (Wuhan, China). EPEC (serotype O127:
B8) endotoxin was purchased from Sigma-Aldrich (St
Louis, MO, United States) and constituted for use at a
concentration of 1 mg/mL.
Six groups were established in this experiment,
including normal control, EPEC, B. infantis, B. longum,
B. bifidum, and B. youth. The EPEC group received
intervention with the EPEC endotoxin, whereas the
bifidobacteria groups underwent treatment with B.
infantis, B. longum, B. bifidum and B. youth separately.
Normal controls did not undergo any intervention.

Western blot for detection of TLR2 and TLR4 protein
expression in rat IEC-18

Based on the results obtained from qRT-PCR of TLR2
and TLR4 mRNA expression post-intervention in all
the study groups, we obtained the optimal values of
EPEC endotoxin concentration, bifidobacteria dilution
concentrations, and duration of action. Thereafter, we
conducted tests with these optimal concentrations
of EPEC endotoxin and four different strains of
bifidobacteria at the optimal duration of action, and
expression levels of TLR2 and TLR4 proteins were
detected in each group using western blotting.
Briefly, total protein was extracted from each
group using RIPA buffer (Sigma-Aldrich) in accordance
with the manufacturer’s instructions. Protein con
centration was determined with the BCA Protein
Assay Kit (BosterBio, Wuhan, China). For this, protein
samples were resolved on a 10% SDS-PAGE (BioRad, Hercules, CA, United States) and transferred
to polyvinylene difluoride membranes (Millipore
Corporation, Billerica, MA, United States). These
blotted membranes were blocked with TBST buffer
supplemented with 5% fat-free milk for 2 h at room
temperature, and incubated with primary rabbit
polyclonal antibody TLR2 and TLR4 (1:2000 dilution;
Abcam Inc, Cambridge, MA, United States) overnight.
GAPDH (BosterBio, Wuhan, China) was used as a
loading control. Thereafter, these membranes were
washed and incubated with peroxidase-conjugated
secondary antibodies (BosterBio, Wuhan, China) for 2 h
at room temperature according to the manufacturer’s
instructions. Then the membranes were washed
thrice with TBST for 10 min each at room temperature
to terminate the reaction. Immunoreactive bands
were visualized by enhanced chemiluminescence

Quantitative real-time polymerase chain reaction(qRTPCR) assays for detection of mRNA expression levels of
TLR2 and TLR4 in rat IEC-18

In order to obtain optimal conditions for the inter
vention, IEC-18 cells were cultured in 6-well plates
and treated with EPEC endotoxin at three different
concentrations (0.5, 1 and 5 mg/mL) and with four
different kinds of bifidobacteria (B. infantis, B. longum,
B. bifidum and B. youth), with each subspecies diluted
100-fold and 300-fold, respectively. Then the cells
were cultivated in a 37 ℃ humidified atmosphere,
consisting of 95% air and 5% CO2. After intervention
for 4, 8, 12 and 16 h, levels of TLR2 and TLR4 mRNA
were detected in each intervention group by using
qRT-PCR. Briefly, total mRNA was extracted from each
intervention group using TRIzol reagent (Invitrogen
Corp, Carlsbad, CA, United States) according to the
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Figure 1 Toll-like receptor 2 and toll-like receptor 4 mRNA expression in intestinal epithelial cell-18 cells post-treatment with EPEC endotoxin at different
time points. A: TLR2 mRNA expression in the EPEC groups was significantly higher at 12 h and 16 h, compared to the control group (P < 0.05); B: TLR4 mRNA
expression was highest in the EPEC group at 16 h. TLRs: toll-like receptors.

using SuperSignal West Pico Trail Kit (ThermoFisher,
Rockford, IL, United States), and the intensity of the
detected bands was analyzed using Image J software.

TLR2 mRNA expression was significantly higher in the
1 mg/mL and 5 mg/mL EPEC endotoxin groups, as
compared to the 0.5 mg/mL EPEC and control groups (P
< 0.05; Figure 1A). However, TLR2 mRNA expression
did not differ considerably between the 1 mg/mL and
5 mg/mL EPEC groups (P > 0.05; Figure 1A). After
treatment for 8 h and 16 h, TLR4 mRNA expression
was significantly up-regulated in the 5 mg/mL EPEC
group, as compared with that in the 0.5 mg/mL and
1 mg/mL EPEC groups and normal controls (P <
0.05; Figure 1B). However, there were no remarkable
between-group differences in TLR4 mRNA expression
among the different EPEC groups following intervention
for 4 h and 12 h (P > 0.05; Figure 1B). We determined
that the optimal EPEC endotoxin concentration was
5 mg/mL and optimal treatment duration was 16 h.
qRT-PCR of IEC-18 cells post-treatment with EPEC
endotoxin (0.5, 1 and 5 mg/mL) and with four different
types of bifidobacteria diluted 100-fold and 300-fold
at different time points, revealed that the optimal
bifidobacteria dilution concentration was 300-fold.
Next, we applied these optimal parameters
(EPEC endotoxin 5 mg/mL, four different strains of
bifidobacteria diluted 300-fold, for 16 h) and evaluated
TLR2 and TLR4 protein expression (Figure 2). TLR2
and TLR4 mRNA expression was significantly upregulated in the 5 mg/mL EPEC group, as compared
with the control group (P < 0.001; Figure 2). TLR2
mRNA expression in the B. infant, B. longum and B.
youth groups were significantly lower than in the control
group (P < 0.05), although reduction in expression
levels in the bifidum group did not reach significance
(Figure 2A). Moreover, TLR4 mRNA expression in the B.
bifidum and B. youth groups were significantly lower
than in the control group (P < 0.05; Figure 2B).

Measurement of epithelial cell membrane

IEC-18 cells were cultured in Transwell chambers with
3.0-mm polycarbonate filters (Corning Costar, Corning,
NY,United States) at 37 ℃ in a humidified atmosphere
of 95% air and 5% CO2. Optimal concentrations
of the EPEC endotoxin and four different types of
bifidobacteria were added to the upper compartment
of the Transwell plates in five intervention groups.An
epithelial cell transmembrane resistance meter was
used to test TEER changes in IEC-18 cells at 30, 60, 90
and 120 min in all of the five intervention groups and
the normal control group. The TEER was calculated as:
2
TEER (1 cm ) = Measured value of the resistance (Ω)
2
× Effective membrane area (cm ).

Statistical analysis

All data were analyzed using SPSS 16.0 for Windows
(SPSS Inc, Chicago, IL, United States). Between-group
comparisons were conducted by two-way ANOVA.
Three replicate wells were tested per assay, and each
experiment was performed in triplicate. All statistical
tests were two-tailed, and statistical significance was
assumed for values with P < 0.05.

RESULTS
mRNA expression levels of TLR2 and TLR4

TLR2 mRNA expression was significantly increased
after intervention with EPEC endotoxin at 12 h and
16 h, as compared with the control group (P < 0.05;
Figure 1A). However, TLR2 mRNA expression did not
change markedly in the intervention groups treated
for 4 h and 8 h (P > 0.05; Figure 1A). Moreover, TLR4
mRNA expression was highest in the 16-h intervention
groups (P < 0.05; Figure 1B). After treatment for 16 h,
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Figure 2 Toll-like receptor 2 and toll-like receptor 4 mRNA expression in intestinal epithelial cell-18 cells after treatment with EPEC endotoxin and
bifidobacteria for 16 h. TLR2 and TLR4 mRNA expression was significantly upregulated in the EPEC group. A: TLR2 mRNA expression in B.infantis, B.longum and
B.youthgroups were significantly lower than in the control groups; B: TLR4 mRNA expression in B.bifidum and B.youth groups were significantly lower than in the
normal control group.1, 2, 3, 4, 5 and 6 represent normal control, EPEC, B.infantis, B.longum, B.bifidum and B. youth groups, respectively. aP < 0.05, bP < 0.001 vs the
control group. TLRs: toll-like receptors.

stimulation from microbial antigens, food antigens,
and allergens occur in intestinal epithelial tissue all
the time, leading to different immune responses.
Although there are various pathogenic bacteria in the
intestinal epithelial tissue of the healthy population,
these people seldom fall sick, which is attributed to
immune tolerance and homeostasis. Moreover, macro
biotic imbalance will induce loss of intestinal immune
tolerance and immune homeostasis and induce a series
of immune responses, which eventually damages
normal tissue. To investigate the effect of bacteria and
probiotic interventions on intestinal immune barrier
function and the signal transduction pathway,we estab
lished an in vitro normal intestinal immune system
experimental model using the probiotic bacterial
species bifidobacterium and toxins from EPEC.
Probiotics are defined as “living microorganisms
which, when administered in adequate amounts,
[17]
confer a health benefit on the host” . Probiotics, as a
food additive, are being adopted extensively and can
help improve imbalances of intestinal flora induced by
antibiotic use or by pathologic conditions, particularly
[2,20]
IBD
. Probiotics can prevent or improve diarrheal
symptoms, alleviate symptoms of lactose intolerance,
enhance the immune system, and promote intestinal
[7]
digestion and absorption of nutrients . Therefore,
research on the mechanism of action of probiotics
will be beneficial to understand the etiopatho
genesis and treatment of IBD, and could potentially
be applied as a preventive measure against IBD. In
addition to important applications in the treatment of
gastrointestinal diseases, probiotics may have beneficial
therapeutic effects on other systemic diseases, such as
diabetes and disorders of the reproductive system.
Bifidobacterium is an anaerobic Gram-positive
bacteria, with 32 subspecies, of which 28 subspecies
[13]
have been detected in the human gut . Intestinal
bifidobacteria appear within 3 to 4 d postnatally, and

four different bifidobacteria strains (diluted 300-fold)
for 16 h, TLR2 and TLR4 protein expression in the
EPEC groups were significantly higher than in controls
(P < 0.05; Figure 3). TLR2 protein expression in the
B. infant, B. longum and B. youth groups were lower
than those in the control group (P < 0.05; Figure 3).
TLR4 protein expression in the B. bifidum and B. youth
groups were down-regulated in comparison with that
in the control groups (P < 0.05; Figure 3).

Changes in IEC membrane resistance

The TEER in the B. infantis, B. longum, B. bifidum and
B. youth groups decreased by only 19%, 18%, 23%
and 23%, respectively, post-intervention for 120 min
compared with the control group. However, the TEER
in the EPEC endotoxin intervention groups reduced
significantly by 67%, as compared with the control
group (P < 0.05; Figure 4).

DISCUSSION
Recent studies have shown that infective factors may
play a key role in the pathogenesis of IBD, and that
changes in the composition of intestinal microbiota
[17]
are closely correlated with IBD progression . In
addition, it has been suggested that probiotics can
potentially influence equilibrium of commensal and
pathogenic bacteria, and thereby destroy homeostasis
[13]
in inflammatory conditions . Moreover, probiotics
modulate intestinal mucosal immune function, which
plays a protective role in maintaining the intestinal
[20]
barrier function . Therefore, we focus on under
standing the role of probiotics in the induction and
maintenance of IBD remission and discuss their
influence on gut microbiota.
Besides bifidobacteria, lactobacilli, and other
probiotic organisms, a large number of opportunistic
pathogens exist as intestinal commensals. Immune
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Figure 3 Toll-like receptor 2 and toll-like receptor 4 protein expression
in intestinal epithelial cell-18 cells after treatment with EPEC endotoxin
and bifidobacteria intervention for 16 h. TLR2 and TLR4 protein expression
levels in the EPEC group were significantly higher than in the control group.
TLR2 protein expression levels in the B.infantis, B.longum and B. youth groups
were significantly lower than in the control group. TLR4 protein expression was
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group. TLR: toll-like receptor.

30

60

90

120

t/min

Figure 4 Changes in intestinal epithelial cell-18 cell membrane resistance
after treatment with EPEC endotoxin and bifidobacteria for 16 h. The tran
sepithelial electrical resistance in the B.infantis, B.longum, B.bifidum and B.
youth groups decreased by only 19%, 18%, 23% and 23% respectively after
120 min of intervention,as compared with the control group. However, the
transepithelial electrical resistance in the EPEC intervention group reduced
significantly, by 67% compared to the normal control group (P < 0.05).

bifidobacteria comprise approximately 25% of total
[20]
intestinal bacteria . The number of bifidobacteria
reduce gradually with increasing age, and decrease
[20]
to 7.9% in individuals over age 65 . Reduction in
the number of bifidobacteria is suggested to be an
[21]
indicator of lack of health .
EPEC was first discovered as a causative agent
of diarrhea in epidemiological studies. Considerable
EPEC proliferation occurs on mucosal surfaces of the
duodenum, jejunum and ileum. The adhesion of EPEC
to microvilli can lead to brush border damage, atrophy
of microvilli, epithelial cell disorder and dysfunction,
[12]
and, eventually, diarrhea . EPEC and opportunistic
pathogens grow in the normal intestine; however,
when immune function is impaired, these bacteria can
cause disease.
Due to a complicated interaction between the
pathogen and the host immune system in microbial
infection, microorganisms express a large amount
of special molecules, such as the viral nucleic acid
[10]
sequences known as the PAMPs . PAMPs are
recognized by a number of receptors, including PRRs.
Following PAMP recognition by PRRs, downstream
signaling pathways activate innate immunity and cell
functions such as phagocytosis and release of inflam
matory cytokines, which are important for a balanced
[22,23]
adaptive immune response against pathogens
.
TLRs appear to be the most important members of
the PRR family; furthermore, TLR2 and TLR4, two
main subtypes of the TLR family, play a key role in the
[24]
maintenance of intestinal epithelial homeostasis .
Previous studies have shown that high expression
of TLR2 and TLR4 is significantly associated with
[25,26]
increased risk of IBD
. Activation of TLR4 by
pathogenic bacteria damages the mucosal barrier
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function, facilitating pathogen translocation from the
gut and release of proinflammatory factors, such as
interleukin (IL)-1, IL-6, and tumor necrosis factor[15,24,27]
alpha
. Therefore, TLR2 and TLR4 were selected
in this research to validate the effect of intervention
on intestinal immune barrier function and the signal
transduction pathway, as well as to further study the
mechanism of immune responses in the gut.
EPEC is highly pathogenic, and culturing IEC cells
with live EPEC induces cell death. EPEC endotoxin, the
main PAMP, is present in the cell wall of Gram-negative
bacteria, whereas exopolysaccharide, a secretory product
expressed by bifidobacterium during proliferation and
death, is found in Gram-positive bacteria. Therefore,
EPEC endotoxin and live bifidobacterium were selected
as interventional agents for use in IEC-18 cells. Due
to the uncertain effects of EPEC endotoxin and bifido
bacteria in IEC-18 cells, it was necessary to treat the
IEC-18 cells with different concentrations of EPEC
endotoxin (0.5, 1 and 5 mg/mL) and four different
kinds of bifidobacteria, diluted 100-fold and 300-fold,
at different time points to identify the optimal EPEC
endotoxin treatment concentration, bifidobacteria
diluted concentration, and duration of action.
Following intervention with the optimal concentra
tion of EPEC endotoxin (5 mg/mL) and four different
strains of bifidobacteria(diluted 300-fold) for 16 h,
TLR2 and TLR4 mRNA and protein expressions were
up-regulated in the EPEC group but down-regulated
in some bifidobacterium groups, as compared with
those in the normal control group. From these results,
we infer that after IECs are stimulated by pathogenic
bacteria, bifidobacteria can induce immunologic
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contrast, bifidobacteria inhibited TLR2 and TLR4 expression and prevented
TLR-mediated inflammation.

tolerance to those bacteria through down-regulation
of TLR2 and TLR4 expression or compete with patho
gens for binding TLRs to prevent TLR-mediated
inflammation. Therefore, bifidobacteria can provide a
protective role or benefit through inhibition of inflam
mation in patients with IBD.
In our study, the TEERs in the B. longum, B. infantis,
B. bifidum and B. youth groups were decreased only by
18%, 19%, 23% and 23%, respectively, after 120 min of
intervention, as compared to the normal control group.
However, the TEER in the EPEC group was reduced
significantly by 67%. The TEER is inversely proportional
to cell membrane permeability, and decreased TEER
would lead to gap junction damage, increase cell
osmotic pressure, and increase cell permeability; this
could further result in pathogen penetration of the
[28,29]
cell barrier and consequent inflammation
. These
results indicate that EPEC may increase cell membrane
permeability, thus playing a pathogenic role in patients
with IBD. However, bifidobacteria exert a protective
role in preventing penetration of pathogenic bacteria
by the natural barrier function of the IEC. The lack
of animal experimental model could be considered a
major limitation of this study. Therefore, additional in
vivo experiments should be conducted to further explore
the mechanism of IBD in future research endeavors.
In conclusion, the EPEC endotoxin can promote
TLR2 and TLR4 expression and increase cell membrane
permeability in the IEC. In contrast, bifidobacteria can
inhibit TLR2 and TLR4 expression and prevent TLRmediated inflammation. Individualized use of a suitable
probiotic may be helpful to design effective therapeutic
strategies for symptom improvement in IBD.

Applications

Bifidobacteria can provide a protective role through inhibiting inflammation and
preventing penetration of pathogenic bacteria across the intestinal cell barrier
in patients with IBD. Individualized use of a suitable probiotic may be helpful to
design an effective and specific therapy to improve disease symptoms in IBD.

Peer-review

This is a very well designed, performed and written experimental study for
investigation of the effect of enteropathogenic Escherichia coli endotoxin and
the effect of bifidobacteria on the expression of TLR2 and TLR4 mRNA and
protein in IECs and possible influence of intestinal barrier function of cells and
its role in pathogenesis of IBD.
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Abstract
AIM
To examined the prevalence of hip and knee arthro
plasty in patients with inflammatory bowel disease (IBD)
by comparing the diagnostic codes for these procedures
in patients with IBD and a control group of patients.

Informed consent statement: The clinical data utilized in this
study is de-identified and was obtained from a publicly available
database. Therefore, informed consent was not required for this
study.

METHODS
The National Inpatient Sample database (NIS) is part of
the Healthcare Cost and Utilization Project (HCUP), the
largest publicly available inpatient healthcare database
in the United States. The NIS samples about 20% of
discharges from all community hospitals participating
in HCUP, representative of more than 95% of the
United States population, with approximately 7000000
hospitalizations reported annually. NIS contains data
on diagnoses, procedures, demographics, length of stay
(LOS), co-morbidities and outcomes. ICD-9-CM diagnostic
codes for primary hospitalizations for arthroplasty of
the hip or knee with a co-diagnosis of IBD [combining
both Crohn’s disease (CD) and ulcerative colitis (UC)]
were used to identify study subjects for cost and LOS
analysis for NIS from 1999-2012. Statistical analysis: 1:
2 propensity score matching between IBD vs a control
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group based on following factors: Patient age, gender,
race, total co-morbidities, # of procedures, admission
type, insurance, income quartiles, and hospital bed
size, location and hospital teaching status. Categorical
variables were reported as frequency and compared by
χ 2 tests or Fisher’s exact tests. Individual 1:3 matching
was also performed for patients carrying diagnostic
codes for CD and for patients with the diagnostic
code for UC. After matching, continuous variables
were rcompared with Wilcoxon signed rank or Paired
T-tests. Binary outcomes were compared with the
McNemar’s test. This process was performed for the
diagnosis of hip or knee arthroplasty and IBD (CD and
UC combined). Prevalence of the primary or secondary
diagnostic codes for these procedures in patients with
IBD was determined from NIS 2007.

patients with IBD than the general population.
Ehrenpreis ED, Zhou Y. Hospital costs, length of stay and
prevalence of hip and knee arthroplasty in patients with
inflammatory bowel disease. World J Gastroenterol 2017;
23(26): 4752-4758 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i26/4752.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i26.4752

INTRODUCTION
Rheumatologic complications of inflammatory bowel
disease (IBD) are common. Patients with inflammatory
bowel disease are at risk for spondyloarthropathies,
osteoporosis, bone fractures and avascular necrosis of
[1-8]
the hip . Previous studies have also indicated that
patients with inflammatory bowel disease are likely to
[9]
have longer and more complicated hospitalizations ,
especially when undergoing non-intestinal surgeries.
This may be especially true in light of the increased
risk of thromboembolic events that occurs in patients
[10]
with inflammatory bowel disease . Despite these
considerations, there has been little attention paid to
hospital outcomes in patients with IBD that undergo
orthopedic procedures. In addition, although it may
be assumed that patients with IBD are at higher risk
of undergoing arthroplasties of the hip (and possibly
the knee), the prevalence of these procedures in
the IBD patient population has not been performed.
In the current study, we utilized a large national
database of hospitalized patients we examined of the
effect of a diagnosis of IBD on hospital cost, LOS and
survival during primary hospitalizations for hip and
knee arthroplasty. We also examined the prevalence
of hip and knee arthroplasty in patients with IBD by
comparing the diagnostic codes for these procedures
in patients with IBD and a control group of patients.

RESULTS
Costs and mortality were similar for patients with IBD
and controls, but LOS was significantly longer for hip
arthroplasties patients with IBD, (3.85 +/-2.59 d vs 3.68
+/-2.54 d, respectively, P = 0.009). Costs, LOS and
survival from the procedures was similar in patients
with CD and UC compared to matched controls. These
results are shown in Tables 1-10. The prevalence of
hip arthroplasty in patients with IBD was 0.5% in 2007,
(170/33783 total patients with diagnostic codes for
IBD) and was 0.66% in matched controls (P = 0.0012).
The prevalence of knee arthroplasty in patients with
IBD was 1.36, (292/21202 IBD patients) and was 2.22%
in matched controls (P < 0.0001).
CONCLUSION
Costs and mortality rates for hip and knee arthroplasties
are the same in patients with IBD and the general
population, while a statistical but non-relevant increase
in LOS is seen for hip arthroplasties in patients with
IBD. Compared to the general population, arthroplasties
of the hip and knee are less prevalent in hospitalized
patients with IBD.
Key words: Ulcerative colitis; Outcomes; Inflammatory
bowel disease; Hip arthroplasty; Knee arthroplasty;
Hospital length of stay; Mortality; Crohn’s disease

MATERIALS AND METHODS
Data source

A review of the 2005-2011 National Inpatient Sample
database (NIS) was conducted for this analysis.
The NIS is the largest publicly available inpatient
healthcare database in the United States. It is part
of the Healthcare Cost and Utilization Project (HCUP)
sponsored by the Agency for Healthcare Research
and Quality. The NIS contains approximately a 20%
sample of discharges from all community hospitals
participating in HCUP, representative of more than
95% of the United States population. An estimated
seven million hospital admissions per year are reported
containing data on primary and secondary diagnoses
and procedures, patient demographics, hospital
characteristics, length of stay, insurance status, median
[11,12]
income by zip code and co-morbidity measures
.

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Patients with inflammatory bowel disease (IBD)
have predisposing risk factors for arthroplasty of the hip
and possibly the knee. IBD patients are also at higher
risk for thromboembolic events, and longer and more
complex hospitalizations for non-intestinal surgeries.
Despite these considerations, this study of the National
Inpatient Survey, the largest publicly available inpatient
healthcare database in the United States, demonstrates
the unexpected findings that patients with IBD have
similar costs, lengths of stay and mortality when
hospitalized for hip and knee arthroplasties. In addition,
these surgeries are significantly less prevalent in
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probability of having the co-diagnosed disease through
multivariable logistic regression with following factors:
age, gender, race, total numbers of co-morbidities
in records, total numbers of procedures in records,
admission type, insurance, income quartiles, hospital
beds, hospital control, hospital location, hospital region
and hospital teaching status. Prevalence of hip and
knee arthroplasty were determined by selecting the
group of patients from the 2007 HCUP database with
of diagnostic codes for Crohn’s disease or ulcerative
colitis and also having either primary or secondary
diagnostic codes for either hip or knee arthroplasty. A
control group for each IBD group having hip or knee
arthroplasty was then created from the 2007 database
by 3:1 matching using the categorical variables
mentioned above. Statistical analyses were performed
on SAS 9.3 (Cary, NC) Windows platform. A P < 0.05
was considered as statistically significant.
The study was reviewed by NorthShore University
HealthSystem Institutional Review Board (IRB) and
deemed appropriate for exempt status of IRB oversight
due to the de-identified nature of HCUP-NIS data.

Table 1 Comparison of length of stay, hospitalization costs,
and mortality for hip arthroplasty between patients with
inflammatory bowel disease and matched controls

Mean length of stay (d)
Mean cost of
hospitalization ($)
Deaths

IBD
(n = 1484)

No IBD
(n = 4452)

P value

3.85 ± 2.59
50074.72

3.68 ± 2.54
33161.78

0.009
0.732

0

5 (0.11)

0.340

IBD: Inflammatory bowel disease.

Table 2 Comparison of length of stay, hospitalization
costs, and mortality for knee arthroplasty between patients
inflammatory bowel disease and matched controls

Mean length of stay (d)
Mean cost of
hospitalization ($)
Deaths

IBD
(n = 1484)

No IBD
(n = 7560)

P value

3.53 ± 1.96
45319.13

3.54 ± 1.76
25714.03

0.864
0.441

4 (0.16)

16 (0.21)

0.605

IBD: Inflammatory bowel disease.

RESULTS
Sample selection

Procedure costs for hip and knee arthroplasties were
similar for patients with IBD and for controls. However,
LOS was statistically but not clinically longer for hip
arthroplasties patients with IBD compared to controls,
(3.85 +/-2.59 d vs 3.68 +/-2.54 d, respectively, P
= 0.009). Survival from the procedures was similar
in both groups. These results are shown in Tables 1
and 2. Procedure costs, LOS and survival for hip and
knee arthroplasties were also similar for patients with
CD and UC when compared to controls. Results for
patients with CD and UC undergoing hip arthroplasties
are seen in Tables 3, 4, 5 and 6. Results for patients
with CD and UC undergoing knee arthroplasties are
seen in Tables 7, 8, 9 and 10.
The prevalence of hip arthroplasty in patients with
IBD was 0.5% in 2007, (170/33783 total patients
with diagnostic codes for IBD) and was 0.66% in
matched controls (P = 0.0012). The prevalence of knee
arthroplasty in patients with IBD was 1.36% in 2007,
(292/21202 IBD patients) and was 2.22% in matched
controls (P < 0.0001).

th

The International Classification of Diseases, 9
Revision Clinical Modification (ICD-9-CM) diagnostic
codes was used to identify the study population of
interest. The ICD-9-CM is used to code and classify
morbidity data from hospitals, physicians’ offices
[13]
and National Center for Health Statistics surveys .
The dataset was created by searching NIS for all
patients presenting with ICD-9-CM codes for a primary
diagnosis of arthroplasty of the hip or knee with a codiagnosis of IBD [combining both Crohn’s disease (CD)
and ulcerative colitis (UC)] and individually for patients
with a diagnosis of CD or UC.

Statistical analysis

Continuous variables were reported as mean
± standard deviation and median (range). The
normality assumption for continuous variables was
assessed using the Shapiro-Wilk test. Continuous
variables were compared between IBD and controls
by two-sample T-test or Wilcoxon rank-sum test as
appropriate. Categorical variables were reported as
2
frequency (percentage) and were analyzed by χ
tests or Fisher’s exact test for co-diagnosed disease
vs control comparisons. Propensity score matching
method is widely used in observational studies to
reduce selection bias. To fairly compare the outcomes
of interests between for co-diagnosed disease group
and controls, we conducted the 1:2 for IBD vs controls
or 1:3 for UC and CD vs controls propensity score
matching between patients with co-diagnosed disease
[14]
vs controls using greedy 8-to-1 match algorithm .
Propensity scores were computed by modeling the
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DISCUSSION
Spondyloarthropathies are the most common extraintestinal manifestations of IBD. IBD-associated spon
dyloarthropathies have a variety of forms including
pauciarticular peripheral arthritis, polyarticular peri
[1]
pheral arthritis, sacroiliitis and spondylitis . These
and other musculoskeletal abnormalities may occur
[2-8,15-17]
in up to 50% of patients with IBD
. Although
generally treated with medical therapy, the occasional
requirement for surgery as a specific treatment of
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Table 3 Comparison of length of stay, hospitalization costs
hip arthroplasty between patients with Crohn’s disease and
matched controls
n

mean ± SD

Leght Controls 2601
of stay
CD
867
(d)
Total
Controls 2539
charges
CD
847
($)

3.70 ±
2.95
3.84 ±
2.25
48596 ±
27763.6
48941.9 ±
28236.1

Median

Min

Max

3

0

101

3

1

25

41393

7428 342434

41187

2025 372931

Table 7 Comparison of Length of stay, hospitalization costs
for knee arthroplasty between patients with crohn’s disease
1
and matched controls

P value

n
Leght
of stay
(d)

0.082

mean ± SD Median Min

Controls 4032
CD

1344

Total
Controls 3965
charges
CD
1317
($)

0.630

3.59 ±
2.22
3.57 ±
2.19
45161 ±
27971.7
44975.6 ±
26145.8

Max

3

0

82

3

0

55

38408

1002

552569

38353

8598

234950

P value
0.5894

0.5738

1

Cleaned data. CD: Crohn’s disease.

CD: Crohn’s disease.

Table 8 Comparison of mortality for knee arthroplasty
1
between patients with Crohn’s Disease and matched controls
n (%)

Table 4 Comparison of Mortality for Hip Arthroplasty between
Patients with Crohn’s disease and Matched Controls n (%)

Alive
Dead

Controls

CD

P value

2598 (99.96)
1 (0.04)

867 (100)
0 (0)

1.00

Alive
Dead

CD: Crohn’s disease.

CD

P vaule

4022 (99.83)
7 (0.17)

1341 (99.78)
3 (0.22)

0.7183

1

Cleaned data. CD: Crohn’s disease.

associated with a variety of conditions, including
hip and knee replacements are subject to public
[18-22]
reporting
. These data are a useful means to
ensure accountability for individual hospitals and to
determine areas of discrepancy in the medical system.
However, the impact of a pre-existing IBD on patient
outcomes for medical and surgical hospitalizations
has received little attention. Our group has recently
published an analysis of the NIS database that
demonstrated the surprising finding that patients with
IBD have improved survival when hospitalized for
acute myocardial infarction. We hypothesized that this
might reflect an unexpected effect of anti-inflammatory
[23]
agents, particularly TNF-alpha inhibitors .
Intestinal and non-intestinal surgery in patients
with IBD has been associated with a higher risk of
thromboembolic events, post-operative complications
[9,10,24-26]
and prolonged hospital LOS
. It would therefore
be anticipated that patients with IBD undergoing
hip or knee arthroplasties are likely to have more
complications, with higher costs, LOS and mortality
with these procedures. Because of these considerations,
patients with IBD and their healthcare providers should
benefit from a better understanding of the risks and
costs associated with undergoing these procedures.
We chose the NIS database from HCUP as it has
been previously used to investigate the epidemiology
and cost factors occurring during hospitalizations for a
[27-32]
variety of diseases
. Our study demonstrates that
the economics of hip and knee arthroscopies, including
costs, LOS and mortality, were similar for patients with
IBD and controls. The only statistical (but not clinical)
difference found was that the LOS was significantly

Table 5 Comparison of length of stay, hospitalization costs
for hip arthroplasty between patients ulcerative colitis and
matched controls
n
Leght Controls 1863
of stay
UC
621
(d)
Total
Controls 1799
charges
UC
596
($)

mean ± SD
3.72 ±
2.27
3.87 ±
3.01
50966.2 ±
29412.4
52620.7 ±
34203.1

Min

3

0

34 0.5157

3

1

49

43153
43704.5

Max

P value

Median

2703 291387 0.7605
145 307530

UC: Ulcerative colitis.

Table 6 Comparison of mortality for hip arthroplasty
between patients ulcerative colitis and matched controls n (%)

Alive
Dead

Controls

1859 (99.89)
2 (0.11)

UC

P vaule

620 (100)
0 (0)

P = 1.00

UC: Ulcerative colitis.

IBD- related spondyloarthropathies could increase
the likelihood that patients with IBD will undergo
orthopedic surgery. Patients with IBD also have up
to a 40% greater risk of bone fractures and a higher
prevalence of osteoporosis compared to the general
[1,4-6,8]
population
. Avascular necrosis of the hip may
also occur in patients with IBD receiving corticosteroid
[2,7,8]
treatment
.
Hospital LOS, complications, costs, in-hospital
adverse events, mortality and readmission rates
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Table 9 Comparison of length of stay, hospitalization costs for knee arthroplasty between patients with ulcerative colitis and
matched controls
n
Leght of stay (d)
Total charges ($)

Controls
UC
Controls
UC

3546
1182
3465
1145

mean ± SD
3.59 ± 2.24
3.50 ± 1.67
46545.8 ± 28108
46681.3 ± 27892.7

Controls

UC

P value

3535 (99.77)
8 (0.23)

1180 (99.92)
1 (0.08)

0.336

1

Cleaned data.

longer for hip arthroplasties patients with IBD, (3.85
+/-2.59 d vs 3.68 +/-2.54 d, respectively, P = 0.009).
This finding is not likely to be clinically relevant. There
were also no differences in costs, LOS and mortality
between patients carrying the specific diagnostic
codes for CD or UC and matched controls. Our study
also demonstrates the unexpected finding that in the
group of patients undergoing hospitalization, having a
diagnosis of IBD is associated with a lower prevalence
of hip and knee arthroplasties. The prevalence of
hip arthroplasty in patients with IBD was 0.5% in
2007 compared to 0.66% in 3:1 matched controls
(P = 0.0012). The prevalence of knee arthroplasty in
patients with IBD in 2007 was 1.36% compared to
2.22% in matched controls (< 0.0001).
Similarities in the costs and mortality associated
with hip and knee arthroplasties in patients with IBD,
along with relatively comparable LOS as determined
in this analysis should be reassuring to patients and
their practitioners with IBD. These findings suggest
that the immediate occurrence of complications
in the IBD patient group undergoing hip and knee
arthroplasties is probably not higher than patients
in the general public. However, this methodology
and data analysis does not determine whether late
thromboembolic events are more likely to occur in
patients with IBD. Patients with IBD are in general at
higher risk for thromboembolic events and following
these procedures, may have prolonged immobilization
and casting. For these reasons, appropriate use of
antithrombotic therapy and careful monitoring for
thromboembolic events is required in patients with IBD
subsequent to their hospitalizations for hip and knee
arthroplasty. In addition, one study showed a higher
rate of reoperation for hip arthroplasty ion patients
[33]
with IBD .
The paradox of lower prevalence of these surgeries
in hospitalized patients with IBD compared to the
general population may be explained in several ways.
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Min

Max

P value

3
3
39769
39813

1
1
2025
4550

74
30
502498
428244

0.364
0.727

It is possible that because of known risk, IBD patients
may be undergoing more intensive screening and
treatment for osteoporosis compared to the general
population. As a consequence, precautionary measures
to prevent hip fractures and other orthopedic injuries
may occur more frequently. It is also possible that
there is more hesitancy in performing these surgeries
on an elective basis in patients with IBD. Because
the NIS database reviews hospitalized patients only,
patients having the diagnostic codes for CD or UC
that are hospitalized could also represent a sicker
group of patients in whom elective procedures are
more limited. Nonetheless, the possibility that hip and
knee arthroscopies are less commonly performed in
patients with IBD should be encouraging to patients
and their healthcare providers. Evaluation of outpatient
databases and further analyses of large and patient
databases such as NIS will be required in the future to
fully understand the mechanisms associated with this
finding.
Similar to other retrospective studies that utilize
data derived from large databases, analysis of the
NIS is subject to various limitations. These include
the potential of inaccuracy of ICD-9-CM diagnostic
coding in the database and that inpatient discharge
data is only representative of hospitals participating in
[10,11]
HCUP
. When a group of patients is studied using
NIS, there is always a possibility that diagnostic codes
for chronic illnesses such as IBD may not be included
when patients are admitted to the hospital, particularly
[34]
if suffering from life-threatening conditions . Missing
data is common in large databases such as NIS and is
accounted for by statistical analysis.
In summary, this investigation of a large inpatient
database shows that the costs, LOS and mortalities
in patients undergoing arthroscopy of the hip or knee
are essentially similar in patients with IBD compared
to the general population. The study also revealed the
unexpected finding that patients with IBD have a lower
the prevalence of these procedures, possibly because
of better screening for osteoporosis improved fracture
prevention.

Table 10 Comparison of mortality for knee arthroplasty
1
between patients with ulcerative colitis and matched controls
n (%)

Alive
Dead

Median

COMMENTS
COMMENTS
Background

Comorbidity is defined as the existence of pre-existing conditions that enhance
the likelihood of adverse outcomes. By definition, the presence of preexisting
co-morbidities are expected to have a negative impact on outcomes in patients
that are hospitalized for medical conditions, including surgeries. Some studies
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have shown that patients with inflammatory bowel disease (IBD) have longer,
more complex hospitalizations, especially for non-intestinal surgeries. Because
IBD patients often develop spondyloarthropathies, osteoporosis and avascular
necrosis of the hip, the economics of orthopedic surgeries in patients with IBD
is a highly relevant topic. However, the prevalence, costs, hospital length of
stays and mortality for hip and knee arthroplasties have not been investigated
in the IBD population.
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The following are important areas of clinical research that are related to the
information provided in this study; (1) screening and treatment for osteoporosis
in patients with IBD; and (2) economics of medical care in patients with IBD.
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The economics of hip and knee arthroplasty in patients with IBD have not
been previously investigated in the medical literature. The authors’ group has
recently demonstrated that patients with IBD have improved survival when
hospitalized for acute myocardial infarction, possibly because of effects of
immunosuppressant medications[13]. In the current study, they found that
patients with IBD have similar hospital length of stays, costs and in-hospital
mortality when undergoing hip and knee arthroplasty. Compared to the general
population, these surgeries are less common in patients with IBD.
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Applications

The information obtained in this study will help clinicians understand the
economics of hip and knee arthroplasty patients with IBD. Future studies may
focus on determing the effect of screening for osteoporosis and other methods
that may lower the likelihood tat patients with IBD will require these surgeries.
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The study is well written and welcome. With practical importance, it shows no
difference between the IBD patients and general population for hip and knee
artroplasty in a large cohort of patients.
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Abstract
AIM
To evaluate sustained viral response (SVR) of 8-wk
ledipasvir/sofosbuvir therapy among non-cirrhotic,
genotype-1 hepatitis C virus (HCV) patients with RNA <
6 million IU/mL.

Conflict-of-interest statement: We have no financial relation
ships to disclose.

METHODS
We performed a retrospective cohort study to examine
SVR rates, predictors of treatment failure and safety
analysis of 8-wk ledipasvir/sofosbuvir (LDV/SOF) therapy

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
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among non-cirrhotic, genotype 1 HCV patients with
viral load < 6 million IU/mL. Primary outcome was
an achievement of SVR at 12 wk after treatment.
Secondary outcomes were identifying predictors of
treatment failure and adverse events during treatment.
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RESULTS
Total 736 patients: 55% males, 51% Caucasians and
65% were genotype 1a. Non-cirrhotic state of 53% was
determined by clinical judgment (imaging, AST, platelet
count) and 47% had documented liver fibrosis testing
(biopsy, vibration-controlled transient elastography,
serum biomarkers). Overall SVR12 was 96%. No
difference in SVR12 was seen between patients whose
non-cirrhotic state was determined by clinical judgment
and patients who had fibrosis testing. Age groups,
gender, ethnicity and genotype 1 subtype did not
predict SVR. Non-cirrhotic state determined by clinical
judgment based on simple, non-invasive tests were
not associated with lower SVR [OR = 1.02, 95%CI:
0.48-2.17, p = 0.962]. The AUROC for hepatitis C RNA
viral load was 0.734 (p < 0.001, 95%CI: 0.66-0.82).
HCV RNA 2.2 million IU/mL was identified as the
cutoff value with sensitivity 73% and specificity 64%.
HCV RNA < 2.2 million IU/mL was associated with
significantly higher SVR 98% with OR = 0.22 (95%CI:
0.1-0.49, p < 0.001) compared to SVR 92% in HCV
RNA ≥ 2.2 million IU/mL. No death or morbidities were
reported.

INTRODUCTION
Hepatitis C virus (HCV) infection is a major cause of
cirrhosis, hepatocellular carcinoma and liver-related
[1]
mortality . Recent studies estimate the prevalence of
HCV to be between 1.2%-1.5% in the United States,
which is approximately 4.5-5 million. This population
is composed of 1 million incarcerated/homeless
individuals, hospitalized patients, and people living
on Indian reservations, and also includes 3.6 million
from the 2003-2010 National Health and Nutrition
[2,3]
Examination Survey . The prevalence of HCV is
declining, but HCV-related cirrhosis is still expected
[4]
to peak in the year 2020 . Therefore, effective, safe
and well-tolerated treatment regimens with shorter
duration are urgently needed.
Hepatitis C treatment has evolved from a 78-wk
interferon monotherapy to 48-wk pegylated interferon
plus ribavirin therapy and now 12-wk therapy with
newer all-oral direct-acting antiviral (DAA) agents.
DAA regimens have revolutionized the treatment of
hepatitis C with their excellent sustained virologic
response (SVR), tolerable side effect profiles and shorter
duration of therapy. Despite the high cost of newer
DAAs, a cost-effective analysis has demonstrated that
ledipasvir/sofosbuvir (LDV/SOF)-based regimens will
reduce long-term HCV-related complications and are
[5]
cost-effective in the majority of chronic HCV patients .
ION-3 trial demonstrated that an 8-wk LDV/SOF
therapy in non-cirrhotic, treatment naïve genotype 1 HCV
patients with HCV RNA < 6 million IU/mL is non-inferior
[6]
to 12-wk LDV/SOF therapy (SVR: 94% vs 95%) . The
shorter duration of treatment can remarkably increase
patient compliance and substantially reduce treatment
cost. Real-world studies have reported that SVR rates
[7-10]
are comparable to those observed in ION-3 trial
.
However, conflicting data has been reported by a
large real-world cohort from Veteran’s Affairs in which
researchers found that non-cirrhotic patients with HCVRNA < 6 million IU/mL were less likely to achieve SVR
with 8-wk LDV/SOF treatment compared to 12-wk
[9]
treatment .
Eight-week LDV/SOF therapy for non-cirrhotic,
genotype 1 HCV patients is not included in HCV guide
lines by American Association for the Study of Liver
Diseases and Infectious Diseases Society of America
due to lack of real-world validation for comparable SVR
[11]
with 12-wk therapy . European Association for the
Study of the Liver and United States Food and Drug
Administration recommend considering 8-wk therapy
with caution in treatment-naïve genotype-1 HCV
patients without cirrhosis who have pre-treatment viral
[12,13]
load < 6 million IU/mL
. We contemplated that

CONCLUSION
Our outcomes validate safety and effectiveness of
8-wk LDV/SOF therapy in non-cirrhotic, untreated HCV
genotype 1 patients with HCV RNA < 6 million IU/mL.
Key words: Hepatitis C; sustained viral response;
ledipasvir; cirrhosis; sofosbuvir
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We highlight that sustained viral response
(SVR) outcomes in patients with their non-cirrhotic
status determined by clinical judgment using simple,
cheap, non-invasive tests such as platelet count,
sonographic finding of spleen size and hepatic mor
phology, are comparable with those who had specialized
tests such as liver biopsy, vibration-controlled transient
elastography or specialized serum biomarker test. We
also validate the fact that hepatitis C virus (HCV) RNA
plays a role in predicting SVR (AUROC = 0.743, 95%CI:
0.66-0.82) with a cutoff value of 2.2 million IU/mL.
Significantly higher 98% SVR was observed among HCV
RNA < 2.2 million IU/mL, compared to 92% SVR with
HCV RNA ≥ 2.2 million IU/mL.
Latt NL, Yanny BT, Gharibian D, Gevorkyan R, Sahota AK.
Eight-week ledipasvir/sofosbuvir in non-cirrhotic, treatment-naïve
hepatitis C genotype-1 patients with hepatitis C virus-RNA < 6
million IU/mL: Single center, real world effectiveness and safety.
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shorter duration of treatment could provide the lower
cost, the higher patient compliance and adherence as
long as the shorter duration therapy can provide the
comparable outcomes. We performed a retrospective
cohort study to examine the SVR rates, the predictors
of treatment failure and the safety analysis of 8-wk
LDV/SOF therapy among non-cirrhotic, previously
untreated genotype-1 HCV patients with viral load < 6
million IU/mL.

the final study analysis.

Study design

We conducted a retrospective cohort study from
December 2015 to December 2016, of all patients
who had completed 8-wk LDV/SOF therapy. Patient’s
clinical and demographic information was captured
from KPSC-EMR system. We developed a standardized
protocol with explicit criteria for data abstraction
including pre- and post-treatment laboratory results,
co-morbid medical conditions, liver biopsy (Metavir
fibrosis staging), VCTE (kilopascal), FIBROSPECT Ⅱ
test (serum biomarkers), adverse events, clinic/urgent
care/emergency department visits and hospitaliza
tions during treatment. Two data abstractors, who
are familiar with the EMR system, collected the data
according to the protocol criteria to maximize the interrater reliability of data abstraction.

MATERIALS AND METHODS
Study population

Kaiser Permanente Southern California (KPSC) is
a large, integrated healthcare system with over 4
million members. Integrated healthcare is delivered to
members at 14 medical centers throughout the region.
All interactions with the healthcare system, such
as clinic/emergency department/urgent care visits,
hospital admissions and outpatient laboratory tests
are captured in an integrated electronic medical record
(EMR) system and the data is available for research
purposes. Emergency care delivered at outside facilities
is captured in a claims system that is also available.
The KPSC Regional guidelines for 8-wk LDV/SOF
therapy were developed and all providers were notified
for eligibility criteria: genotype-1, non-cirrhotic, HCVRNA < 6 million IU/mL and no prior treatment failure.
Cirrhotic status of some patients was confirmed by
liver biopsy or other non-invasive testing such as
vibration-controlled transient elastography (VCTE) or
FIBROSPECT Ⅱ test in some KPSC centers. In some
patients, non-cirrhotic status of some patients was
determined by clinical judgement of treating healthcare
providers using sonographic morphology of the liver,
the spleen size and the platelet count in other KPSC
centers. All patients with platelet count less than 150 ×
9
10 /L underwent a form of hepatic fibrosis testing such
as liver biopsy, VCTE or FIROSPEcT Ⅱ. Every patient
had hepatic sonography and baseline laboratory testing
prior to hepatitis C treatment. We developed a protocol
for KPSC nurse practitioners, physician assistants and
pharmacists, who specialized in hepatitis C treatment,
to document intended treatment duration and rationales,
pre-treatment testing and close monitoring of patients
during treatment such as laboratory testing every 2
wk, calling/messaging to identify any barriers/adverse
events and providing coping mechanisms/strategies if
any event occurred.
Inclusion criteria: patients with age ≥ 18 years,
HCV viral load < 6 million IU/mL, no cirrhosis or prior
treatment failure and who had received 8-wk LDV/
SOF therapy for chronic HCV genotype-1 infection.
Exclusion criteria: patients without SVR12 (SVR at
12 wk after end of treatment) data, patients who did
not complete the intended therapy and patients who
missed doses for more than seven consecutive days.
Individuals who fulfilled above criteria were included in

WJG|www.wjgnet.com

Safety analysis

Patient reported side effects such as fatigue, headache,
insomnia, arthralgia/myalgia, nausea, cough, rash,
dizziness, diarrhea, pruritus, irritability and edema,
were recorded. Serious adverse events were defined
as any event requiring care at the emergency depart
ment or hospital admission.

Study outcome

Primary outcome of our study was achievement of SVR
at 12 wk after treatment. Secondary outcomes were
identifying predictors of treatment failure and adverse
events during treatment. SVR was defined as nondetectable level of HCV-RNA test.

Statistical analysis

For the primary endpoint evaluating SVR12 and for
the evaluation of adherence, the final analysis was
restricted to per-protocol fashion of those patients who
completed therapy and returned for follow-up HCVRNA testing 3 mo after the end of treatment. The
rationale to exclude patients who were lost to followup was to counter artificial lowering of the calculated
SVR rates. Descriptive statistics were used to compare
the baseline differences between those individuals
who did or did not achieve SVR12. We used cross2
tabulation with Pearson χ test to determine the
significant difference between categorical variables and
2-tailed Independent-samples t-test to determine the
significant difference between 1 categorical variable
and 1 quantitative variable. We used multivariate
logistic regression to estimate OR and 95%CI to
identify predictors of treatment failure while adjusting
for confounding variables. All data were entered into
and analyzed using IBM SPSS Statistics 20 (IBM,
Armonk, NY, United States).

RESULTS
We identified total of 775 non-cirrhotic, genotype 1
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Assessed for eligibility (n = 2900)
Adult patients with age ≥ 18 yr
st
st
Received SOF/LDV therapy between Jan 1 2015 and Dec 31 2015
Excluded (n = 2125)
Cirrhosis
Prior treatment failure
12-wk LDV/SOF therapy
Inclusion of ribavirin

Eligible patients (n = 775)
Non-cirrhotic
Genotype 1
No prior treatment failure
HCV RNA < 6 million IU/mL
Received 8-wk LDV/SOF therapy

Excluded (n = 39)
Lost to follow-up after treatment (n = 33)
Discontinued (n = 4)
Missed doses > 7 d (n = 2)

Included for chart review and final analysis (n = 736)

Figure 1 Flow chart of patient selection process. This flow chart summarizes patient identification for eligibility and inclusion/exclusion criteria.
SVR12

SVR12

SVR12

98

98

96

96

95

92

Male

97
98
96

ia
n/

Pa

cif

-A
m
er
ica

ic

n

96

Af

ric
an

Ca

uc
as

ia

o

n

96

tin

AGE > 65

La

AGE 55-65

As

94
AGE < 55

Female

SVR12

SVR12

97

Clinical judgement

Fibrosis testing

HCV RNA < 2.2 million HCV RNA ≥ 2.2 million
IU/mL
IU/mL

Figure 2 Sustained virologic response rates among patients with various clinical and demographic characteristics. SVR: sustained viral response.

HCV patients with HCV-RNA < 6 million IU/mL who
received 8-wk LDV/SOF treatment. Seven hundred and
thirty-six patients were included in the final analysis
after exclusion of patients who reported missing
doses, discontinued treatment due to adverse events
and patients who did not follow-up for SVR12. Figure
1 demonstrates the flow chart of patient selection
process.
The demographic and clinical characteristics of
patients are outlined in Table 1. The mean age was
58 years, 55% were males, 51% were Caucasian
and 65% had genotype 1a infection. Fifty-three
percent of patients considered to be non-cirrhotic
were determined by healthcare providers based on
clinical judgement (platelet count, spleen size, hepatic
morphology on ultrasound) and 47% patients had
documented liver fibrosis testing (43% liver biopsy, 3%
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VCTE and 0.4% FIBROSPECT II). Mean HCV-RNA log10
was 6.2.
Table 2 demonstrates the study outcomes (SVR).
Overall SVR12 was 96%. None of the patients who
achieved SVR12 had viral relapse at 24-wk post
treatment. Fifty-nine percent patients had SVR24
data at the time of analysis. We found no difference
in SVR12 between patients whose non-cirrhotic state
was determined by clinical judgment and patients
who had fibrosis testing. No significant difference in
SVR12 was seen among gender, genotype 1 subtype,
ethnicity, type of fibrosis tests and fibrosis stages.
Special populations; those co-infected with HIV and
HBV achieved 100% SVR12. When reviewed by age
groups, patients with age > 65 years had lower SVR
compared to age groups 55-65 and < 55 years but no
statistical significance was observed (Figure 2).
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Table 1 Demographic and clinical characteristics of patients
prior to hepatitis c treatment n (%)

0.8

n = 736

Age, mean ± SD (yr)
58 ± 10
Range
(23-85)
Male sex
403 (55)
Ethnicity
Caucasian
374 (51)
African American
178 (24)
Hispanic
158 (21)
Asian/Pacific islanders
26 (4)
HCV genotype-subtype
1a
475 (64)
1b
242 (33)
1 without confirmed subtype
19 (3)
Liver biopsy
317 (43)
Vibration-controlled transient elastography
25 (3)
FIBROSpect Ⅱ
3 (0.4)
Overall fibrosis score
Stage 0
45 (13)
Stage 1
164 (48)
Stage 2
104 (30)
Stage 3
29 (8)
Stage 3-4 or 4
2 (1)
Non-cirrhotic state determined by clinical judgement
391 (53)
HCV RNA - log10 IU/mL, mean ± SD
6.2 ± 0.2
HCV RNA ≥ 2.2 million IU/mL
219 (30)
Pre-treatment laboratory values
GFR, mean ± SD (Range)
79 ± 11 (40-89)
Platelet count (103/mm3), mean ± SD (Range)
218 ± 55 (45-495)
INR, mean ± SD (Range)
0.99 ± 0.7 (0.8-1.3)
Albumin, mean ± SD (Range)
3.9 ± 0.4 (2.1-5.1)
Missing
101 (14.0)
Co-morbid conditions
Psychiatric diagnoses
145 (20.0)
Chronic kidney disease
35 (5.0)
Psoriasis
16 (2.0)
HIV co-infection
5 (0.7)
Cryoglobulinemia
4 (0.5)
HCV-related glomerulonephritis
2 (0.3)
HBV co-infection
2 (0.3)
Hepatocellular carcinoma
1 (0.1)

Sensitivity

Characteristics

ROC curve

1.0

0.6

0.4

0.2

0.0
0.0

0.2

0.4

0.6

0.8

1.0

1-Specifivity

Figure 3 Area under a receiver operating characteristic curve for hepatitis
C RNA viral load was 0.734 (p < 0.001, 95%CI: 0.66-0.82).

Table 4 reveals the safety analysis of the patients
who received 8-wk LDV/SOF therapy. Three (0.5%)
patients discontinued treatment due to intolerable
adverse events: severe rheumatoid arthritis exacer
bation, intractable nausea and declining renal function
with glomerular filtration rate 22. One patient who
developed drug-induced liver injury (DILI) from LED/
SOF therapy with positive biopsy findings discontinued
the treatment. Interestingly, one of two patients who
were excluded from the study due to missing more
than 7 d of therapy achieved SVR. This patient HCVRNA was 625000 IU/mL. No death or significant
morbidities were reported. Four (0.5%) patients
experienced serious adverse events during therapy:
2 were hospitalized for observation to evaluate noncardiac chest pain, 1 was hospitalized for DILI and
1 was due to emergency department admission for
pneumonia. The most common minor adverse events
were fatigue (14%), headache (13%), insomnia (5%),
arthralgia/myalgia (4%) and nausea (4%).

HCV: Hepatitis C virus; HBV: Hepatitis B virus; GFR: glomerular filtra
tion rate; INR: International normalized ration; HIV: human immuno
deficiency virus.

DISCUSSION
We found that HCV RNA viral load plays a role in
predicting SVR with high accuracy - the area under
a receiver operating characteristic (AUROC) was
0.743 (95%CI: 0.66-0.82) with a cutoff value of 2.2
million IU/mL, as depicted in Figure 3. A significantly
lower SVR was observed among patients with HCVRNA more than 2.2 million IU/mL (91% vs 98%, p
< 0.001). Table 3 exhibits the odds ratios for SVR12
in multivariate logistic regression. We found that
patients with HCV-RNA less than 2.2 million IU/mL
were more likely to achieve SVR compared to those
with more than 2.2 million IU/mL (OR = 0.22, 95%CI:
0.1-0.49, p < 0.001). Age groups, gender, ethnicity
and genotype 1 subtype did not predict SVR. Noncirrhotic state determined by clinical judgment based
on simple, non-invasive tests was not associated with
lower SVR (OR = 1.02, 95%CI: 0.48-2.17, p = 0.962).
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Our findings have validated that SVR rate of 8-wk
LDV/SOF therapy in treatment naïve, non-cirrhotic,
genotype 1 HCV patients with RNA < 6 million IU/mL is
comparable with clinical trials and preliminary outcomes
[7-9]
from small real-world studies . We demonstrated
that there is no difference in SVR between patients
whose cirrhosis state was determined by fibrosis
testing or clinical judgment. All patients had at least
baseline ultrasound of the liver and blood tests such as
transaminases levels, platelet count and International
normalized ration. We calculated overall fibrosis stages
on biopsy, VCTE and FIBROSPECT Ⅱ and found no
difference in SVR across fibrosis stages although very
few patients had stage 0, 3 and 4. Our finding suggests
that clinical judgment of non-cirrhotic state results
in same outcome of SVR 96% compared to SVR of
patients who had liver biopsy, VCTE or FIBROSPECT
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Table 2 Sustained viral response 12 rate by various patient characteristics for non-cirrhotic patients with genotype 1 hepatitis C
virus infection treated with 8-week ledipasvir/sofosbuvir therapy
SVR12 (%) (n = 736)

Characteristics
Overall
Non-cirrhotic state determined by clinical judgement
Non-cirrhotic state determined by biopsy, VCTE, FIBROSPECT Ⅱ
HCV RNA ≥ 2.2 million IU/mL
HCV RNA < 2.2 million IU/mL
HIV co-infection
HBV co-infection
Gender
Male
Female
HCV genotype-subtype
1a
1b
Undetermined
Ethnicity
Caucasian
African American
Hispanic
Asian/Pacific Islander
Age groups
< 55 yr
55-65 yr
> 65 yr
Fibrosis Tests
Liver biopsy
Vibration-controlled transient elastography
FIBROSPECT Ⅱ
Overall fibrosis stage (cumulative: biopsy/VCTE/FIBROSPECT Ⅱ)
Stage 0
Stage 1
Stage 2
Stage 3
Stage 4

96 (708/736)
96 (376/391)
96 (332/345)
92 (201/219)
98 (507/270)
100 (6/6)
100 (2/2)

p value
0.962
< 0.001

0.071
95 (383/403)
98 (325/333)
0.414
96 (454/475)
98 (236/324)
95 (18/19)
96 (357/374)
96 (171/178)
98 (155/158)
96 (25/26)

0.544
0.311

97 (216/223)
97 (369/382)
94 (123/131)
0.489
97 (306/317)
92 (23/25)
100 (3/3)
98 (44/45)
95 (155/164)
98 (102/104)
97 (28/29)
100 (2/2)

0.611

HCV: Hepatitis C virus; VCTE: vibration-controlled transient elastography; SVR: sustained viral response.

Table 3 Odds ratios for sustained viral response at 12 week in multivariate logistic regression for non-cirrhotic, hepatitis c genotype
1 patients treated with 8-week ledipasvir/sofosbuvir therapy
OR (95%CI) for SVR12 (n = 736)

Characteristics
Age 55-65 yr (ref. < 55)
Age > 65 yr (ref. < 55)
Male (ref. female)
African-American (ref. Caucasian)
Hispanic (ref. Caucasian)
Asian/Pacific Islander (ref. Caucasian)
Non-cirrhotic state determined by clinical judgement (ref. Fibrosis Test: biopsy/VCTE/FIBROSPECT)
HCV RNA ≥ 2200000 IU/ml (ref. < 2200000 IU/ml)
HCV genotype - subtype 1b (ref. 1a)

0.92 (0.36-2.34)
0.5 (0.18-1.41)
0.47 (0.21-1.08)
0.84 (0.11-6.57)
2.07 (0.21-20.66)
0.98 (0.16-8.28)
1.02 (0.48-2.17)
0.22 (0.1-0.49)
2.19 (0.25-19.15)

P value
0.861
0.188
0.077
0.868
0.537
0.983
0.962
< 0.001
0.480

HCV: Hepatitis C virus; VCTE: vibration-controlled transient elastography; SVR: sustained viral response.

tests.
In our cohort, all patients had pre-treatment HCVRNA < 6 million IU/mL. We divided to 2 subgroups
containing RNA < 800000 IU/mL and > 800000 IU/mL.
We found that patients with lower RNA < 800000
IU/mL achieved significantly higher SVR compared
to patients with higher RNA in both univariate and
multivariate analyses. This finding suggests that HCV
viral load plays an important role in predicting SVR
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although the determination of the optimal cut-off value
of HCV-RNA level to consider 8-wk therapy to achieve
[14]
SVR is currently not available . Our study highlights
that HCV RNA 2.2 million IU/mL was associated
significant impact on outcomes with AUROC 0.73.
While female gender and Latino ethnicity achieved
slightly higher SVRs, there is no statistical difference
compared to male gender and other ethnicities. We
found no difference in SVR rates between African-
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whose non-cirrhotic state was determined by clinical
judgment and patients who had fibrosis testing. HCV
RNA less than 2.2 million IU/mL was associated with
significantly higher SVR. LDV/SOF therapy is safe and
well-tolerated with high adherence rates. Therefore,
8-wk LDV/SOF therapy can be used in selected subset
of patients with chronic HCV genotype 1 infection who
meet aforementioned clinical criteria. Further studies
are in need to evaluate and validate HCV RNA cutoff
value to achieve the optimal more than 95% of SVR.

Table 4 Adverse events, hospital admissions and dis
continuation rates of patients with genotype 1 hepatitis
C virus infection who received 8-wk ledipasvir/sofosbuvir
therapy
Adverse events
No. adverse event, mean ± SD (Range)
Serious adverse events
Hospital admissions
Non-cardiac chest pain
Drug-induced liver injury
Pneumonia
Minor adverse events
Fatigue
Headache
Insomnia
Arthralgia/myalgia
Nausea
Cough
Rash
Dizziness
Diarrhea
Pruritus
Irritability/anxiety
Edema
Discontinuation
Drug-induced liver injury
Severe rheumatoid arthritis exacerbation
Intractable nausea
Decreased renal function during treatment (GFR < 30)
Death

n (%)
0.5 ± 0.7 (0-6)
4 (0.5)
2
1
1

COMMENTS
COMMENTS

104 (14)
98 (13)
35 (5)
29 (4)
29 (4)
15 (2)
19 (3)
12 (2)
14 (2)
11 (1)
10 (1)
2 (< 0.5)
4 (0.5)
1
1
1
1
0

Background

Hepatitis C treatment has evolved from a 78-wk interferon monotherapy to
48-wk pegylated interferon plus ribavirin therapy and now 12-wk therapy
with newer all-oral direct-acting antiviral (DAA) agents. DAA regimens have
revolutionized the treatment of hepatitis C with their excellent sustained
virologic response (SVR), tolerable side effect profiles and shorter duration of
therapy. Although ION-3 trials and other real-world studies have revealed that
8-wk ledipasvir/sofosbuvir therapy is effective and has comparable sustained
viral response outcomes for non-cirrhotic patients who have untreated
genotype-1 hepatitis C virus (HCV) infection and HCV RNA < 6 million IU/mL,
the current AASLD guidelines recommend 12-wk therapy. Eight-week therapy
may provide significantly lower cost, better patient compliance and adherence.

Research frontiers

The authors validated that SVR outcomes in 8-wk LED/SOF therapy was
comparable with 12-wk therapy in this large, real-wold cohort.

GFR: glomerular filtration rate.

Innovations and breakthroughs

This study highlights that HCV RNA 2.2 million IU/mL was associated significant
impact on outcomes with AUROC 0.73. Patients with HCV RNA more than 2.2
millon IU/mL were observed to have significantly lower SVR (92% vs 98%, p
< 0.001). They found no difference in SVR rates between African-Americans
and Caucasians in contrast to other studies which demonstrated the decreased
likelihood of SVR in African-American population.

Americans and Caucasians in contrast to other studies
which demonstrated the decreased likelihood of SVR in
[12]
African-American population .
The wholesale acquisition cost for LDV/SOF com
bination drug in the United States is $1125 per pill.
Cost of 8-wk course of therapy is $63000 and cost of
12-wk course is $94500 - net cost saving of $31500
per patient when 8-wk treatment is administered.
Healthcare expenses can substantially be reduced by
selecting 8-wk LDV/SOF therapy in treatment-naïve,
non-cirrhotic genotype 1 HCV patients.
The strengths of our study are its real-world ex
perience and an integrated healthcare model involving
all clinical services. We were able to abstract data
regarding all clinic/emergency department/urgent
care visits, hospitalizations, telephone/electronicmail encounters and all laboratory tests from the inte
grated EMR system. All providers used KPSC-Regional
HCV treatment guidelines which is readily available
on the EMR system for review. Treatment duration,
reasons for discontinuation and medication compliance
were clearly documented. All patients in the final
analysis had good post-treatment follow ups with
available SVR12 data. The limitation of our study is its
retrospective nature.
In conclusion, our outcomes from real-world cohort
validate high SVR rates in non-cirrhotic, treatment
naïve HCV genotype 1 patients with HCV RNA < 6
million IU/mL who received 8-wk LDV/SOF therapy.
There was no difference in SVR between patients
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Applications

This study validate other real-world studies which have shown that 8-wk therapy
in selected subset of patients (non-cirrhotic, untreated, genotype-1 with HCV
RNA < 6 million IU/mL) is effective and comparable to 12-wk therapy. We can
apply these findings and amend changes in national guidelines regarding HCV
treatment which can save significant amount of HCV treatment cost and boost
patient compliance and adherence.

Peer-review

this study is good, and it's important knowledge for clinicians before treating
HCV patients.
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Abstract
AIM
To report early imaging assessment of ablated area
post electrochemotherapy (ECT) in patients with locally
advanced pancreatic cancer (LAPC).

Informed consent statement: All patients enrolled have signed
the informed consensus.

METHODS
ECT was performed in 19 LAPC patients enrolled in an
approved ongoing clinical phaseⅠ/Ⅱ study. Before and
after ECT, 18 patients underwent computed tomography
(CT) scan, 11 patients underwent morphological and
functional magnetic resonance (MR) scan (dynamic
contrast enhanced-MRI) calculating wash-in slope (WIS)
and wash-out slope (WOS); diffusion weighted imaging
calculating pseudo-diffusivity (Dp), perfusion fraction
(fp) and tissue diffusivity (Dt); 10 patients underwent
positron emission tomography (PET). Response
evaluation criteria in solid tumour (RECIST) on MR and
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CT were used to assess tumour therapy response. Choi
on CT, PET response criteria in solid tumors (PERCIST)
on PET and functional parameters on MR were used to
evaluate treatment response.

23(26): 4767-4778 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i26/4767.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i26.4767

RESULTS
For each patient no significant reduction was mea
surable by CT and MR using RECIST. According Choi
criteria a partial response was obtained in 18/18
(100.0%) patients. According PERCIST criteria 6/10
(60.0%) patients showed a partial response, 3/10
(30.0%) stable disease and 1/10 (10.0%) progression
disease. Moreover, using functional MR parameters, a
significant reduction of viable tumour after ECT can be
observed. According ΔWIS and ΔWOS 9/11 (81.8%)
patients exhibited a partial response and 2/11 (18.2%)
stable disease; 8/11 (72.7%) patients were considered
in partial response by ΔDp evaluation and 3/11 (27.3%)
in stable disease; according ΔDt 7/11 (63.6%) patients
showed a partial response, 1/11 (9.1%) showed
progression of disease and 3/11 (27.3%) were stable.
Perfusion fraction fp showed a significant reduction
after ECT only in four patients. No significant difference
was observed after ECT in signal intensity of T1weighted images and T2-weighted images, and in
2
equilibrium-phase of contrast study, according to χ
test was observed. A good correlation was reported
between ΔHounsfield unit and Δmaximum standardized
uptake value and between Δfp and ΔWOS, with a
significant statistically difference (p < 0.05) using
Spearman correlation coefficient.

INTRODUCTION
Adenocarcinoma of pancreas is among the most
aggressive forms of cancer. Surgical resection is the
only potentially curative treatment for pancreatic
cancer. Unfortunately, the majority of patients have
grossly unresectable disease; over 80% of patients
with pancreatic cancer have locally advanced or
[1]
metastatic disease . Current standard therapy is
chemotherapy and/or radiotherapy. The most frequently
used chemotherapy agent in LAPC was Gemcitabine;
moreover some studies have shown the combination
of Gemcitabine with other chemotherapy agents
[1-4]
increases overall survival . Because a limited group
of patients responds to chemotherapy, additional
therapies were explored in order to obtain tumor
[5-8]
debulking or interstitial ablation . A potential therapy
was the electroporation that can be delivered in
[9-11]
either an irreversible
, as a direct ablation modality,
[12-15]
or a reversible manner
, as a physical delivery
system, based on the strength and duration of the
electrical field. Reversible electroporation has been
performed to increase uptake of chemotherapy into
tumor cells. Reversible electroporation combined with
low doses of chemotherapeutic drugs was known as
[15]
Electrochemotherapy (ECT) . The delivering of an
electrical field determines a transient increase of cell
permeability with a consequent increase of intracellular
dose of chemotherapeutic drugs, using low doses and
[12-15]
reducing the chemotherapy cytotoxic effects
.
Preclinical studies showed the effectiveness of ECT
[15,16]
on pancreatic cancer
. Our previous studies in
vestigated the safety and effectiveness of ECT in
[17,18]
patients with locally advanced pancreatic cancer
.
[19]
Recently, Tarantino et al
investigated the feasibility
of percutaneous electrochemotherapy in the treatment
of portal vein tumor thrombosis at hepatic hilum in
patients with hepatocellular carcinoma in cirrhosis.
Until now oncologic therapy is principally based
on different combinations of surgery, radiotherapy,
and chemotherapy, however targeted therapies,
hormonotherapy, immunotherapy, and interventional
techniques, with the introduction a new promise ablation
techniques to treat deeper tumors have emerged as
[17-23]
alternative potential cancer treatments
. Currently,
standard imaging techniques and morphologic response
criteria do not provide the necessary information to
evaluate tumor response. Magnetic resonance imaging
(MRI) offers a combination of anatomic, physiologic,
and molecular information, which may overcame these
limitations, and is being increasingly used for therapy
[23,24]
response assessment
.
The purpose of our study is to report the early

CONCLUSION
Perfusion and diffusion MR derived parameters, Choi,
PERCIST criteria are more performant than morpho
logical MR and CT criteria to assess ECT treatment
response.
Key words: Reversible electroporation; Response
assessment; positron emission tomography/computed
tomography; Pancreatic cancer; Magnetic resonance
imaging
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Aim of this study was to assess and to
report early imaging assessment of ablated area post
electrochemotherapy in patients with locally advanced
pancreatic cancer emphasizing the role of new func
tional imaging tools in magnetic resonance imaging
compared to standard morphological response evalua
tion criteria in solid tumour, Choi criteria and positron
emission tomography response evaluation criteria in
solid tumour.
Granata V, Fusco R, Setola SV, Piccirillo M, Leongito M,
Palaia R, Granata F, Lastoria S, Izzo F, Petrillo A. Early
radiological assessment of locally advanced pancreatic cancer
treated with electrochemotherapy. World J Gastroenterol 2017;
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treated with FOLFIRINOX before ECT treatment (mean
time between the start of chemotherapy treatment
and ECT was 118 d, range 115-136). The patients with
stable disease or partial response after chemotherapy,
proven by clinical and radiological examination, were
suitable to receive ECT treatment.

Table 1 Characteristics of locally advanced pancreatic cancer
patients treated with electrochemotherapy
Patients (n = 19)
Histotype, %
Adenocarcinoma
Location, %
Head
Body/tail
Largest diameter lesion, cm (range)
Venus involvement (SMV or PV), %
Yes
No
Arterial encasement, %
Yes
No

100 (19/19)
57.9 (11/19)
42.1 (8/19)
5.2 (2.2-9.9)

Treatment protocol

ECT was delivered in open laparotomy through an
adequate midline incision to allow both appropriate
staging of the disease and appropriate mobilization
of the pancreatic malignancy based on its tumor loca
tion and infiltration. In the case of pancreatic head
lesions, an extensive Kocher maneuver was performed
in order to mobilize the duodenum and the head of
the pancreas over the area of local invasion to allow
easier caudal and cranial needle placement. Similarly,
mobilization of the transverse colon were done
inferiorly, depending on the degree of infiltration. In
this way, the surgeon who performed the treatment
was able to decide whether to use needle electrodes
with fixed geometry (hexagonal or linear) or with
variable configuration using multiple insertion of
single-needle; through the transverse mesocolon or,
if the mobilization of the transverse mesocolon was
impossible, the needle electrodes were inserted superior
to the base of the transverse mesocolon.
Bleomycin was administrated intravenously (15000
2
IU/m ) before the application of electrical pulses to
the target area. Electric pulses were applied by needle
electrodes with linear, hexagonal configuration or
variable geometry (IGEA S.p.A., Carpi, Italy) depending
on the size and location of the tumors. Cliniporator™
(IGEA S.p.A., Italy) was used to deliver electric
voltage with the following parameters: 8-96 pulses of
400-1000 V and 910-1000 V/cm, of 100 μs duration,
at 1-5000 Hz repetition frequency in according to
ESOPE (European Standard Operating procedure of
[28]
Electrochemotherapy) protocol
or a single pulse
for a single relived R-wave (ECG synchronization) for
custom geometry. Electric impulses were synchronized
with the ECG for a safe delivery of the electric im
pulses to pancreas. ECG synchronization was obtained
with Accusync 42 (medical device provided by IGEA
S.p.A., Carpi, Italy). Treatment was completed within
the window from 8 to 28 min after the end of the
bleomycin bolus.

84.2 (16/19)
15.7 (3/19)
57.9 (11/19)
42.1 (8/19)

imaging assessment of treated area with ECT in locally
advanced pancreatic cancer, emphasizing the role
of new functional imaging tools in MRI compared to
standard morphological response evaluation criteria in
[25]
[26]
solid tumour (RECIST), Choi and PERCIST criteria .

MATERIALS AND METHODS
Study population

The patients were enrolled in a clinical phaseⅠ /Ⅱ
study approved by the Ethical Committee of the
National Cancer Institute “G. Pascale Foundation IRCCS” of Naples (deliberation n. 482 of 02/07/2014).
The study endpoints were the feasibility and safety of
ECT in the multimodal treatment of pancreatic cancer
in patients with locally advanced disease and not
suitable for radical surgery.
Nineteen patients (9 female and 10 male) from
November 2011 to December 2016 were enrolled
in this prospective study. Inclusion criteria were:
age between 18-80 years; good mental health; life
expectancy ≥ 3 mo; histologically confirmed diagnosis
of pancreatic adenocarcinoma; locally advanced
disease (stage Ⅲ ) confirmed with preoperative
radiological assessment, unfit for curative surgery.
Exclusion criteria were: pregnant women, significant
heart disease, coagulation disturbances, allergy to
bleomycin, lung and kidney dysfunction, implanted
defibrillator or pacemaker, concomitant presence of
distant metastases. All patient enrolled have signed
the informed consensus.
All patients enrolled with diagnosis of locally
advanced pancreatic adenocarcinoma received
systemic chemotherapy before ECT treatment. Patient
characteristics were summarized in Table 1. Two
chemotherapy regimens were adopted: Gemcitabine
+ Oxaliplatin (GEMOX) or 5-FU/Leucovorin, Irino
tecan, and Oxaliplatin (FOLFIRINOX). Details of
chemotherapy regimens were reported in our previous
[27]
publication .
Fourteen (14/19, 73.9%) patients were subjected
to GEMOX and five patients (5/19, 26.3%) were

WJG|www.wjgnet.com

Imaging techniques

According to the study protocol, the patients under
went baseline MRI and/or computer tomography (CT)
18
and/or F-FDG positron emission tomographic (PET)/
CT study 5-7 d before ECT and post-treatment at 1,
3, 6 and 12 mo. Long-term follow-up was carried out
with radiological imaging obtained every three months
in the time thereafter.
We considered, in this paper, only the morphological
and functional results obtained in CT, PET/CT and MR
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Table 2 Parameters for each magnetic resonance sequence
2

Sequence

Orientation TR/TE/FA (ms/ms/deg.) FOV (mm ) Acquisition matrix Slice thickness/gap (mm)

HASTE T2-W
FLASH T1-W, in-out phase
FLASH T1-W, out phase
DWI
VIBE T1-W
TWIST T1-W, Pre and post contrast agent injection

Axial
Axial
Axial
Axial
Axial
Axial

1500/90/180
160/4.87/70
178/2.3/80
7500/91/90
4.89/2.38/10
3.01/1.09/25

380 × 380
285 × 380
325 × 400
340 × 340
325 × 400
300 × 300

320 × 320
192 × 256
416 × 412
192 × 192
320 × 260
256 × 256

5/0
5/0
3/0
3/0
3/0
2/0

W: Weighted; TR: Repetition time; TE: Echo time; FA: Flip angle; AT: Acquisition time; HASTE: Half-Fourier acquisition single-shot turbo spin-echo;
FLASH: Fast low angle shot; DWI: Diffusion-weighted imaging; VIBE: Volumetric interpolated breath hold examination; TWIST: Time-Resolved
Angiography with Stochastic Trajectories.

imaging at one month as prognostic early indicator of
therapy response. The gold standard to defining the
assessment after therapy has been the consensus
between two radiological modalities (Choi, PERCIST,
Dynamic Contrast Enhanced-Magnetic Resonance
Imaging and Diffusion Weighted Imaging; for two
latter considering the consensus of response of two
parameters).

contrast-enhanced MDCT was performed with a
64-detector row scanner (Optima 660, GE Healthcare,
United States). MDCT scanning parameters were 120
kVp, 100-470 mAs (NI 16.36), 2.5-mm slice thickness
and table speed 0.984/1 mm/rotation. Scans were
carried out including a region encompassing the liver
from diaphragm to iliac crests. Phases were as follows;
hepatic arterial phase 30-40 s after injection of 120
mL of a nonionic contrast medium (iomeprol, Iomeron
400, Bracco, Milan, Italy) with a bolus-triggered
technique [120 kVp; 40-60 mA; trigger threshold,
180 Hounsfield units in descending aorta], portal
and equilibrium phase 90 s and 120 s after contrast
injection. The contrast medium was administered
at a rate of 4 mL/s through antecubital vein with an
automated injector system (Empower CTA, E-Z-EM
Inc., New York, United States).

MR and CT protocol: MR protocol consists of mor
phological and functional imaging including dynamic
contrast enhanced-magnetic resonance imaging
(DCE-MRI) and diffusion weighted imaging (DWI)
sequences. Imaging was performed with a 1.5 T
scanner (Magnetom Symphony, Siemens Medical
System, Erlangen, Germany) equipped with a phasedarray body coil. Patients were placed in a supine, headfirst position.
Morphological pre-contrast axial T2-weigthed
(T2-w) 2D Half-Fourier Acquisition Single-Shot Turbo
Spin-Echo (HASTE), with and without fat suppression;
morphological pre-contrast axial T1-weigthed (T1-w)
Fast Low Angle Shot (FLASH) 2D in-out phase; mor
phological pre contrast axial T1-w fat suppression
FLASH 2D out phase; morphological post contrast axial
and coronal T1-w Volumetric Interpolated Breath-hold
Examination (VIBE) fat suppression were acquired.
A free breathing axial single shot echo planar DWI
pulse sequence parameters were obtained with multiple
2
b value = 0, 50, 100, 150, 400, 800, 1000 s/mm .
After, DCE-MRI sequences, we obtained 1 sequence
before and 120 sequences, without any delay,
after intravenous injection of 2 mL/kg of a positive,
gadolinium-based paramagnetic contrast medium
(Gadobutrol Gd-DTPA, Bayer Pharma AG, Berlin,
Germany). The contrast medium was injected using
Spectris Solaris® EP MR (MEDRAD Inc., Indianola, PA,
United States), with a flow rate of 2 mL/s, followed by
a 10-mL saline flush at the same rate. DCE-MRI T1-w
were acquired using Time-Resolved Angiography with
Stochastic Trajectories 3-D axial images in order to
reduce temporal resolution (3 s).
Parameters details for each MR sequence were
provided in Table 2.
Non contrast-enhanced phase and triple-phase

WJG|www.wjgnet.com

MR and CT image analysis: Four blinded observers
with at least 10 years’ experience in interpretation
of MR and CT images of the pancreas independently
and randomly reviewed the images acquired before
and after ECT. The interval between reviews of the
CT and MR images was at least 5 d. The response
to ECT was evaluated according the RECIST 1.1
[29]
criteria . Objective therapeutic responses according
to RECIST 1.1 are as follows: complete remission
(CR) is disappearance of target lesion for at least 4
wk; partial remission (PR) is a decline of at least 30%
in tumor diameter; stable disease (SD) is neither PR
nor progressive disease (PD); and PD is at least a
20% increase in tumor diameter and 5-mm absolute
increase was required. Moreover for CT images, the
response to ECT was evaluated according the Choi
[24]
criteria : CR is disappearance of target lesion; PR is
a decrease in tumor size ≥ 10% or decrease in tumor
density ≥ 15% on CT; SD is neither PR nor PD; and
PD is an increase in tumor size ≥ 10% and does not
meet PR criteria by tumor density.
For functional MR analysis tumor borders were
manually segmented on transversal T1-W images VIBE
fat suppression post contrast (equilibrium phase). In
each slice a region of interest (ROI) was delineated
according to the tumor geometry. The border of the
ROI was placed in the tumor periphery close to the
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tumor margin, so that the ROI encompassed almost
[30,31]
the whole tumor area. DW-MRI analysis
and DCE[32]
MRI semi-quantitative analysis
was performed on
the ROIs previously described. For each pixel Time
Intensity Curves (TICs) were obtained and per each
TIC, 2 shape descriptors were computed: the WI slope
[31]
(WIS), the WO slope (WOS) as described in . DWMRI analysis was performed using Variable Projection
[33]
Curve-Fitting algorithm (VarPro), as reported by , to
estimate the IVIM-related parameters of bi-exponential
model: pseudo-diffusivity (Dp), perfusion fraction
(fp) and tissue diffusivity (Dt). Per each descriptor
(dimensional parameters, density on CT images and
perfusion and diffusion coefficients) median value was
obtained and the percentage changes between pre and
post treatment [ΔX = (Xpre - Xpost)/Xpre; X is the
generic shape descriptor] were calculated. No image
registration was applied to our data acquired. We take
care to exclude from the analysis the slices where
was visible motion artifacts. Moreover, a volumetric
analysis for functional parameters measurements
was performed thus minimizing errors due to voxel
misalignments.
This data analysis was performed using in-house
software written in Matlab R2007a (The MathWorks,
Inc., Natick, MA, United States). The following
parameters were also evaluated for each single target
area in MRI before and after treatment: signal intensity
respectively in T1-weighted images, in T2-weighted
sequences and in equilibrium phase of contrast study.

distinguishable from surrounding background blood18
pool levels with no new F-FDG-avid lesions; partial
metabolic response (PMR) is reduction of a minimum
18
of 30% in the target tumor F-FDG SUVmax; stable
metabolic disease is disease other than CMR, PMR
or progressive metabolic disease; and progressive
18
metabolic disease is a 30% increase in F-FDG PET/CT
18
SUVmax or advent of new F-FDG-avid lesions that are
typical of cancer.

Statistical analysis

Data were expressed in terms of median value ± SD.
Spearman correlation coefficient for non-parametric
variables was used to assess the correlation between
percentage changes of tissue density of CT, and of
perfusion and diffusion parameters. A p value < 0.05
was considered statistically significant. Percentage of
objective response was reported for each modality.
χ 2 test was, also, used to compare pre- and post-ECT
imaging findings. A p value < 0.05 was regarded as
statistically significant.
All analyses were performed using Statistics
Toolbox of Matlab R2007a (The Math-Works Inc.,
Natick, MA, United States).

RESULTS
Radiological response assessment

Basal imaging involved CT, PET and MR scans. Mean
time between basal imaging assessment and ECT was
9 d (range 7-14). Mean time between ECT and first
follow-up radiological assessment was 36 d (range
31-43).
CT was performed for eighteen patients before
and after ECT; morphological and functional MR was
obtained for 11 patients before and after ECT and 10
18
patients were subjected to F-FDG PET/CT before
and after treatment. One died to complication after
treatment (24-48 h after ECT). Four patients rejected
MR scan due to claustrophobia complications. Three
patients were affected by allergy to Gadolinium
chelates (MR contraindication). In 4 patients the
patient clinical conditions did not allow to perform
18
F-FDG PET/CT study in the range that would make
the data comparable, before and after treatment; in
other 4 patients the PET study was performed in a
different hospital with low quality of the images.
In Table 3 we reported the measure of largest
diameters obtained by CT and MR for each patients,
before and after one month of treatment.
In Table 4 we showed the percentage change,
between before and after ECT, of largest diameter by
CT and MR and the median value percentage change
of tissue density in ΔHU, of perfusion and diffusion
quantitative parameters derived by MR imaging (WIS,
WOS, Dt, fp and Dp) and of maximum SUV value.
Moreover, median values ± SD of percentage changes,
before and after ECT were reported in Table 4.

18

F-FDG PET Data acquisition and images
18
analysis: F-FDG PET/CT studies were acquired 60
min after the administration of 300-385 MBq of FDG
either with a Siemens ECAT EXACT 47 or a General
Electric DST 600 PET-CT scanner. All calibrations on
the scanners to obtain accurate SUV readings were
regularly performed. Patients fasted for at least 6
h, and blood glucose level was < 150 mg/dl. Each
patient underwent the baseline and the pre-operative
study on the same scanner.
Irregular volumes of interest (VOIs) were semiautomatically drawn by the expert investigator on
orthogonal planes using a dedicated workstation and
software using an arbitrary threshold, as reported
[34]
previously . For each patient both studies were
analyzed at the same time in order to minimize
discrepancies in VOI positioning. For each study
maximum standardized uptake value (SUVmax) values
of the pancreas lesion were recorded. The analysis of
18
F-FDG PET/CT results was performed by comparing
measurements obtained in the pancreatic lesion at
baseline (SUV1) and after treatment (SUV2). This
change was expressed as the percentage of SUV
reduction [ΔSUV = (SUV1−SUV2)/SUV1 × 100].
Objective therapeutic responses was defined according
[26]
to PERCIST 1.0 are as follows : complete metabolic
18
response (CMR) is complete resolution of F-FDG
uptake within the measurable target lesion and in
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Table 3 Tumor size before and after electrochemotherapy for individual patient evaluated by magnetic resonance and computed
tomography
Patient No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Age

Sex

48
63
71
61
72
80
60
62
67
57
74
67
59
79
71
80
80
59
62

M
F
F
F
F
F
F
F
M
M
M
M
M
M
M
M
M
F
F

Tumor size
CT (mm)
MR (mm)
99
43
59
22
51
48
33
30
99
56
56
63
28
50
35
53
64
51
53

Tumor response after ECT treatment
st
st
1 radiological evaluation after ECT 1 radiological evaluation after ECT
(CT); size (mm)
(MR); size (mm)

95
48
64
26
49
58
68
30
41
34
55
51
53

90
38
54
19
49
45
24
22
46
59
55
28
46
56
49
49
66
50

87
43
57
23
51
55
24
38
46
65
49

ECT: electrochemotherapy; CT: computed tomography; MR: magnetic resonance.

Table 4 Treatment response assessment based on response evaluation criteria in solid tumour 1.1 criteria evaluated by magnetic resonance
and computed tomography, based on Choi criteria evaluated by computed tomography, based on perfusion and diffusion parameters
evaluated by dynamic contrast enhanced-magnetic resonance imaging and diffusion weighted imaging data and based on positron emission
tomography response criteria in solid tumors criteria evaluated by positron emission tomography/computed tomography
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

ΔCT largest
diameter

ΔHU

ΔMR largest
diameter

ΔWIS

ΔWOS

ΔDt

Δfp

ΔDp

ΔSUVmax

Response
assessment

11.6%
9.1%
8.5%
13.6%
3.9%
6.3%
27.3%
26.7%

22.7%
40.4%
34.0%
7.8%
48.7%
18.9%
49.5%
51.6%

8.4%
10.4%
11.5%
2.0%

35.4%
84.7%
94.0%
88.0%

40.0%
85.0%
74.4%
76.0%

-78.1%
-32.7%
-64.4%
-16.8%

12.1%
27.3%
28.5%
32.7%

61.9%
78.7%
50.3%
36.6%

-177.8%

PR
PR
PR
PR

17.9%
-5.4%
12.7%
6.7%
8.0%
-60.0%
7.5%
23.4%
-29.4%
5.7%

42.6%
49.1%
6.8%
44.4%
44.8%
83.3%
23.4%
35.5%
40.0%
44.0%

12.1%
19.1%
20.0%
7.3%

18.4%
57.9%
7.9%
67.6%

9.7%
98.0%
-17.4%
110.0%

-20.4%
-34.2%
32.5
-32.9%

-33.3%
11.7%
2.2%
44.3%

5.4%
12.0%
36.9%
92.0%

100.0%
66.5%
-17.9%
46.8%
44.4%

PR
SD
SD
PR
PR

16.4%
-9.8%
7.5%

55.7%
34.9%
67.3%

307.1%
58.7%
-24.6%

-18.0%
-16.3%
-30.5%

62.6%
46.7%
-22.6%

32.2%
66.4%
-90.7%

18.8%
17.0%
32.3%

PR
PR
PR

38.5%

CT: computed tomography; HU: Hounsfield unit; MR: magnetic resonance; WIS: Wash-in slope; WOS: Wash-out slope; Dt: Diffusivity; fp: Perfusion
fraction; SUVmax: Maximum standardized uptake value.

For each patient no significant reduction of largest
diameter percentage change by CT and MR was
observed. According to RECIST criteria, all patients
had stable disease using MR imaging while using
CT imaging one patient showed progression disease
(Figure 1 for MRI and 2, 6 for CT imaging). According
to Choi criteria 18/18 (100.0%) patients were
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considered in partial response (Figure 2). According
to PERCIST criteria 6/10 (60.0%) exhibited partial
response (Figure 3), 3/10 (30.0%) stable disease and
1/10 (10.0%) progression disease. Moreover, using
functional MR derived parameters, significant reduction
of viable tumor tissue were observed: a reduction of
30% of ΔWIS, ΔWOS, Δfp, ΔDp and an increase of
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g

h

Figure 1 Magnetic resonance imaging assessment using morphological criteria for two patients (in A man 79 years old and in B man 74 years old).
Before treatment in HASTE T2-W sequence (a), the lesion (arrow) appears hyperintense, in in-phase T1-W sequence (b) and out-phase T1-W sequence (c) appears
hypointense and hypovascular in VIBE T1-W in equilibrium phase (d). After the treatment the lesion in HASTE T2-W sequence (e), in-phase T1-W sequence (f), outphase T1-W sequence (g) and VIBE T1-W in equilibrium phase (h): there were not significant differences in signal compared to the similar before the treatment.
HASTE: Half-Fourier Acquisition Single-Shot Turbo Spin-Echo; VIBE: Volumetric Interpolated Breath-hold Examination.

30% of ΔDt was considered as significant variation
after treatment and was defined as partial response.
For both ΔWIS and ΔWOS 9/11 (81.8%) patients
showed partial response and 2/11 (18.2%) were
considered stable. Eight elevenths (72.7%) patients
were considered in partial response by ΔDp evaluation
and 3/11 (27.3%) was considered in stable disease.
According to ΔDt 7/11 (63.6%) patients showed partial
response, 1/11 (9.1%) progression disease and 3/11
(27.3%) stable disease (Figure 4). Perfusion fraction fp
showed a significant reduction after ECT only for four
patients. Final decision on treatment response was
taken considering the accordance with at least two
imaging technique (see last column of Table 4).
We found no statistically significant difference of
target area signal intensity obtained by T1-weighted
images, T2-weighted images and equilibrium-phase
of contrast study between before and after treatment,
according to Chi-square test.
Spearman correlation coefficient was performed
for each couple of parameters and was reported in
Table 5. A good correlation was reported between ΔHU
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and ΔSUVmax and between Δfp and ΔWOS, with a
significant statistically difference (p < 0.05).

DISCUSSION
Although it has been shown that the ECT is a
[15-18,21,28]
promising technique for cancer treatment
,
there is still the problem of how to assess treated
tumor response. In our preliminary experience, we
demonstrated that RECIST 1.1, using the variation
of largest diameter, both on CT and MR images, do
not provide a appropriate patients stratification in
responders or non-responders after ECT. In fact,
according to RECIST criteria, all patients were classified
with stable disease by MR imaging while using CT scan
one patient showed progression disease. The RECIST
criteria restrictions are well known, as also reported by
[35]
Lencioni et al
in the assessment of residual viable
[36]
tumor of treated HCC and by Choi in Gastrointestinal
Stromal Tumor. ECT potentiates the cytotoxic effect of
chemotherapy and, therefore, the CHOI or PERCIST
criteria would appear to be more suitable for early
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A
a

b

B
a

b

Figure 2 computed tomography imaging assessment using morphological criteria for two patients (in A man 79 years old and in B man 74 years old). In
pancreatic phase on CT study (a) the lesion appears hypodense (arrow). After the treatment in pancreatic phase on CT study (b) the lesion appears similar than in (a)
but there was a significant variation in CT density value. CT: computed tomography.
[25,26,36,37]

[26]

treatment evaluation
. In fact, according to our
results, using Choi criteria (tissue density percentage
change) 18/18 (100%) patients were considered in
partial response. For PERCIST criteria 6/10 (60.0%)
showed partial response, 3/10 (30.0%) stable disease
and 1/10 (10.0%) progression disease. A good
correlation was reported between ΔHU and ΔSUVmax.
The accuracy of Choi criteria is known in the evaluation
[38]
of target therapies ; during imatinib treatment
therapy, Choi criteria have proved to be very useful to
differentiate responders by non-responders and offer
an potent prognostic indicator in terms of progression[36]
free survival . A recent study of van der Veldt et
[38]
al
found that the Choi criteria may be helpful
in assessing early metastatic renal cell carcinoma
[39]
treated with sunitinib while Stacchiotti et al
showed
that the Choi criteria were superior to the RECIST
criteria to evaluate soft-tissue sarcoma response
after chemotherapy and radiation therapy. Because
many newer cancer therapies may be more cytostatic
than cytocidal, appreciable tumor response may be
associated to a decrease in metabolism, without a
reduction in tumor size. Then, metabolic response
can be a hopeful early indicator of tumor response
and may be even more predictive of outcome than
[37]
morphologic criteria . So, the PERCIST criteria were
proposed in 2009 to define and validate quantitative
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approaches to evaluating PET tumor response . In a
study on evaluation of response to chemotherapy in
non-small cell lung cancer, PERCIST is more sensitive
in detecting complete remission and progression, and
these criteria might be the significant predictor of
[40]
[34]
outcomes . Avallone et al demonstrated that, after
preoperative radio-chemotherapy in locally advanced
rectal cancer, FDG-PET is both an early predictor of
pathologic response and a valuable prognostic tool. So,
according to literature, on the value of the functional
data obtained in CT and PET, compared with only
morphological data in CT and MRI, to evaluate the
response to ECT, it appears more appropriate to use
Choi or PERCIST Criteria, although it would be better
[22-26,34-40]
[24]
to link the two data
. García-Figueiras et al
demonstrated that standard imaging modalities and
current morphologic response criteria do not always
offer the adequate information for early therapy
assessment, especially when target or ablated therapy
were considered. According to García-Figueiras et
[24]
al , MRI is able to predict treatment success before
size changes become evident, thanks its capability to
integrate anatomic, physiologic, and functional tissue
information, which may overcome these limitations.
In our study the morphologic information obtained by
MRI examination did not show a dimensional change
of treated pancreas lesion neither no statistically-
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A
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B
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Figure 3 positron emission tomography imaging assessment using morphological criteria for two patients (in A man 79 years old and in B man 74 years
old). PET study before treatment (a) and after the treatment (b). In (b) the lesion (arrow) exhibited a reduction of glucose uptake. PET: positron emission tomography.

A
a

c

b

B
a

b

d

c

d

Figure 4 diffusion weighted imaging assessment using morphological criteria for two patients (in A man 79 years old and in B man 74 years old). In a (image
at b value 800), in b (ADC map) is showed the lesion before the treatment and in c (image at b value 800) and d (ADC map) is showed the lesion after the treatment;
there was a difference in diffusion maps before and after treatment.

significant difference of signal intensity obtained
from T1-weighted images, T2-weighted images and

WJG|www.wjgnet.com

equilibrium-phase of contrast MR study. WIS, WOS,
Dt and Dp values showed a significant reduction after
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Table 5 Spearman correlation coefficient for each couple of imaging parameters

ΔCT maximum
diameter (%)

Correlation
coefficient
P value
n
ΔHU (%)
Correlation
coefficient
P value
n
ΔMR maximum Correlation
diameter (%)
coefficient
P value
n
ΔWash-in (%)
Correlation
coefficient
P value
n
ΔWash-out (%) Correlation
coefficient
P value
n
ΔDt (%)
Correlation
coefficient
P value
n
Δfp (%)
Correlation
coefficient
P value
n
ΔDp (%)
Correlation
coefficient
P value
n
ΔSUVmax
Correlation
coefficient
P value
n

ΔCT maximum
diameter (%)

ΔHU (%)

ΔMR maximum
diameter (%)

ΔWash-in
(%)

ΔWash-out ΔDt (%) Δfp (%)
(%)

ΔDp (%)

ΔSUVmax

1.000

-0.183

0.227

0.418

0.655a

-0.273

0.364

-0.036

-0.127

18
-0.183

0.468
18
1.000

0.502
11
0.027

0.201
11
-0.373

0.029
11
-0.373

0.417
11
0.318

0.272
11
-0.291

0.915
11
0.064

0.726
10
0.758a

0.468
18
0.227

18
0.027

0.937
11
1.000

0.259
11
-0.345

0.259
11
-0.082

0.340
11
-0.036

0.385
11
-0.409

0.853
11
-0.391

0.011
10
0.183

0.502
11
0.418

0.937
11
-0.373

11
-0.345

0.298
11
1.000

0.811
11
0.527

0.915
11
-0.436

0.212
11
0.318

0.235
11
0.209

0.637
9
-0.150

0.201
11
0.655a

0.259
11
-0.373

0.298
11
-0.082

11
0.527

0.096
11
1.000

0.180
11
-0.264

0.340
11
0.709a

0.537
11
0.291

0.700
9
-0.383

0.029
11
-0.273

0.259
11
0.318

0.811
11
-0.036

0.096
11
-0.436

11
-0.264

0.433
11
1.000

0.015
11
0.118

0.385
11
-0.164

0.308
9
0.417

0.417
11
0.364

0.340
11
-0.291

0.915
11
-0.409

0.180
11
0.318

0.433
11
0.709a

11
0.118

0.729
11
1.000

0.631
11
0.545

0.265
9
-0.400

0.272
11
-0.036

0.385
11
0.064

0.212
11
-0.391

0.340
11
0.209

0.015
11
0.291

0.729
11
-0.164

11
0.545

0.083
11
1.000

0.286
9
-0.167

0.915
11
-0.127

0.853
11
0.758a

0.235
11
0.183

0.537
11
-0.150

0.385
11
-0.383

0.631
11
0.417

0.083
11
-0.400

11
-0.167

0.668
9
1.000

0.726
10

0.011
10

0.637
9

0.700
9

0.308
9

0.265
9

0.286
9

0.668
9

10

a

p < 0.05 was considered statistically significant. CT: computed tomography; HU: Hounsfield unit; MR: magnetic resonance; WIS: Wash-in slope; WOS:
Wash-out slope; Dt: Diffusivity; fp: Perfusion fraction; SUVmax: Maximum standardized uptake value.

ECT. Our results confirmed the data reported by Hjouj
[41]
et al that established as MRI might be used for brain
electroporation treatment monitoring. Quantitative
functional MR derived parameters such as WIS, WOS,
Dt, Dp, fp, have allowed the identification of necrotic
areas and of fibrotic tissue compared to any residual
[17]
tumor
so as to overcome the limitations of RECIST
1.1. Considering the response evaluation accordance
between at least 2 radiological modalities, 10 patients
of our population, after one month from ECT, showed
a significant reduction of viable tissue associated to
a partial response, while two patients showed stable
disease. We, also, demonstrated a good correlation
between ΔHU and ΔSUVmax and between Δfp and
ΔWOS, with a significant statistically difference (p <
[42]
0.05). Sakane et al
has demonstrated significant
correlation between apparent diffusion coefficient and
SUV in pancreatic cancer, and that leads us to think
that in responder patients where the SUV is reduced
significantly also Dt is reduced significantly as reported
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in our results.
The major limitations of this study are the small
number of patients evaluated and the availability
for all patients of the same diagnostic techniques,
to compare all results obtained and to validate the
potential, in term of efficacy, of perfusion and diffusion
MR derived parameters, to differentiate responders
by not responders after ECT with PET, CT and MR
examination. The future goal is to increase the radio
logical data and to have a more homogeneous group
in order to compare the results.
In conclusion, ECT is a promising technique for
locally advanced pancreatic cancer, but there is still
the issue of how to monitor the treatment response. Con
ventional morphologic data (RECIST criteria) obtained by
CT or MR imaging were not able to differentiate partial,
complete or incomplete response after ECT while the
changes in functional parameters, obtained with PET
(SUVmax), MR (wash-in and wash-out and for DCE and
Dp, fp and Dt for DWI) and CT (tissue density) study
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could be more suitable to assess ECT response.

COMMENTS
COMMENTS
Background

5

Adenocarcinoma of pancreas is among the most aggressive forms of cancer.
Surgical resection is the only potentially curative treatment for pancreatic
cancer. Unfortunately, the majority of patients have grossly unresectable
disease; over 80% of patients with pancreatic cancer have locally advanced
or metastatic disease. Current standard therapy is chemotherapy and/or
radiotherapy. The most frequently used chemotherapy agent in LAPC
was Gemcitabine; moreover some studies have shown the combination of
Gemcitabine with other chemotherapy agents increases overall survival.
Because a limited group of patients responds to chemotherapy, additional
therapies were explored in order to obtain tumor debulking or interstitial
ablation.

6

7

Research frontiers

Reversible electroporation combined with low doses of chemotherapeutic
drugs, known as electrochemotherapy (ECT), has been used to promote
chemotherapy uptake into tumor cells reducing reducing its cytotoxic effect.

8

Innovations and breakthroughs

Currently, standard imaging modalities and response criteria do not always
provide the adequate and necessary information to assess tumor ECT
response. The innovation of the study is to report the early imaging assessment
of treated area with ECT in locally advanced pancreatic cancer, emphasizing
the role of new functional imaging tools in magnetic resonance imaging (MRI)
compared to standard morphological response evaluation criteria in solid
tumour (RECIST), Choi and positron emission tomography ERCIST criteria.

9
10
11

Applications

New functional imaging tools in MRI that allow diffusion and perfusion tissue
assessment could be used for early ECT tumor response.

12

Terminology

13

ECT consists of the concomitant administration of low doses of chemo
therapeutic drugs and reversible electroporation by means the delivering of
an external electrical field to a cell membrane that induces a transient and
reversible orientation of its polar molecules, with an increased permeability.

14

Peer-review

This paper report a single center experience of Imaging assessment in locally
advanced pancreatic cancer treated with electrochemotherapy. The topic is
interesting, the weakness of the manuscipt is limited by the small number of
patients and heterogeneous data since not all patients underwent the same
radiologic examinations
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Abstract

Institutional review board statement: This study was
reviewed and approved by the Ethics Committee of Air Force
General Hospital of PLA, Beijing, China.

AIM
To evaluate the effect of initial stent position on
transjugular intrahepatic portosystemic shunt (TIPS).

Informed consent statement: Patients were not required to
give informed consent because the analysis used anonymous
clinical data that were obtained after each patient agreed to
treatment by written consent.

METHODS
We studied 425 patients from January 2004 to January
2015 with refractory ascites or variceal bleeding who
required TIPS placement. Patients were randomly
divided into group A (stent in hepatic vein, n = 57),
group B (stent extended to junction of hepatic vein
and inferior vena cava, n = 136), group C (stent in left
branch of portal vein, n = 83) and group D (stent in
main portal vein, n = 149). Primary unassisted patency
was compared using Kaplan-Meier analysis, and
incidence of recurrence of bleeding, ascites and hepatic
encephalopathy (HE) were analyzed.
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work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
The mean primary unassisted patency rate in group B
tended to be higher than in group A at 3, 6 and 12 mo
(P = 0.001, 0.000 and 0.005), and in group D it tended
to be lower than in group C at 3, 6 and 12 mo (P =
0.012, 0.000 and 0.028). The median shunt primary
patency time for group A was shorter than for group
B (5.2 mo vs 9.1 mo, 95%CI: 4.3-5.6, P = 0.013, logrank test), while for group C it was longer than for
group D (8.3 mo vs 6.9 mo, 95%CI: 6.3-7.6, P = 0.025,
log-rank test). Recurrence of bleeding and ascites in
group A was higher than in group B at 3 mo (P = 0.014
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and 0.020), 6 mo (P = 0.014 and 0.019) and 12 mo (P
= 0.024 and 0.034. Recurrence in group D was higher
than in group C at 3 mo (P = 0.035 and 0.035), 6 mo (P
= 0.038 and 0.022) and 12 mo (P = 0.017 and 0.009).
The incidence of HE was not significantly different
among any of the groups (P = 0.965).

and clinical studies have been performed with the use
of covered stent grafts to improve the long-term patency
of TIPS. The best results have been achieved with the
use of stent grafts covered with polytetrafluoroethylene
[9]
(PTFE), as reported by Nishimine et al ; and these
[10]
positive results were confirmed by Haskal
and Jung
[11]
et al . Even with these new stents, however, postTIPS shunt obstruction and a high clinical symptom
recurrence rate remain problematic.
The purpose of this study was to evaluate the
effect of initial stent position on primary shunt patency
and time to recurrence of TIPS-related symptoms of
ascites or variceal bleeding.

CONCLUSION
The initial stent position can markedly affect stent
patency, which potentially influences the risk of
recurrent symptoms associated with shunt stenosis or
occlusion.
Key words: Transjugular intrahepatic portosystemic
shunt; Liver cirrhosis; Stent position; Portal hypertension

MATERIALS AND METHODS

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Patient information

We retrospectively enrolled 1950 patients referred
to us on an intention-to-treat basis who underwent
a TIPS procedure at our institution between January
2004 and January 2015. The Ethic Institutional Review
Board Committee approved the study protocol and
all patients agreed to treatment by written consent.
We reviewed the medical records and medical images
for 436 patients to gather information regarding the
underlying etiology, clinical presentation, age, sex,
and severity of cirrhosis. Four hundred and twentyfive patients successfully underwent TIPS, and the
demographic data were compared between the groups.
Age, sex, etiology and Child-Pugh score are shown
in Table 1, and there were no significant differences
among the groups.

Core tip: We studied a large cohort of patients with
cirrhosis who underwent transjugular intrahepatic
portosystemic shunt for recurrent variceal bleeding
and ascites. Initial stent position at both the distal and
proximal endpoints can markedly affect stent patency,
which potentially influences the risk of recurrent
symptoms associated with shunt stenosis or occlusion.
Luo sh, Chu jg, Huang H, Yao KC. Effect of initial stent
position on patency of transjugular intrahepatic portosystemic
shunt. World J Gastroenterol 2017; 23(26): 4779-4787 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v23/
i26/4779.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i26.4779

Study design

This study was a randomized, single-center, open-label
trial that compared the effect of primary stent position
on primary shunt patency at different stent ends,
leading to different clinical manifestations. The patients
were randomly divided into four groups: A (stent in
hepatic vein, n = 57), B [stent extended to junction of
hepatic vein and inferior vena cava (IVC), n = 136], C
(stent in left branch of portal vein, n = 83) and D (stent
in main portal vein, n = 149), according to the initial
stent position in the distal inflow and proximal outflow
ends. The inclusion criteria were portal-hypertensionrelated complications of recurrent variceal bleeding
(n = 309) after a session of variceal sclerotherapy
or refractory ascites (n = 116) or both (n = 78) that
required TIPS placement. The exclusion criteria were as
follows: variceal bleeding as an emergency indication,
portal vein thrombosis, present history of hepatic
encephalopathy (HE), severe right-sided heart failure,
severe liver failure (bilirubin > 4 mg/dL), polycystic
liver disease, dilated biliary ducts, age > 75 years,
bilirubin level > 5 mg/dL, creatinine level > 3 mg/dL,
Child-Pugh score > 11, hepatic carcinoma, sepsis,
spontaneous bacterial peritonitis, and patients who
underwent liver transplantation.

INTRODUCTION
Transjugular intrahepatic portosystemic shunt (TIPS)
is currently used for the treatment of complications of
[1]
portal hypertension . The establishment of TIPS has
been widely accepted as an alternative to surgery in
the management of complications from portal hyper
tension, such as variceal bleeding, refractory ascites,
Budd-Chiari syndrome, hepatorenal syndrome, hepatic
[2]
hydrothorax and even hepatopulmonary syndrome .
After TIPS was introduced as an alternative treatment
for complications related to portal hypertension, it
has become progressively recognized as an effective
therapeutic option in a growing number of clinical
[3,4]
situations .
Despite its efficacy in preventing such syndromes,
however, TIPS is prone to shunt stenosis or occlusion
leading to shunt failure, and approximately half of all
patients with TIPS require shunt revision during follow[5]
up , making close surveillance and frequent costly
[6]
revisions mandatory . Recently, the use of a new
generation of covered stents has overcome the problem
of shunt dysfunction with significant improvement in
[7]
TIPS patency and clinical efficacy . Many experimental
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Table 1 Demographic characteristics of the patients
Parameter

P value

Group

n
Male/female
Age in yr
Etiology, viral/not viral
Child-Pugh class, A/B/C/D

A

A

B

C

D

57
24/33
39.35 ± 19.56
52/5
6/44/7

136
64/72
36.97 ± 15.79
125/11
18/99/19

83
42/41
34.33 ± 12.35
78/5
8/62/13

149
70/79
37.69 ± 16.69
136/13
16/109/24

B

0.806
0.959
0.806
0.968

C

Figure 1 Stent was positioned as described in the study design for each group. A: Ideal position of the stent endpoint in the TIPS procedure. The transverse
arrow indicates the proximal end of the stent at the junction of the hepatic vein and IVC. No angle was formed between the stent and left branch of the portal vein. The
proximal end of the stent was located at the junction of the hepatic vein and IVC and did not cause stenosis or occlusion, and did not affect liver transplantation. The
arrow pointing up indicates the distal end of the stent located at the left branch of the portal vein. The stent was in parallel to the direction of blood flow, therefore, it
was not easy to cause stent stenosis or occlusion; B: The proximal end of the stent in the hepatic vein in the TIPS procedure. The arrow indicates the proximal end of
the stent in the hepatic vein. The stent endpoint caused stenosis or occlusion due to blood flow shear force and vascular intimal hyperplasia; C: distal end of the stent
in the main hepatic vein in the TIPS procedure. The arrow indicates the distal end of the stent in the main hepatic vein in the transjugular intrahepatic portosystemic
shunt procedure. The distal end of the stent was prone to stimulate the blood vessel wall and interfered with the portal vein blood flow. The stent endpoint caused
stenosis or occlusion due to blood flow shear force and vascular intimal hyperplasia. TIPS: transjugular intrahepatic portosystemic shunt; IVC: inferior vena cava.

TIPS procedure

described in the study design for each group (Figure 1).
The shunts were dilated to full nominal diameter
to reach a target PSG of < 12 mmHg and gastroe
sophageal collateral vessels observed during the TIPS
procedure were embolized with coils (Cook Inc.). A
covered stent (Viatorr; W.L. Gore and Associates,
Flagstaff, AZ, United States) was not used because
they were not approved by the State Food and
Drug Administration in the Chinese Mainland for the
patients included in this study. Subsequent direct porto
graphy was performed to evaluate whether the portal
venous system was completely patent. After the TIPS
procedure, intravenous heparin (4000 U/d; Chase Sun
Pharma Co. Ltd, Tianjing, China) was given for 3 d and
then oral warfarin (2.5 mg/d; Orion Pharma Co. Ltd.,
Orionintie, Finland) was prescribed to achieve 2 of
international normalized ratio.

TIPS was carried out under standard local anesthesia.
All of the patients were evaluated and followed up by
the same medical team using a prospective protocol
diagnostic work-up and surveillance strategy. Before
the operation, the patients’ medical histories were
taken, and after TIPS, the four groups were followed
up according to the same protocol.
TIPS was performed through a transjugular
[12]
approach, as described previously . After mesenteric
artery angiography was performed, the right hepatic
vein was reached using a TIPS set (RUPS-100; Cook
Inc., Bloomington, IL, United States), and the left or
right branch of the portal vein was punctured under
the guidance of digital subtraction angiography in both
the posterior anterior and lateral positions. When the
branch of the portal vein was punctured and confirmed
by portoangiography, a 7-8-mm balloon (Cook Inc.)
dilated the hepatic tract. A 7-8-mm covered stent
(Fluency; Bard, Voisins le Bretonneux, France) was
used for TIPS creation and two bare 10-mm stents
were used inside the Bard stent. Portosystemic gradient
(PSG) and right atrial pressure were measured before
and after TIPS.
The entire length of the intrahepatic tract should be
covered by the stent graft. The stent was positioned as

WJG|www.wjgnet.com

Follow-up

Baseline duplex sonography was performed on the day
after TIPS creation. Subsequent shunt velocities were
compared to this baseline result during follow-up. After
TIPS, patients were placed into a routine follow-up
protocol identical for each group. They were seen as
outpatients 1 mo after the procedure and then every 3
mo, or whenever needed. Each consultation included a
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Table 2 Mean pressure of the right atrium and portosystemic gradient value before and after transjugular intrahepatic portosystemic
shunt placement
Group

pressure of the right atrium in mmHg

A
B
C
D

Before TIPS

After TIPS

2.81 ± 1.58
2.87 ± 1.58
2.79 ± 1.45
2.80 ± 1.44

2.98 ± 1.11
3.01 ± 1.11
3.03 ± 1.03
2.95 ± 1.04

P value
0.335
0.235
0.149
0.101

P value

PSG in mmHg
Before TIPS

After TIPS

31.08 ± 8.11
33.73 ± 7.77
32.69 ± 7.55
32.65 ± 7.26

13.81 ± 4.50
15.00 ± 4.32
14.57 ± 4.12
14.34 ± 3.84

0.014
0.009
0.015
0.012

TIPS: transjugular intrahepatic portosystemic shunt; PSG: Portosystemic gradient.

clinical examination, blood chemistry, and assessment
of HE. Ultrasonography was performed at 1 and 4
wk after TIPS and then at 3 and 6 mo, and at 6-mo
intervals thereafter, or in case of recurrent bleeding or
ascites.
The primary endpoint of the study was primary
unassisted patency, which was determined from the
review of interventional radiology clinic records. Primary
unassisted patency rate, the first stenosis or occlusion
time was compared.
Shunt dysfunction that needed shunt revision during
TIPS venography, or significant recurrent symptoms
were used as endpoints for the loss of primary
unassisted patency. TIPS angiography was performed
in patients with recurrent symptoms of suspected shunt
dysfunction. TIPS revision was performed when a
hemodynamically significant shunt stenosis (> 50%)
was present with recurrent variceal bleeding, recurrent
or gradually worsening ascites, and PSG ≥ 15 mmHg
unless grade Ⅲ /Ⅳ encephalopathy (West Haven
Criteria) was present. Patients lost to follow-up were
censored at the time of the last known imaging of the
shunt (duplex ultrasonography or shunt venography).

pressure in the four groups was 2.81 ± 1.58 mmHg in
group A, 2.87 ± 1.58 mmHg in group B, 2.79 ± 1.45
mmHg in group C and 2.80 ± 1.44 mmHg in group D.
After TIPS placement, the mean right atrial pressure
was 2.98 ± 1.11 mmHg in group A (P = 0.335), 3.01
± 1.11 mmHg in group B (P = 0.235), 3.03 ± 1.03
mmHg in group C (P = 0.149) and 2.95 ± 1.04 mmHg
in group D (P = 0.101). There were no significant
differences before and after TIPS placement (P > 0.05).
After TIPS placement, the mean PSG value decreased
from 31.08 ± 8.11 to 13.81 ± 4.50 mmHg in group A (P
= 0.014), 33.73 ± 7.77 to 15.0 ± 4.32 mmHg in group
B (P = 0.009), 32.69 ± 7.55 to 14.57 ± 4.12 mmHg in
group C (P = 0.015) and 32.65 ± 7.26 to 14.34 ± 3.84
mmHg in group D (P = 0.012). There were significant
differences before and after TIPS placement (P < 0.05)
(Table 2).
In group A (Table 3), 74 patients showed stent
stenosis or occlusion of the outflow endpoint via
venography. Forty-four patients showed recurrent
variceal bleeding, 43 showed ascites, and 10 showed
both recurrent variceal bleeding and ascites. Of
all the patients who showed stent dysfunction, 51
patients underwent balloon dilation, and in 23 the
stent was replaced and extended to the IVC. Nine
patients manifested HE: seven were gradeⅠand two
were grade Ⅱ. After drug treatment, the symptoms
disappeared in patients with gradeⅠor Ⅱ HE.
In group B, 53 patients showed stent stenosis or
occlusion of the outflow endpoint via venography. A
total of 29 patients showed recurrent variceal bleeding,
24 showed ascites, and 19 showed both variceal
bleeding and ascites. Of all the patients who showed
stent dysfunction, 41 underwent balloon dilation, and
in 12 the stent was replaced and extended to the IVC.
Twenty-two patients had HE: 13 were grade I, 6 were
grade Ⅱ, and 3 were grade Ⅲ. After drug treatment,
the symptoms disappeared in patients with grade I or
Ⅱ HE, and in patients with grade Ⅲ HE, the symptoms
disappeared after implantation of shunt-reducing
stents.
In group C, 50 patients showed stent stenosis
or occlusion via venography, 24 showed recurrent
variceal bleeding, 27 showed ascites, and 9 showed
both variceal bleeding and ascites. Among the patients
who showed stent dysfunction, 38 underwent balloon
dilation and 12 underwent stent replacement. Thirteen

Statistical analysis

Results are expressed as mean ± SD. Primary patency
and the first stenosis or occlusion time were calculated
using the Kaplan-Meier method, and the resultant
curves were compared by means of the log-rank test.
Logistic regression analysis was then performed for the
variables. The differences between the groups were
compared using one-way analysis of variance followed
by least significant difference t tests. Differences were
considered significant at P < 0.05. The statistical
analyses were performed with SPSS version 20.0
(SPSS, Chicago, IL, United States).

RESULTS
We created a shunt between the hepatic vein, or the
IVC and the portal vein, with successful deployment of
the stent graft, and no patients had stents extending
into the right atrium at the time of TIPS procedure.
Among 436 patients, 425 (97.5%) had technically
successful TIPS, and no patient died within 30 d after
TIPS, with an early survival rate of 100%.
Before TIPS placement, the mean right atrial
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Table 3 Clinical characteristics of the patients
characteristic
Unassisted
Patency rate
Median primary patency in mo
Mean primary patency
Recurrence
of bleeding in mo
Median recurrent bleeding in mo
Mean recurrent bleeding in mo
Recurrence
of ascites in mo
Mean recurrent ascites in mo
Median recurrent ascites in mo
Stent dysfunction times
Hepatic encephalopathy cases

3 mo
6 mo
12 mo

3 mo
6 mo
12 mo

3 mo
6 mo
12 mo

Group A

Group B

P value

Group C

Group D

75.4%
57.9%
54.4%
5.2
4.98
15.8%
28.1%
33.3%
5.2
4.21
17.5%
22.8%
35.1%
6.11
5.9
74
9

92.6%
89.2%
75.0%
9.1
15.01
5.1%
13.2%
18.4%
7.4
6.93
6.6%
10.3%
20.6%
11.45
10.4
53
22

0.001
0.000
0.005
0.013
0.006
0.014
0.014
0.024
0.016
0.023
0.020
0.019
0.034
0.011
0.007
0.037

88.0%
86.0%
74.7%
8.3
13.28
6.0%
9.6%
13.3%
13.61
8.7
5.9%
10.5%
19.3%
14.26
9.1
50
13

73.8%
66.4%
60.4%
6.9
8.20
15.4
20.1%
26.8%
7.47
6.3
16.4%
25.5%
35.6%
7.19
6.8
117
22

patients had HE: 8 were gradeⅠand 5 were grade Ⅱ.
After drug treatment, the symptoms disappeared in
patients with gradeⅠor Ⅱ HE.
In group D, 117 patients showed stent stenosis or
occlusion via venography, 93 showed recurrent variceal
bleeding, 114 showed ascites, and 30 showed both
variceal bleeding and ascites. Among the patients
who showed stent dysfunction, 89 underwent balloon
dilation and 28 underwent stent replacement. Twentytwo patients had HE: 14 were gradeⅠ, 6 were grade
Ⅱ, and 2 were grade Ⅲ. After drug treatment, the
symptoms disappeared in patients with gradeⅠ or
Ⅱ HE, and in patients of grade Ⅲ HE, the symptoms
disappeared after implantation of shunt-reducing
stents. There was a significant difference in stent
dysfunction times between groups C and D (P = 0.021).
The unassisted patency rates for groups A and B
were 75.4% vs 92.6% (3 mo, P = 0.001), 57.9% vs
89.2% (6 mo, P = 0.000), and 54.4% vs 75.0% (12
mo, P = 0.005), respectively, and these differences
were significant (P < 0.05). The primary unassisted
patency rates of groups C and D were 88.0% vs
73.8% (3 mo, P = 0.012), 86.0% vs 66.4% (6 mo, P
= 0.000), and 74.7% vs 60.4% (12 mo, P = 0.028),
respectively, and these differences were significant (P
< 0.05).
As for the stent stenosis or occlusion time, in group A,
the first symptoms were seen at 3.6 and 6.7 mo later,
but the first symptoms were 5.4 and 7.4 mo later in
group B. The mean shunt primary patency time was 4.98
mo in group A and 15.01 mo in group B (P = 0.006).
The median shunt primary patency time was 5.2 mo in
group A and 9.1 mo in group B (95%CI: 4.3-5.6) (P =
0.013, log-rank test). There was a significant difference
in stent dysfunction times between groups A and B (P
= 0.037). As for the stent stenosis or occlusion time,
in group C, the first symptoms were seen at 3.6 and
6.7 mo later, but the first symptoms were seen at 5.4
and 7.4 mo later in group D. The mean shunt primary
patency time was 13.28 mo in group C and 8.20 mo
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P value
0.012
0.000
0.028
0.025
0.009
0.035
0.038
0.017
0.011
0.018
0.035
0.022
0.009
0.005
0.009
0.021
0.965

in group D (P = 0.009). The median shunt primary
patency time was 8.3 mo in group C and 6.9 mo in
group D (95%CI: 6.3-7.6) (P = 0.025, log-rank test)
(Figure 2A).
Recurrent bleeding and ascites in group A were
higher than in group B at 3 mo (15.8% vs 5.1%, P
= 0.014; 17.5% vs 6.6%, P = 0.020), 6 mo (28.1%
vs 13.2%, P = 0.014; 22.8% vs 10.3%, P = 0.019),
and 12 mo (33.3% vs 18.4%, P = 0.024; 35.1%
vs 20.6%, P = 0.034). The mean time to recurrent
bleeding time was 4.21 mo in group A and 6.93 mo
in group B (P = 0.023). The median time to recurrent
bleeding was 5.2 mo in group A and 7.4 mo in group
B (95%CI: 3.2-8.5) (P = 0.016, log-rank test). The
mean time to recurrence of ascites was 6.11 mo in
group A and 11.45 mo in group B (P = 0.011). The
median time to recurrence of ascites was 5.9 mo in
group A and 10.4 mo in group B (95%CI: 6.5-9.2) (P
= 0.007, log-rank test) (Figure 2B and 2C).
The recurrence of bleeding and ascites in group D
were higher than in group C at 3 mo (15.4% vs 6.0%,
P = 0.035; 16.4% vs 5.9%, P = 0.035), 6 mo (20.1%
vs 9.6%, P = 0.038; 25.5% vs 10.5%, P = 0.022),
and 12 mo (26.8% vs 13.3%, P = 0.017; 35.6%
vs 19.3%, P = 0.009). The mean time to recurrent
bleeding was 13.61 mo in group C and 7.47 mo in
group D (P = 0.018). The median time to recurrent
bleeding was 8.7 mo in group C and 6.3 mo in group
D (95%CI: 3.2-8.5) (P = 0.011, log-rank test). The
mean time to recurrence of ascites was 14.26 mo in
group C and 7.19 mo in group D (P = 0.005). The
median time to recurrence of ascites was 9.1 mo in
group C and 6.8 mo in group D (95%CI: 6.5-9.2) (P =
0.009, log-rank test).
In all the patients among the four groups, the
incidence of HE did not differ significantly (P = 0.965).

DISCUSSION
It was believed previously that the shear force
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A

Group
Group
Group
Group

Percent primary unassisted patency

150

occlusion due to the pseudointimal hyperplasia of the
[13]
shunt end . A previous study has suggested that the
end of the stent positioned in the hepatic vein within
2 cm of the junction of hepatic vein and IVC improves
[14]
the primary patency of TIPS
when deployed with
bare metallic stent. The other factors of tract angle
[12]
influence the primary patency of the TIPS , such as
portal vein to the parenchymal tract and hepatic vein
to the parenchymal tract.
[15]
Andring et al
have suggested that whether the
end of the stent position in relation to the hepatic vein
IVC confluence or other factors of tract angle, such
as portal vein to parenchymal tract and hepatic vein
to parenchymal tract, have little effect on the primary
patency rate, which leads to recurrence of symptoms
and related mortality following TIPS.
PTFE-covered stent grafts increase the patency
[16,17]
of the stent for the TIPS procedure
. However, it
is reported that TIPS stent dysfunction and related
complications remain problems that disturb the
[18,19]
preferred clinical outcomes
. It is recommended
that the outflow of the PTFE-covered stent is connected
to the junction of the hepatic vein and IVC, and the
[10,20]
inflow to the main portal vein
.
The standard of position of the stent graft in the
hepatic vein in TIPS creation is based on the study by
[21]
Clark et al , in which the bare-metal stents used led
to the suggestion. They suggested that the hepatic
venous end of the bare metal stent was positioned
within 2 cm of the junction of the hepatic vein and IVC
was superior primary patency during TIPS creation.
The dilemma of initial stent position during TIPS
[22]
placement can have several clinical implications .
[15]
Andring et al
have shown that the hepatic venous
end of TIPS stent graft position in relation to the
hepatic vein and IVC junction has little effect on the
primary patency rate following TIPS. Similarly, other
factors such as whether access to the portal vein of the
stent involved the inflow end also has no significant
effect on primary patency, which leads to recurrence of
symptoms and TIPS-related mortality. Others believe
that the initial stent position within the outflow end
of the TIPS stent graft is an important determinant
of primary shunt patency, and have suggested that
adequate stent coverage of the hepatic venous outflow
[23,24]
affects stent patency
. For patients in whom the
caudal end of the stent was not parallel to the vascular
wall of the portal vein, chronic injury to the portal vein
intima caused by the end of the stent graft can be
responsible for the stenosis or occlusion of the portal
[14]
vein .
Our center has been engaged in TIPS treatment
since 1993, from the outset of using bare stents to
stent grafts after 2004. Placement of the stent in the
left branch of the portal vein decreases the risk of HE,
and highly angulated and/or tortuous parenchymal
tracts, affects shunt patency by creating areas of
altered shear stress with potentially accelerated
[25,26]
pseudointimal hyperplasia
. During the TIPS
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Figure 2 Primary unassisted patency (A), recurrent variceal bleeding
(B) and recurrent ascites (c) in four groups of patients with transjugular
intrahepatic portosystemic shunt. A: The median shunt primary patency time
was 5.2 mo in group A and 9.1 mo in group B (95%CI: 4.3-5.6, P = 0.013, logrank test). The median shunt primary patency time was 8.3 mo in group C and
6.9 mo in group D (95%CI: 6.3-7.6, P = 0.025, log-rank test); b: The median
time to recurrence of bleeding was 5.2 mo in group A and 7.4 mo in group B
(95%CI: 3.2-8.5, P = 0.016, log-rank test). The median time to recurrence of
bleeding was 8.7 mo in group C and 6.3 mo in group D (95%CI: 3.2-8.5, P =
0.011, log-rank test); c: The median time to recurrence of ascites was 5.9 mo
in group A and 10.4 mo in group B (95%CI: 6.5-9.2, P = 0.007, log-rank test).
The median time to recurrence of ascites was 9.1 mo in group C and 6.8 mo in
group D (95%CI: 6.5-9.2, P = 0.009, log-rank test).

of blood flow at the end of the stent, and fibrotic
healing response to the injury of shunt creation leads
to parenchymal stenosis, resulted in stenosis and
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procedure, we punctured as far as possible to the left
branch of the portal vein and the stent was straight,
avoiding the sheer force of the blood flow caused by
the stent. In our study, all 425 patients had the left
branch of the portal vein punctured, in an attempt to
minimize the occurrence of HE.
In this study, we investigated the problem of
initial stent position at the time of TIPS creation and
[27]
predicted stent patency. As reported previously , we
did not compare long-term outcomes among the four
groups because patients who were later found to have
TIPS shunt terminating in the hepatic vein or main
portal vein underwent TIPS revision with placement of
an additional stent to extend the outflow to the IVC,
and/or dilated balloon.
As seen in our study, the primary unassisted
patency rate in group B tended to be higher than in
group A, and the median unassisted patency time was
shorter in group A than in group B. We confirmed that
the initial end of the stent position within the outflow
of the TIPS shunt is an important determinant of shunt
patency. The stenosis or occlusion sites in the cases
with shunt dysfunction correlated well with their initial
stent position, and we suggest that an adequate stent
should be extended to the junction of the hepatic vein
and IVC.
It is believed that, in patients who are potential
liver transplantation candidates, the outflow position
of the initial stent must be chosen with care as to
avoid where it will interfere with placement of the
[28,29]
suprahepatic clamp
. However, for orthotopic liver
transplantation, the lack of liver tissue attachment to
the stent, which allows an easier stent-graft removal,
and the need to cover the IVC does not seem to be
a contraindication in patients awaiting liver trans
[30]
plantation . For piggy-back liver transplantation,
stent placement at the junction of the hepatic vein and
[31]
IVC does not influence the suprahepatic clamp . So,
we suggest that an adequate stent should be extended
to the junction of the hepatic vein and IVC, and it
should not influence liver transplantation.
Acceptance of the PTFE-covered stent (Viatorr) in
the Chinese marketplace means that it will be widely
deployed in TIPS placement. The inflow endpoint of
[32]
the stent is the main portal vein . The bare part of
the stent is stiff and may cause endothelial injuries,
with the subsequent development of thrombosis. A
modification of the uncovered portion of the stent
graft would probably be necessary to avoid portal vein
stenosis.
In our study, the primary unassisted patency rate
in group C tended to be higher than in group D, and
the median unassisted patency time was longer in
group C than group D. Our experience was consistent
with the hypothesis that the end of the stent leads
to chronic injury to the portal vein intima that is re
sponsible for portal vein stenosis or occlusion. The
portal blood flow is remodeled by the inflow position
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after stent placement, which produces a vortex and
turbulence, and the shear force and uneven flow
cause endometrial damage, thrombosis, intimal hyper
[12,33,34]
plasia and stenosis
. Thus, we suggest that if
improvement is needed at the front end of the stent,
one should not enter the main portal vein in order to
reduce the possibility of stenosis or occlusion.
The incidence of HE reported in the literature
[3]
varies widely . However, in our study, HE occurred
at the same rate at the first year after TIPS creation.
We speculate that the prevalence of HE was equal in
the inpatients treated with an 8-mm stent, and shunt
dysfunction needed immediate revision during TIPS
venography for stent patency. We recommend the use
of 8-mm stent grafts in most patients.
Our study had some limitations. First, it was a
retrospective, single-center study, although there was
a wide range of patient populations. We now anticipate
a multicenter study. Second, we have yet to apply
the PTFE-covered stent (Viatorr) stent, which has
not been used in this capacity, but it is expected that
some suggestions will be provided based on previous
experience. Third, the specification of balloon and
stent was deficient, which may have resulted in errors.
In conclusion, the initial stent position within the
outflow and inflow of the TIPS creation is an important
determinant of shunt primary patency. We suggest
that the initial stent position of the outflow should be
extended to the junction of the hepatic vein and IVC,
and the inflow to the left branch of the portal vein.
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Background

Transjugular intrahepatic portosystemic shunt (TIPS) is currently used for
the treatment of complications of portal hypertension. Despite its efficacy in
preventing syndromes, TIPS is prone to shunt stenosis or occlusion leading
to shunt failure, and about 50% of patients with TIPS require shunt revision,
which makes close surveillance and frequent costly revisions mandatory. Even
with new stents or stent grafts covered with polytetrafluoroethylene (PTFE),
post-TIPS shunt obstruction and a high rate of symptom recurrence remain
problems. The purpose of this study was to evaluate the effect of selected
technical factors of the primary stent position on primary shunt patency, and
time to recurrence of symptoms in TIPS with a stent graft to avoid the need for
repeat interventions.

Research frontiers

Previous studies based on TIPS created with bare metallic stents have
suggested that the positioning of the hepatic venous end of the stent within 2
cm of the hepatic vein/inferior vena cava (IVC) junction improves the primary
patency of TIPS. It is recommended that the outflow of the PTFE-covered stent
(Viatorr) is placed at the junction of the hepatic vein and IVC, and the inflow at
the main portal vein. These results help to explain the inflow of the stent to the
portal vein, outflow of the stent to the hepatic vein and IVC, by retrospective
analysis of a large patient sample and long-term case review. The results of this
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study also provide useful clinical suggestions.

Innovations and breakthroughs

In this study, the initial position of the stent inflow at the junction of the hepatic
vein and IVC prolongs the median primary unassisted patency rate and reduces
the incidence of recurrent bleeding and ascites. These results are in agreement
with previous reports. However, in this study, the initial position of the stent
outflow at the left branch of the portal vein also prolonged the median primary
unassisted patency rate and reduced the incidence of recurrent bleeding and
ascites. This emphasizes that the initial stent position within the outflow and
inflow of the TIPS is an important determinant of shunt patency, and suggests
that the initial stent position of the outflow should be extended to the junction of
the hepatic vein and IVC, and the inflow to the left branch of the portal vein.

9

10

Applications

11

The initial stent position within the outflow and inflow of the TIPS is an important
determinant of shunt patency. This study suggests that the initial stent position
of the outflow should be extended to the junction of hepatic vein and IVC, and
the inflow to the left branch of the portal vein.

12

Terminology

TIPS is currently used for the treatment of complications of portal hypertension
by establishing a shunt between the intrahepatic portal vein and vena cava to
relieve portal hypertension.
13

Peer-review

The author reported 425 patients with refractory ascites or variceal bleeding
treated with TIPS placement. To date this size of cohort study have never been
reported and is essential to be published. Their results demonstrated that the
initial stent position influences stent patency, and the risk of recurrent symptoms
associated with shunt stenosis or occlusion.
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Abstract
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AIM
To determine the prevalence of gastrointestinal
neoplasia among dermatomyositis patients who
underwent an esophagogastroduodenoscopy and/or
colonoscopy.

Informed consent statement: Waived by institutional review
board given retrospective nature of the study.

METHODS
A cross-sectional study examining the results of
upper endoscopy and colonoscopy in adults with
dermatomyositis at an urban, university hospital over
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a ten year period was performed. Chart review was
performed to confirm the diagnosis of dermatomyositis.
Findings on endoscopy were collected and statistical
analyses stratified by age and presence of symptoms
were performed.

INTRODUCTION
Patients with dermatomyositis, a common idiopathic
inflammatory myopathy characterized by muscle
weakness and cutaneous findings affecting appro
ximately 1 per 100000 people are generally considered
to have an increased prevalence of gastrointestinal
[1,2]
(GI) malignancy
. However, the reported pre
valence of GI malignancy varies depending on the
level of chart review or diagnostic codes used to
[3-9]
verify the diagnoses
. Large population-based
[3-5]
studies
utilizing diagnostic codes for identifying
dermatomyositis patients have reported a prevalence
of GI malignancy as high as five percent. Additionally,
a study using extensive testing for malignancy in
dermatomyositis patients reported a 15% prevalence
[6]
of GI malignancy . In contrast, small retrospective
[7-9]
studies
utilizing individual level chart review
have reported the prevalence of gastric or colorectal
cancer (CRC) to be closer to one percent among
dermatomyositis patients.
Currently, there are no guidelines that recommend
an initial endoscopic workup for evaluation of an
underlying GI malignancy in dermatomyositis patients.
However, given the reported increased prevalence of
GI neoplasia, many providers recommend an upper
esophagogastroduodenoscopy (EGD) and colonoscopy
as part of routine clinical care among dermatomyositis
patients despite the lack of signs, symptoms, or
laboratory abnormalities to suggest a GI source. To
date, there are no data regarding the utility of this
practice among dermatomyositis patients. Therefore,
the aim of this study was to determine the prevalence
of GI neoplasia among dermatomyositis patients who
underwent an EGD and/or colonoscopy.

RESULTS
Among 373 adult patients identified through a
code based search strategy, only 163 patients had
dermatomyositis confirmed by chart review. Of the
47 patients who underwent upper endoscopy, two
cases of Barrett’s esophagus without dysplasia were
identified and there were no cases of malignancy. Of
the 67 patients who underwent colonoscopy, no cases
of malignancy were identified and an adenoma was
identified in 15% of cases. No significant differences
were identified in the yield of endoscopy when stratified
by age or presence of symptoms.
CONCLUSION
The yield of endoscopy is low in patients with
dermatomyositis and is likely similar to the general
population; we identified no cases of malignancy.
A code based search strategy is inaccurate for the
diagnosis of dermatomyositis, calling into question
the results of prior population-based studies. Larger
studies with rigorously validated search strategies are
necessary to understand the risk of gastrointestinal
malignancy in patients with dermatomyositis.
Key words: Endoscopy; Dermatomyositis; Colon cancer;
Screening
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Dermatomyositis is associated with an
increased risk of gastrointestinal (GI) malignancies
based on large-population based studies. These prior
studies utilized code-based search strategies and
did not perform individual chart review. The yield of
endoscopy in this patient population is not known. In
this study, endoscopy identified no cases of malignancy
and was of low yield, likely similar to the general
population, in the identification of pre-malignant
findings. Code-based searched strategies were
inaccurate in the identification of dermatomyositis,
calling into question the results of prior populationbased studies. The association between increased GI
malignancy and dermatomyositis may be lower than
previously reported.

MATERIALS AND METHODS
Study population

This retrospective, cross-sectional study was conducted
at the University of California, San Francisco (UCSF),
an academic, tertiary care medical center serving
over 1.2 million people in the San Francisco Bay
Area. Patients with dermatomyositis were referred to
either UCSF’s rheumatology, dermatology, or gastro
enterology clinics.

Study oversight

The study was approved by the UCSF institutional
review board, which waived the requirement for
informed consent. The listed authors had sole res
ponsibility for the study design, data collection,
decision to submit the manuscript for publication, and
drafting of the manuscript.

Kidambi TD, Schmajuk G, Gross AJ, Ostroff JW, Terdiman
JP, Lee JK. Endoscopy is of low yield in the identification of
gastrointestinal neoplasia in patients with dermatomyositis:
A cross-sectional study. World J Gastroenterol 2017; 23(26):
4788-4795 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i26/4788.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i26.4788
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Study eligibility criteria

We included all dermatomyositis patients 18 years
of age and above seen at UCSF between January
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2005-February 2016, who had an endoscopy (EGD
and/or colonoscopy) at or after their dermatomyositis
diagnosis. We selected this time period because of
the availability of electronic health records. To identify
patients with dermatomyositis seen at UCSF, we
performed a comprehensive search of our electronic
medical record using International Classification
of Diseases (ICD)-9 and ICD-10 diagnoses codes
(Supplementary Table 1). We also reviewed a sepa
rate query of the electronic medical record initiated
by UCSF’s rheumatology division, which utilized a
combination of ICD-9 and ICD-10 codes as well
as clinic modifiers used for research purposes by
the rheumatology clinic, to identify any additional
dermatomyositis patients that may have been missed
by our diagnostic code search. After the initial search,
two reviewers (TDK, JKL) manually reviewed each
chart to confirm the diagnosis of dermatomyositis. We
defined a dermatomyositis diagnosis as any patient
seen in either rheumatology and/or dermatology
clinic with a diagnosis of dermatomyositis made
by histological and/or clinical criteria; patients with
an overlap rheumatologic condition that included
dermatomyositis were included. For any charts
where the diagnosis of dermatomyositis was unclear
or with discordant results by the two reviewers, a
rheumatologist was used for adjudication.

Diverticulosis, distal hyperplastic polyps and nonspecific findings on endoscopy with normal histology
(such as “thickened folds” or “nodules”) were included
as normal. Pre-malignant findings included any
colonic adenoma, proximal serrated lesions, and were
further categorized as advanced adenomas or lowrisk adenomas. We defined an advanced adenoma as
any adenoma of any size with high grade dysplasia or
a villous component or an adenoma greater than ten
millimeters in size, low risk tubular adenomas, defined
as less than three adenomas not meeting criteria for an
advanced adenoma, or higher risk tubular adenomas,
defined as three of more tubular adenomas found
on a single colonoscopy. Malignancy was defined as
carcinoma of the colon, including adenocarcinoma and
neuroendocrine neoplasms. Non-malignant findings
included inflammatory bowel disease and microscopic
colitis. If subsequent colonoscopies were performed
after the initial colonoscopy, the findings were collected
and the highest risk finding was recorded.

Statistical analyses

The primary outcome of the study was the yield
of endoscopy to identify GI neoplasia among
dermatomyositis patients. We further stratified the
findings on endoscopy by age and whether signs or
symptoms were present at the time of endoscopy.
Statistical analyses comparing differences amongst
the patients who underwent endoscopy stratified by
2
age or presence of symptoms was performed using χ
test and Fisher’s exact test was used for categorical
variables with less than five outcomes. Results were
displayed as either mean ± SD) or the number of
outcomes (percentage who underwent endoscopy).
All analyses were performed using SPSS (IBM version
23) and a two-tailed P value of < 0.05 was considered
statistically significant.

Data sources and variables

We obtained patient demographic and clinical
information for each dermatomyositis patient included
in this study from our electronic medical records, which
included clinic notes, consultation notes, endoscopy
reports, pathology reports, radiology reports, and
cancer diagnoses. Age and disease duration were
defined as the age at the end of the study period or
the difference in years between the patients’ date
of birth and the end of the study period (February
2016), respectively. For patients who underwent an
endoscopy, data on age and disease duration at the
time of endoscopy was collected. Findings on EGD
were categorized as normal, pre-malignant, malignant,
or non-malignant. Gastric and duodenal erosions with
non-specific inflammation on histology were included
as normal. Pre-malignant findings on EGD included
Barrett’s esophagus (with or without dysplasia), gastric
intestinal metaplasia (with or without dysplasia)
and duodenal adenoma. Malignant findings on EGD
included carcinoma of the esophagus, stomach or
duodenum. Non-malignant findings included erosive
esophagitis, infectious esophagitis (such as candidiasis
or cytomegalovirus infection) and helicobacter pylori
infection, all of which were confirmed on histology,
as well as esophago-gastric varices. If subsequent
EGDs were performed after the initial endoscopy, the
findings were collected and the highest risk finding
was recorded.
Findings on colonoscopy were categorized as
normal, pre-malignant, malignant, or non-malignant.

WJG|www.wjgnet.com

RESULTS
Identification of study cohort

A total of 458 patients were identified by querying
the electronic medical records for ICD-9 and ICD-10
codes of dermatomyositis between January 2005 and
February 2016. We did not identify any additional
dermatomyositis patients after reviewing the
rheumatology initiated query of the electronic medical
record. After chart review of the 458 patients, 295
of these patients (64%) were excluded because they
either had dermatomyositis incorrectly coded (n =
210, 46%) or they were younger than 18 years of
age (n = 85, 18%). Thus, a total of 163 patients with
dermatomyositis were included and, of these, 79
patients had an endoscopy documented within the
electronic medical record (EGD and/or colonoscopy) as
shown in Figure 1.

Patient characteristics

Baseline demographic data for the patients who
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ICD-9 and 10 codes of dermatomyositis
between 2005-2016 among UCSF
population
(n = 458)

Chart review and crossreference with rheumatology
database

Excluded: no dermatomyositis
(n = 210)

Dermatomyositis
(n = 248)

Excluded: individuals < 18
years of age (n = 85)

No documented
endoscopy (n = 84)

Had endoscopy
(n = 79)

Upper endoscopy
(n = 47)

Colonoscopy
(n = 67)

Figure 1 Attached as a powerpoint file.

underwent endoscopy is shown in Table 1. The mean
age of patients at the time of endoscopy was 56.7
years with a range from 21 to 88 years and a SD of
14.4 years; 73% were women. On average, patients
had dermatomyositis for 6.8 years at the time of
endoscopy with a SD of 6.6 years; 39 patients (49%)
had endoscopy within 5 years of their diagnosis. Of
the two patients with an adenocarcinoma of unknown
origin, one of these patients was diagnosed based on
biopsy of a large lymph node found on cross sectional
imaging while the other patient’s diagnosis was
made based on biopsy of a liver lesion, with genome
sequencing of the tumor suggestive of a lung primary.
The most common indication for EGD and colonoscopy
was screening in an otherwise asymptomatic patient
(40.4% and 73.1%, respectively); dysphagia was
the most common symptom present at time of EGD
(27.7%) and diarrhea and abdominal pain were the
most common symptoms prompting colonoscopy
(16.5%).
Chart review was performed on the patients with
a diagnosis of dermatomyositis who did not undergo
endoscopy and the results comparing demographic
data for these patients compared to those who did
undergo endoscopy is shown in Supplementary Table
2. Patients who underwent endoscopic evaluation
were significantly older at the time of their derma
tomyositis diagnosis than those who did not (50.1
± 15.9 vs 40.6 ± 15.9, respectively, P < 0.01). No
significant differences were identified in any of the
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other variables, including personal history of cancer.
The single patient with CRC who did not undergo
endoscopy was diagnosed with CRC 10 years prior to
her dermatomyositis diagnosis and no records of the
initial or subsequent surveillance colonoscopies were
available in the electronic medical record.

Yield of endoscopy

Of the 47 patients who underwent EGD, no cases of
malignancy were identified on either the initial exam, or
if performed, on subsequent exams as shown in Table 2.
EGD identified two cases of Barrett’s esophagus without
dysplasia and subsequent EGD at one year identified
no progression of the Barrett’s in either patients. In
another patient, gastric intestinal metaplasia without
dysplasia on random gastric biopsies was identified
on EGD and the patient underwent a total of seven
subsequent surveillance EGDs over ten years without
progression of the gastric intestinal metaplasia.
There were no cases of malignancy detected in the
67 patients who underwent colonoscopy as shown in
Table 2. Of the 12 patients who underwent surveillance
exams, the majority underwent a single surveillance
exam in the study period while one patient underwent
three exams over a ten-year period for surveillance
purposes because of a previous finding of an advanced
adenoma (> 10 mm sessile serrated adenoma) and
a family history of CRC. Seventy-nine percent of the
colonoscopies were normal and at least one adenoma
was identified on 14.9% of the initial colonoscopies,

4791

July 14, 2017|Volume 23|Issue 26|

Kidambi TD et al . Yield of endoscopy in dermatomyositis
Table 2 Yield of endoscopy n (%)

Table 1 Baseline demographic and indications for endoscopy

n (%)

Baseline characteristics
Age (mean ± SD)
Male gender
Age at dermatomyositis diagnosis
(mean ± SD)
Disease duration (mean ± SD) at
time of endoscopy
Personal history of cancer
Melanoma
Prostate
Endometrial
NCC
HCC
RCC
AdenoCA of unknown origin
Indication for EGD
Screening
Dysphagia
Dyspepsia/pain
IDA
Weight loss
Abnormal CT scan
Indication for colonoscopy
Screening
Surveillance
Diarrhea, abdominal pain
IDA
Weight loss
Blood in stool
Abnormal CT

Findings on EGD, n = 47
Malignancy
Pre-malignancy
Barrett's esophagus without dysplasia
Gastric intestinal metaplasia
Non-malignant findings
Esophageal varices
H. pylori gastritis
CMV esophagitis
Candida esophagitis
Normal
Findings on colonoscopy, n = 67
Colorectal cancer
Any adenoma
Inflammatory bowel disease
Normal

Had endoscopy (n = 79)
56.7 (14.4)
21 (27)
50.1 (15.9)
6.8 (6.6)
8 (10.1)
1
1
1
1
1
1
2
Had EGD (n = 47)
19 (40.4)
13 (27.7)
9 (19.1)
2 (4.3)
3 (6.4)
1 (2.1)
Had colonoscopy (n = 67)
49 (73.1)
2 (3.0)
11 (16.4)
2 (3.0)
1 (1.5)
1 (1.5)
1 (1.5)

0 (0)
10 (14.9)
4 (6.0)
53 (79.1)

EGD: Esophagogastroduodenoscopy.

DISCUSSION
Although screening for GI neoplasia is commonly
recommended in patients with dermatomyositis, the
yield of endoscopy remains unclear. To that end, we
report results of the largest study of dermatomyositis
patients utilizing individual chart-review and the first
to examine the yield of endoscopy on identification of
pre-malignant and malignant lesions of the GI tract
in the United States. In our study of 79 physicianconfirmed dermatomyositis patients, we found the
yield of endoscopy to be low for the identification of premalignant and malignant GI lesions, even when stratified
by age, in both asymptomatic and symptomatic patients,
calling into question an aggressive diagnostic approach
to identify occult malignancy. No cases of GI malig
nancy were identified; EGD was of very low yield in the
identification of significant pathology and colonoscopy
was only useful in identifying pre-malignant lesions
(colonic adenomas) in the screening age population
(patients 50 years and older).
To date, few studies have evaluated the prevalence
of GI malignancy in dermatomyositis patients. Previous
large, population-based studies have found an association
[3-5]
between dermatomyositis and GI malignancies . In
[6]
addition, a single descriptive study of 40 patients with
dermatomyositis and polymositis at a French hospital
over a 20 year period suggested that an extensive
search for malignancy with CT scans of the chest,
abdomen and pelvis increased the identification of
malignancy, when compared to routine malignancy
[7-9]
screening. In contrast, smaller studies
have found
a low prevalence of GI neoplasia. These studies found
[8,9]
gastric cancer in less than 3% of patients
and CRC
[7,8]
in less than 2% of patients
with dermatomyositis.
In our study, we found no GI malignancies after
an extensive endoscopic evaluation. One potential
explanation for these inconsistent findings could be
the identification of dermatomyositis patients. Studies

DM: Dermatomyositis; NCC: Nasal cell cancer; HCC: Hepatocellular
carcinoma; RCC: Renal cell cancer; AdenoCa: Adenocarcinoma; EGD:
Esophagogastroduodenoscopy; CT: Computed tomography.

with the majority being low risk tubular adenomas
(9.0%).

Yield of endoscopy stratified by age and symptoms

The yield of endoscopy, stratified by age less than
or greater than 50 years is shown in Table 3. We
selected age 50 as the cutoff because many United
States guidelines commonly recommend average[10]
risk CRC screening at this age . In addition, multiple
gastroenterology societies recommend esophageal
cancer or Barrett’s esophagus screening for highrisk individuals (i.e., long-standing gastro-esophageal
reflux disease, Caucasian race, obesity, etc.) at age
[11]
50 . There were no statistical differences in the yield
of EGD for pre-malignant conditions stratified by age.
The yield of endoscopy, stratified by the presence of
symptoms is shown in Table 4. There were no identified
differences in the yield of EGD when symptoms
were present. Asymptomatic patients undergoing
colonoscopy were more likely to have a normal
exam than those with symptoms (86.3% vs 56.3%,
respectively, P = 0.01), which was attributable to the
finding of inflammatory bowel disease or microscopic
colitis in symptomatic patients (25% vs 0% in the
asymptomatic patients, P < 0.01).

WJG|www.wjgnet.com

0 (0)
3 (6.4)
2
1
8 (17)
2
4
1
1
36 (76.6)
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Table 3 Yield of endoscopy stratified by age n (%)
Age < 50 (n = 21)
Findings on EGD
Normal
Pre-malignancy
Malignancy
Non-malignant
Findings on Colonoscopy
Normal
Any adenoma
Colorectal cancer
Inflammatory bowel disease

Age ≥ 50 (n = 26)

16 (76.2)
1 (4.8)
0 (0)
4 (19.0)

Age ≥ 50 (n = 46)

P value

-

0.95
1.00
1.00
1.00

20 (76.9)
2 (7.7)
0 (0)
4 (15.4)

17 (81.0)
1 (4.8)
0 (0)
2 (9.5)

-

36 (78.3)
9 (20.0)
0 (0)
2 (4.3)

0.80
0.15
1.00
0.58

EGD: Esophagogastroduodenoscopy.

Table 4 Yield of endoscopy by presence of symptoms n (%)
Asymptomatic

n = 19
Findings on EGD
Normal
Pre-malignancy
Barrett's without dysplasia
Gastric intestinal metaplasia without dysplasia
Malignancy
Non-malignant
Varices
Helicobacter pylori gastritis
Cytomegalovirus esophagitis
Candida esophagitis
Findings on Colonoscopy
Normal
Pre-malignancy
Advanced adenoma
Low risk tubular adenoma
≥ 3 tubular adenomas
Malignancy
Non-malignant findings
IBD
Microscopic colitis

15 (78.9)
0 (0)
0 (0)
4 (21.1)
2 (10.5)
2 (10.5)
-

P value

Symptomatic

n = 51

n = 28

n = 16

-

21 (75.0)
3 (10.7)
2 (7.1)
1 (3.6)
0 (0)
4 (14.3)
2 (7.1)
1 (3.6)
1 (3.6)

-

44 (86.3)
7 (13.7)
1 (2.0)
5 (9.8)
1 (2.0)
0 (0)
0 (0)
-

-

9 (56.3)
3 (18.8)
1 (6.3)
1 (6.3)
1 (6.3)
0 (0)
4 (25)
3 (18.8)
1 (6.3)

0.75
0.26
0.70
0.01
0.69
< 0.01
-

EGD: Esophagogastroduodenoscopy; IBD: Inflammatory bowel disease.

[3,5]

utilizing ICD code based searches
and key-word
[4]
search criteria for the diagnosis of dermatomyositis
and GI malignancy showed higher prevalence for GI
[7-9]
malignancy compared to smaller studies , including
ours, that utilized individual chart review to confirm
the dermatomyositis diagnosis. In our study, we
found ICD coding based diagnosis of dermatomyositis
was inaccurate in 46% of the patients; this calls into
question the results of these prior studies and suggests
that rigorous validation is necessary for any future
population-based dermatomyositis studies.
Common factors for deciding to pursue endoscopic
or cross-sectional imaging workup in the general
population include advancing age and symptoms.
In our study, there were no significant differences in
the yield of endoscopy for pre-malignant conditions
stratified by age and symptoms. In the French cohort
of 40 dermatomyositis and polymositis patients, six
patients (15%) were diagnosed with a GI malignancy
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by endoscopy following an abnormal CT scan.
The results of our study are inconsistent with this
study, though only two patients in our study had
an abnormal CT prior to endoscopy. The presence
of concerning clinical symptoms (i.e., constitutional
symptoms, anemia, etc.) prompting further evaluation
with CT scans in all 40 patients, likely accounts
for the difference in results when compared to our
study, which largely included asymptomatic patients
undergoing screening endoscopy. Thus, we conclude
red-flag symptoms in dermatomyositis patients, as
in any patient, should prompt investigation for an
underlying cause, but endoscopy is probably of similar
yield in dermatomyositis patients as in age-matched
patients without dermatomyositis. Unfortunately, given
the retrospective nature of the study we were unable
to control for all potential confounders including the
presence of Epstein-Barr virus which in a prior study
[12]
was shown to be associated with gastric cancer risk .

4793

July 14, 2017|Volume 23|Issue 26|

Kidambi TD et al . Yield of endoscopy in dermatomyositis
Our study had many strengths. Because the
data were generated from routine clinical care, the
findings are likely to be accurate and generalizable
to other clinical centers caring for patients with
dermatomyositis. A particular strength of our data is
that individual chart review was conducted to verify the
diagnosis of dermatomyositis as well as the findings on
endoscopy and pathologic diagnoses. To our knowledge
this is the largest sample size of dermatomyositis
patients in a study utilizing chart review and therefore
is a valuable addition to the literature. As this is the
only study examining the yield of endoscopy in both
symptomatic and asymptomatic dermatomyositis
patients, the results are likely to help inform decisions
in the routine clinical care of patients.
There were several limitations to our study. Because
the study was conducted in a single tertiary care
center, there was loss to follow-up and it is possible
that, despite reviewing the electronic medical record
including uploaded records from care received outside
of UCSF, endoscopies performed elsewhere were not
captured and as a result cases of cancer were missed.
Furthermore, the age of patients in our study was
relatively young which may have reduced the likelihood
of identifying malignancy, as older age has been
shown to be a risk factor for neoplasia in this patient
[13]
population . However, this supports our finding that
the risk of neoplasia is likely similar to the general,
age-matched population and screening outside of the
guideline recommendations may not be needed where
an adenoma detection rate of 20%-30% is expected
in the United States. Additionally, a large number
of patients with dermatomyositis did not undergo
endoscopy so cases of cancer could have been missed.
However, this was mitigated by the fact that the entire
medical record was reviewed, since a cancer diagnosis
likely would have been mentioned in clinic notes or
within the problem lists. Furthermore, because there
is wide variation in practice it is possible that patients
who underwent endoscopy may have been perceived
by their physicians to be at higher risk for malignancy
but this would have biased our study towards an
overestimate of the prevalence of malignancy, which
is less of a concern given the negative findings of our
study. While this was the largest study of its kind,
the power to identify differences in endoscopy yield
stratified by age was low. For example, to detect a
5% difference in the prevalence of colonic adenomas
assuming a prevalence 25% would require over
1000 patients 50 years and older and another 1000
patients younger than 50. Given dermatomyositis
is a rare disease, an adequately powered study was
not feasible. Nevertheless, the absolute values and
findings in our study are still meaningful, interpretable
and may be more applicable to the clinician caring for
dermatomyositis than the previous larger population
based studies that did not utilize individual level chart
review.
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In conclusion, this study suggests that the yield of
endoscopy in dermatomyositis for the identification
of pre-malignant and malignant GI lesions is low in
the United States. In fact, our study identified no
cases of upper GI or colon cancers. Moreover, even
when stratified by age or the presence of symptoms,
endoscopy was of low yield, raising the question
of whether routine use of aggressive screening for
GI malignancy is necessary and justified. Further
studies utilizing rigorously validated search strategies
are necessary to determine the absolute risk of GI
malignancy in patients with dermatomyositis to inform
whether aggressive surveillance is needed beyond
what is recommended in the average-risk screening
population.
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Abstract
AIM
To evaluate the levels of von Willebrand factor (VWF)
and metalloproteinase with thrombospondin type-1
motif, number 13 (ADAMTS13) in inflammatory bowel
disease (IBD) and correlate them with the disease
activity.

Informed consent statement: All study participants provided
informed written consent prior to study enrolment.
Data sharing statement: All study participants gave informed
consent for data sharing.
Conflict-of-interest statement: The authors declare no conflict
of interest.

METHODS
Consecutive patients with IBD aged 18 years or older
were enrolled in the study. Forty-seven patients with
ulcerative colitis (UC), 38 with Crohn’s disease (CD),
and 50 healthy controls were included. The white blood
cell count, haematocrit, platelet count, fibrinogen,
partial activated thromboplastin time, C-reactive
protein, albumin, VWF antigen level (VWF:Ag), VWF
ristocetin cofactor activity (VWF:RCo), VWF collagen-

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
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binding activity (VWF:CB), and ADAMTS13 antigen
level (ADAMTS13:Ag) and activity (ADAMTS13act)
were measured. The following ratios were assessed:
VWF:RCo/VWF:Ag, VWF:CB/VWF:Ag, VWF:Ag/
ADAMTS13act, and ADAMTS13act/ADAMTS13:Ag.

org/10.3748/wjg.v23.i26.4796

RESULTS
Compared to controls, the odds ratio (OR) of an
elevated VWF: Ag > 150% was 8.7 (95%CI: 2.7-28.1)
in the UC group and 16.2 (95%CI: 4.8-54.0) in the CD
group. VWF:CB was lower in UC patients, and active
CD was associated with a higher VWF: RCo (+38%).
The ORs of VWF:CB/VWF:Ag < 0.7 (a marker of
acquired von Willebrand syndrome) in the UC and CD
groups were 11.9 (95%CI: 4.4-32.4) and 13.3 (95%CI:
4.6-38.1), respectively. Active UC was associated
with lower ADAMTS13:Ag (-23%) and ADAMTS13act
(-20%) compared to UC in remission. Patients with
active CD had a 15% lower ADAMTS13act than
controls. The activity of UC, but not that of CD, was
inversely correlated with ADAMTS13:Ag (r = -0.76) and
ADAMTS13act (r = -0.81).

In inflammatory bowel disease (IBD), which includes
ulcerative colitis (UC) and Crohn’s disease (CD),
a prothrombotic state leads to increased risk for
[1-3]
thrombosis . The estimated risk of venous throm
boembolism is threefold higher in IBD patients than
[4]
in the general population . A role for microvascular
thrombi in the pathogenesis of IBD is supported by
reports of a lower incidence of IBD in patients with
inherited bleeding disorders, such as haemophilia A and
[5]
B, and von Willebrand’s disease (VWD) .
Inflammation and blood coagulation are closely
related. An inflammatory state disturbs the balance
between procoagulant and anticoagulant mechanisms,
leading to enhanced blood coagulation, thrombin
[6-9]
generation, and deposition of poorly lysable fibrin .
Von Willebrand factor (VWF) is an acute-phase
[10-12]
protein and a marker of endothelial damage
.
Activation of endothelial cells by inflammation impairs
[13-16]
their anticoagulant function
. VWF is crucial for
platelet adhesion and aggregation. High-molecularweight multimers (HMWMs) are involved in platelet
aggregation under high shear stress but present
solely in the subendothelium and released into the
bloodstream following activation of endothelial cells
[17]
under normal conditions .
To assess VWF activity, two assays are commonly
used: VWF ristocetin co-factor activity (VWF:RCo),
which evaluates the ability of VWF to interact with
platelet glycoprotein Ib, and VWF binding to collagen
(VWF:CB), which evaluates platelet adhesion to collagen
[18]
exposed following damage to the endothelium .
Type 2A acquired von Willebrand syndrome (AVWS)
is characterised by an acquired qualitative VWF deficit
associated with HMWM depletion, which increases the
risk of mucocutaneous bleeding. VWF:CB is used to
detect the qualitative abnormalities associated with
[18]
HMWM depletion in type 2A VWD . In the absence
of shear stress, HMWMs are highly resistant to pro
teolysis by metalloproteinase with thrombospondin
[19]
type-1 motif, number 13 (ADAMTS13) . Regulation
of the size of VWF multimers by ADAMTS13 is critical
[20]
for normal haemostasis .
ADAMTS13 is a glycoprotein synthesised in endo
thelial cells and in hepatic stellate cells; it cleaves large
[17]
VWF multimers to smaller, less-active multimers .
Impaired cleavage of large VWF multimers due
to inadequate ADAMTS13 levels and/or impaired
ADAMTS13 activity (ADAMTS13act) leads to thrombotic
microangiopathies (TMA), which occur in several
diseases such as thrombotic thrombocytopenic purpura
(TTP), sepsis, malaria, malignancy, liver diseases,
[11,12,21]
myocardial infarction, and ischaemic stroke
. In
severe inflammatory states, in which the VWF level

INTRODUCTION

CONCLUSION
Complex VWF-ADAMTS13-mediated mechanisms
disturb haemostasis in IBD. A reduced WVF:CB is a
risk factor for bleeding, while a lower ADAMTS13 level
combined with an elevated VWF:Ag could predispose
one to thrombosis.
Key words: ADAMTS13; Inflammatory bowel disease;
Thrombosis; Acquired von Willebrand syndrome; von
Willebrand factor
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A tightly regulated balance between von
Willebrand factor and metalloproteinase with throm
bospondin type-1 motif, number 13 (ADAMTS13) is
important for haemostasis, and its dysregulation might
predispose one to either thrombotic events or bleeding.
We demonstrated a decrease in ADAMTS13act levels
in Crohn’s disease (CD) patients, and in ADAMTS13:
Ag and ADAMTS13act in ulcerative colitis (UC) patients,
in whom these parameters were negatively correlated
with disease activity and inflammatory markers. We
report for the first time the presence of abnormalities
typical of type A2 acquired von Willebrand syndrome
in inflammatory bowel disease patients. These findings
provide insight into the elevated risk for thromboembolic
events and bleeding observed in UC and less frequently
in CD.
Cibor D, Owczarek D, Butenas S, Salapa K, Mach T, Undas
A. Levels and activities of von Willebrand factor and metallo
proteinase with thrombospondin type-1 motif, number 13 in
inflammatory bowel diseases. World J Gastroenterol 2017;
23(26): 4796-4805 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i26/4796.htm DOI: http://dx.doi.
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[26]

is markedly elevated, a normal or slightly decreased
ADAMTS13 level may be insufficient to control ultra[22]
large VWF (UL-VWF) multimers .
A tightly regulated balance between VWF and
ADAMTS13 is important for haemostasis, and its
dysregulation might predispose one to either throm
botic events or bleeding. For example, patients
undergoing elective coronary artery bypass grafting
with lower preoperative VWF:RCo and high ADAMTS13
antigen (ADAMTS13:Ag) levels have a higher risk of
[23]
high postoperative bleeding .
To the best of our knowledge, the association
between ADAMTS13:Ag or ADAMTS13act and VWF
antigen level (VWF:Ag) and activity in IBD has not
been investigated in connection with the disease clinical
activity. Therefore, we evaluated the plasma levels of
these proteins and assessed their associations with
the clinical characteristics and levels of inflammatory
markers in patients with IBD.

CD and UC activity, the CD activity index
[27]
activity index were used .

Laboratory tests

Fasting blood samples were collected from the
antecubital vein in the morning. On the same day,
using routine laboratory techniques, the following
laboratory parameters were determined: WBC, haema
tocrit, platelet count, fibrinogen, partial activated
thromboplastin time, C-reactive protein (CRP), and
albumin.
VWF:Ag was measured by latex immunoassay using
an STAR coagulation instrument (Diagnostica Stago,
Asnieres, France), with a detection limit of 2 IU/dL.
The intra- and inter-assay coefficients of variation were
5.2% and 5.5%, respectively. VWF:RCo was assessed
turbidimetrically (Siemens, Erlangen, Germany); the
intra- and inter-assay coefficients of variation were
6.9% and 7.5%. The detection threshold for the assay
was 5 IU/dL. VWF:CB was determined by ELISA using
type Ⅲ collagen (Sigma) diluted in acetic acid, with
a limit of detection of 4 IU/dL; the intra- and interassay coefficients of variation were 6.1% and 6.7%.
ADAMTS13:Ag and ADAMTS13act were quantified
by means of fluorogenic assays (Technoclone, Wien,
Austria). The intra- and inter-assay coefficients of
variation were 5.8% and 6.5% for the level and 7.3%
and 7.8% for the activity. The lower limit of detection
of both tests was 5 IU/dL. The normal reference
ranges for VWF and ADAMTS13 parameters were
50-150 IU/dL.
The following ratios were assessed: VWF:RCo/VWF:
Ag, VWF:CB/VWF:Ag, VWF:Ag/ADAMTS13act, and
ADAMTS13act/ADAMTS13:Ag.

MATERIALS AND METHODS
Study population

Consecutive patients with IBD aged 18 years or
older were enrolled; the study population included
38 subjects with CD and 47 with UC. Disease was
diagnosed based on classic histological, endoscopic,
[24]
and radiological criteria . The patients were followedup at the Department of Gastroenterology, Hepatology
and Infectious Diseases, Jagiellonian University
Medical College, Krakow, Poland. The controls were
50 healthy volunteers recruited from the hospital
staff and their acquaintances. The exclusion criteria
were pregnancy, concomitant inflammatory disorders,
and severe diseases including myocardial infarction,
stroke, thromboembolism, known haemorrhagic
diathesis, cancer, renal insufficiency, liver injury and
diabetes. None of the patients or volunteers had been
treated with aspirin, heparin, oral anticoagulants, or oral
contraceptives.
The subjects provided informed written consent
to participate in the study, which was approved by
the Jagiellonian University Bioethics Committee (no
KBET/287/B/2014). Participants gave also informed
consent for data sharing. The study was performed in
accordance with the ethical principles of the Helsinki
Declaration of 2008.

Statistical analysis

The study was powered to have an 80% likelihood
of detecting a 30% effect size among patients with
UC, CD, and healthy controls in ADAMTS13act using
a significance level α = 0.05 and one-way analysis of
variance (ANOVA; fixed effects). To demonstrate an
effect size or greater in this variable, 37 patients were
required in each group.
Continuous data with a skewed distribution are
presented as means with standard deviations or
medians with interquartile ranges. Discrete data are
presented as numbers and percentages. To compare
mean values, a one-way ANOVA was performed if all
assumptions were met; otherwise a Kruskal-Wallis test
or Welch test was used. Normality was verified using
the Shapiro-Wilk test, and the Levene test was applied
2
to investigate the heterogeneity of variance. The χ
test or Fisher’s exact test was performed to examine
associations between categorical data. Odds ratios
were calculated for selected features. Correlations
between continuous variables were assessed by calcu
lating the Pearson or Spearman coefficient. A multivariate
linear regression was employed to verify the impact of
factors on ADAMTS13:Ag and ADAMTS13act.

Clinical assessment

The clinical assessment included the presence of
comorbidities, cigarette-smoking habits, and medica
tions. Body mass index was calculated. In patients
with CD and UC, the following parameters were
evaluated: disease duration, disease location, disease
activity, complications, and past surgical procedures.
Complications were defined as abscesses, fistulae, and
stenoses resulting in post-obstructive symptoms. To
determine the location of lesions in UC and CD patients,
[25]
the Montreal classification was employed . To assess
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Table 1 Characteristics of the studied subjects n (%)

Men
Age, yr
BMI, kg/m2
Smoking
Disease duration, yr
Surgery
Complications
Location
Rectum
Left-sided
Extensive colitis
Ileal
Colonic
Ileocolonic
Pregnancies, n
Miscarriages, n

Ulcerative colitis

Crohn’s disease

Control group

n = 47

n = 38

n = 50

22 (46.81)
37 (26-47)b
22.1 (20.5-25)
9 (19.15)
5 (2.5-9)
0 (0)b
3 (6.4)b

20 (52.63)
29.5 (22-34) a
20.43 (18.38-22.9)
15 (39.47)
3.5 (2-6)
11 (28.9)
11 (28.9)

7 (14.9)
25 (53.2)
15 (31.9)
NA
NA
NA
17
0

NA
NA
NA
12 (31.6)
3 (7.9)
23 (60.5)
12
1

35 (70)
36 (29-46)
23.9 (22.2-25.3)
17 (34)
NA
NA
NA
NA
NA
NA
NA
NA
NA
13
1

a

P < 0.05 vs the control group, bP < 0.05 vs the Crohn’s disease group. BMI: Body mass index.

Table 2 Comparison of active and inactive ulcerative colitis groups and controls

Disease activity index (points)
White blood cells, × 103/µL
Platelet coun, × 103/µL
Haematocrit (%)
Haemoglobin, g/dL
Fibrinogen, g/L
CRP, mg/L

Ulcerative colitis inactive

Ulcerative colitis active

Control group

n = 21

n = 26

n = 50

2.33 ± 1.68b
6.89 (4.91-7.74)
286.02 (216-303) b
43.4 (39.95-44.55) b
13.5 ± 1.67
2.52 (2.19-3.92) b
1.24 (0.79-1.89) b

7.96 ± 1.91
8.22 (5.54-9.65)
326 (252-379) a
39.85 (36.8-42.2)
12.7 ± 1.5a
4.97 (3.83-6.99) a
10.7 (7.22-20.8) a

NA
6.75 (6.1-7.9)
229.5 (199-268)
41.1 (39.5-43)
14.3 ± 1.1
3.05 (2.48-4.16)
1.68 (.98-2.24)

a

P < 0.05 vs the control group, bP < 0.05 vs active ulcerative colitis group. CRP: C-reactive protein.

Calculations were performed using the R statistical
package version 3.2.2 (The R Foundation for Statistical
Computing, www.r-project.org). The G*Power 3
software version 3.1.9.2 was used for the power
[28]
calculation . The statistical review of the study
was performed by a biomedical statistician, Kinga
Salapa from the Department of Bioinformatics and
Telemedicine, Jagiellonian University Medical College.

UC (Table 4) and CD (Table 5) as compared to controls.
VWF activity, as assessed by the VWF:CB coefficient,
was lower in patients with active and inactive UC
compared to controls (Table 4). No such difference
was evident in CD patients (Table 5). Patients with
active CD had 38% higher VWF: RCo activity than
the controls (Figure 1). Approximately 50% of the
IBD patients (n = 42) had a VWF:Ag of greater than
150%, compared to 8% (n = 4) of the controls. In the
UC group, the OR of a VWF; Ag greater than 150%
was 8.7 (95%CI: 2.7-28.1), while in the CD group the
OR was 16.2 (95%CI: 4.8-54.0) vs controls (Figure
2). None of the subjects had a deficiency in VWF; no
cases of VWD were observed.

RESULTS
Patient characteristics

The characteristics of the IBD patients and controls are
presented in Table 1. Patients with UC were treated
with mesalamine 2-4 g/d and 10 of them were on
maintenance therapy with thiopurines. All patients with
CD were on maintenance therapy with thiopurines and
the subgroup with inflammatory lesions in the large
intestine and the ileocecal region was treated with
mesalamine (2 g/d). Data for the active and inactive
UC and CD groups are presented in Tables 2 and 3,
respectively.

ADAMTS13

Patients with active UC had a 23% lower ADAMTS13:
Ag and ADAMTS13act compared to those in remission
(Table 4). No such differences were noted in the CD
group, in which patients with active CD had a 15%
lower ADAMTS13act than the controls (Table 5).
Both the UC and CD patients had lower VWF:CB/
VWF:Ag coefficients than the controls. The mean VWF:
CB/VWF:Ag values tended to be lower in patients with
exacerbated disease compared to subjects in remission

VWF

VWF:Ag was higher in patients with active and inactive
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Table 3 Comparison of active and inactive Crohn’s disease groups and controls

CDAI (points)
White blood cells, × 103/µL
Platelet count, × 103/µL
Haematocrit, %
Haemoglobin, g/dL
Fibrinogen, g/L
CRP, mg/L

Crohn’s disease inactive

Crohn’s disease active

Control group

n = 16

n = 22

n = 50

83.38 ± 33.30b
6.74 (5.47-7.08)
291.5 (209-336)b
42.7 (39.75-45.1)b
13.99 ± 1.36b
3.81 (2.63-4.7)b
2.95 (1.19-5.72)b

236.05 ± 63.46
6.71 (4.91-9.02)
324.5 (289-386)a
37.9 (35.8-39.8)a
12.15 ± 1.4a
6.52 (4.76-8.26)a
33.8 (16.4-72.3)a

NA
6.75 (6.1-7.9)
229.5 (199-268)
41.1 (39.5-43)
14.3 ± 1.1
3.05 (2.48-4.16)
1.68 (0.98-2.24)

a

P < 0.05 vs the control group, bP < 0.05 vs active Crohn’s disease group. CDAI: Crohn’s disease activity index; CRP: C-reactive protein.

Table 4 Characteristics of markers in active and inactive ulcerative colitis groups and controls

VWF:RCo, IU/dL
VWF:Ag, IU/dL
VWF:CB, IU/dL
ADAMTS13: Ag (IU/dL)
ADAMTS13act (IU/dL)
VWF:RCo/VWF:Ag
VWF:CB/VWF:Ag
VWF:Ag/ADAMTS13act
ADAMTS13act/ADAMTS13:Ag

Ulcerative colitis inactive

Ulcerative colitis active

n = 21

n = 26

120.61 ± 36.33
139.6 (110.3-166.5)a
84.93 ± 13.88a
86.15 ± 10.17a,b
81.2 (79.4-92.9)b
0.96 (0.92-0.97)
0.68 (0.50-0.79)a
1.54 (1.34-2.07)a
1.01 (0.97-1.02)

Control group

n = 50

134.2 ± 46.7
144.95 (120.8-180.5)a
78.87 ± 14.99a
66.39 ± 11.45a
65.05 (55.7-75.1) a
0.97 (0.87-1.01)
0.5 (0.45-0.70) a
2.22 (1.65-2.84) a
1.0 (0.97-1.03)

114.03 ± 24.67
106.65 (90.7-122.5)
97.99 ± 10.3
103.86 ± 10.84
111.0 (97.8-122.8)
0.97 (0.91-1.15)
0.91 (0.80-1.05)
0.98 (0.79-1.20)
1.02 (0.94-1.18)

a

P < 0.05 vs the control group, bP < 0.05 vs active ulcerative colitis group.

Table 5 Characteristics of markers in active and inactive Crohn’s disease groups and controls

VWF:RCo, IU/dL
VWF:Ag, IU/dL
VWF:CB, IU/dL
ADAMTS13:Ag, IU/dL
ADAMTS13act, IU/dL
VWFRCo/VWF:Ag
VWF:CB/VWF:Ag
VWF:Ag/ADAMTS13act
ADAMTS13act/ADAMTS13:Ag

Crohn’s disease inactive

Crohn’s disease active

n = 16

n = 22

n = 50

157.04 ± 61.03a
182.98 (130.4-219.8)a
89.3 (80.6-99.7)
99.29 ± 15.33
94.48 ± 15.74a
0.96 (0.79-1.01)
0.54 (0.45-0.65)a
1.88 (1.48-2.56)a
0.96 (0.92-1.03)

114.03 ± 24.67
106.65 (90.7-122.5)
98.05 (91.9-101.8)
103.86 ± 10.84
111.05 ± 17.69
0.97 (0.91-1.15)
0.91 (0.80-1.05)
0.98 (0.79-1.20)
1.02 (0.94-1.18)

143.47 ± 46.12
135.4 (116.85-175.65)a
98.85 (86.15-102.25)
104.44 ± 9.96
104.82 ± 8.61
0.96 (0.95-1.00)
0.65 (0.45-0.87)a
1.26 (1.12-1.62)a
0.99 (0.94-1.05)

Control group

a

P < 0.05 vs the control group.

(P > 0.05). Importantly, the OR of a VWF:CB/VWF:
Ag < 0.7 in the UC group was 11.9 (95%CI: 4.4-32.4)
vs controls, while that in the CD patients was 13.3
(95%CI: 4.6-38.1). The OR of a VWF:RCo/VWF:Ag
of less than 0.7 in the UC group was 18.7 (95%CI:
1.0-337.4) and that in the CD group was 20.2 (95%CI:
1.1-370.8) vs control subjects.
The VWF:Ag/ADAMTS13act coefficients were
higher in the two disease groups than in the control
group. In the UC group, there were inverse correlations
between ADAMTS13: Ag and VWF:RCo (r = -0.35, P
= 0.0168) and between ADAMTS13:Ag and VWF:Ag
(r = -0.33, P = 0.0245). In the CD group there were
inverse associations between ADAMTS13:Ag and VWF:
Ag (r = -0.39, P = 0.0158) and between ADAMTS13:
Ag and VWF:CB (r = - 0.33, P = 0.0388). In both

WJG|www.wjgnet.com

groups, ADAMTS13:Ag was closely correlated with
ADAMTS13act (UC: r = 0.98; CD: r = 0.85; P < 0.0001
for both).
VWF:CB was negatively correlated with disease
activity (r = -0.35, P = 0.0157) and positively correlated
with disease duration (r = 0.38, P = 0.0116) in the UC
group. UC patients also showed inverse correlations
between disease activity and ADAMTS13: Ag (r =
-0.76, P < 0.0001) and ADAMTS13act (r = -0.81, P <
0.0001) (Figure 3).
The multivariate linear regression model showed
that in the UC patients 63.5% of the ADAMTS13Ag
variation was associated with three predictors: disease
activity, CRP, and platelets, with the first having the
greatest effect (Table 6). Moreover, disease activity
explained approximately 61.4% of the variation in
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Table 6 Results of multiple linear regression in ulcerative colitis patients

Platelets
C-reactive protein
Disease activity
adj.R2

ADAMTS13:Ag

ADAMTS13act

β = -0.03 (95%CI: -0.07; -0.01)
P = 0.044
β = -0.19 (95%CI: -0.33; -0.05)
P = 0.103
β = -2.27 (95%CI: -3.18; -1.35)
P < 0.001
65.3%

β = -0.25 (95%CI: -0.38; -0.12)
P < 0.001
β = -0.2.27 (95%CI: -3.48; -1.86)
P < 0.001
69.5%

Results show the estimated value of parameter, P-value for the t-test and adjusted determinant coefficient. Additional, 95%CI of parameter’s estimate when
P < 0.05. adj.R2: Adjusted determinant coefficient.

and ADAMTS13 reported herein might contribute to
the complex haemostatic abnormalities observed in
IBD.
Data on VWF and ADAMTS13 in IBD are scarce.
[29]
Feys et al
reported no differences in VWF:Ag,
ADAMTS13:Ag, and ADAMTS13act between UC
and CD patients compared to healthy controls; the
ADAMTS13:Ag was lower only in those with a CRP >
10 mg/L. However, that study included only 27 patients
with CD and 17 with UC. Moreover, the ADAMTS13act/
ADAMTS13:Ag ratio exhibited no intergroup differences.
Similarly, we did not find any differences in the
ADAMTS13act/ADAMTS13:Ag coefficient between our
IBD and control groups. Lack of these differences may
[30]
point to the quantitative nature of the defect .
A congenital or acquired deficit in ADAMTS13 has
been reported in numerous diseases accompanied
by TMA (e.g., TTP, ischaemic stroke). For example,
[31]
Klonizakis et al
reported that ADAMTS13 is a
prognostic marker of microthrombotic manifestations
in systemic lupus erythematosus. Other authors
have demonstrated that the levels of ADAMTS13:
Ag and ADAMTS13act in disseminated intravascular
coagulation are associated with disease severity and
[32]
[33]
mortality . Enooku et al
showed in a Japanese
population that the ADAMTS13 concentration was
negatively correlated with the levels of inflammatory
markers, arterial pressure, and pulse pressure.
ADAMTS13 plays a role in inflammatory processes,
[33,34]
oxidative stress, and atherosclerosis
. A reduction
in ADAMTS13act and increases in VWF:Ag may
increase risk for ischaemic stroke, cerebral infarction,
[35,36]
and myocardial infarction
. In patients with
infectious and noninfectious systemic inflammatory
response syndrome, ADAMTS13 levels are negatively
[12]
correlated with platelet count . Such an association
in UC patients is our novel finding.
It is possible that during inflammation, there is an
increase in the number of large VWF multimers and
a decrease in the level and activity of ADAMTS13:Ag,
while the degree of disturbance in the balance of these
markers is related to the severity of inflammation
[16,21]
and the degree of organ failure
. An acquired de
crease in ADAMTS13 level can be caused by several
[33]
mechanisms . These include excessive consumption

a
180

IU/dL

160

140

120

CD non-active

CD active

Controls

Figure 1 Activity of vWF: RCo in the Crohn’s disease group and the
controls. CD: Crohn’s disease.

ADAMTS13act in UC patients.
In the UC group, ADAMTS13: Ag was inversely
correlated with platelet counts (r = - 0.57, P < 0.0001),
fibrinogen (r = -0.62, P < 0.0001), and CRP levels
(r =-0.67, P < 0.0001). Similar associations were
observed for ADAMTS13act in this group (r = -0.55, r
= -0.7, and r = -0.72, all P < 0.0001, respectively).
In the CD group, there were no associations
between ADAMTS13:Ag and inflammatory markers.
However, ADAMTS13act was inversely correlated with
fibrinogen (r = -0.36, P = 0.0286) and CRP (r = -0.45,
P = 0.0048).

DISCUSSION
This is the first report of the effects of novel para
meters associated with the structure and function
of VWF on haemostasis in IBD. On the one hand,
ADAMTS13:Ag was lower in IBD patients than in
controls, particularly in subjects with UC; this resulted
in an increased number of circulating multimers
of VWF and thus an elevated thrombotic risk. The
prothrombotic effects are enhanced by markedly
elevated VWF:Ag. On the other hand, the incidence of
AVWS, which leads to increased risk for bleeding, was
higher in IBD patients. These findings provide insight
into the elevated risk for thromboembolic events and
bleeding observed in UC and less frequently in CD. The
dysregulation of the balance between VWF function
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Figure 2 Occurrence of vWF:Ag > 150%, vWF:RCo/vWF: Ag < 0.7 and vWF: CB/vWF:Ag < 0.7 in patients with ulcerative colitis, Crohn’s disease and in the
control group.
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Figure 3 Correlation between selected haemostatic parameters and disease activity, and its duration. A: Correlation between disease duration and vWF: CB in
patients with UC; B: Correlation between disease activity and vWF: CB in patients with ulcerative colitis (UC); C: Correlation between disease activity and ADAMTS13:
Ag in patients with UC. D: Correlation between disease activity and ADAMTS13act in patients with UC.

phils during inflammation occur in inflammatory dis
[38,39]
eases
. Interleukin 6 also has the ability to degrade
[21]
ADAMTS13 . ADAMTS13 activity may be regulated by
coagulation proteinases; thrombin, plasmin, and factor
[38,39]
Xa activity may lead to inactivation of ADAMTS13
.
[40]
Based on a mouse model, Chauchan et al
sug

of ADAMTS13 due to increased HMWM release from
activated endothelium. ADAMTS13 becomes inactive
[37]
after cleaving its substrate . In addition, inhibition
of ADAMTS13 synthesis by proinflammatory cyto
kines (interleukin 6 or TNF-alpha), or inactivation
of ADAMTS13 by proteases released from neutro
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gested that by cleaving UL-VWF multimers, ADAMTS13
downregulates inflammation, while its deficit leads to
increased leukocyte adhesion in vessels with inflam
matory lesions, as well as increased extravasation
of leukocytes. The diversity of mechanisms affecting
the level and activity of ADAMTS13 confirms the inter
dependence of inflammation and coagulation.
A decrease in ADAMTS13act in association with an
increase in the VWF:Ag/ADAMTS13act coefficient may
[41]
be a risk factor for thrombosis and coagulopathy .
[21]
Claus et al
reported that significant disturbances
in the balance between VWF:Ag and ADAMTS13act
can result in the formation of UL-VWF multimers. The
authors proposed that the VWF:Ag/ADAMTS13act
ratio should be defined as the TMA index. High TMA
index values in patients with inflammation and sepsis
suggest that the index may be employed to diagnose
highly prothrombotic states, and that its diagnostic
value may be higher than that of VWF multimers
[21]
alone . In vitro studies have demonstrated a correla
tion between the presence of UL-VWF multimers and
[42]
VWF:RCo .
Administration of recombinant ADAMTS13 in a
mouse model of acquired TTP prevents development
of symptoms; in contrast, in a mouse model of cerebral
ischaemia it decreases the extent of stroke and
[43,44]
[45]
improves the functional state
. Straat et al
showed that administration of frozen fresh plasma
improved endothelial damage and inflammatory para
meters, which was related to an increase in ADAMTS13
levels. Therefore, ADAMTS13 may be a new, alternate
therapeutic agent for diseases involving disturbances of
the balance between VWF and ADAMTS13.
We showed that the VWF:Ag/ADAMTS13act ratio
was higher in patients with UC and CD compared to
controls. These results confirm that hypercoagulability
occurs in IBD, to which VWF is an important contributor.
Notably, in approximately 50% of IBD patients, the
VWF:Ag value was greater than 150%, compared to
8% in the controls. The inflammatory nature of IBD is
associated with increased levels of VWF:Ag, which our
findings support.
In contrast, the VWF:CB level in the present study
was lower in the UC group than the control and CD
groups. This suggests reduced collagen binding by
VWF, leading to impaired platelet adhesion to damaged
endothelium, as collagen itself has limited platelet[13]
binding ability . Clinically, this may manifest as gas
trointestinal bleeding, which is more common in UC
patients.
The VWF:CB/VWF:Ag ratio was lower in the UC
and CD groups than the control group, and the OR of
a VWF:CB/VWF:Ag ratio lower than 0.7 was 12- and
13-fold higher in the UC and CD groups, respectively.
The VWF:RCo/VWF:Ag ratio did not differ among the
CD, UC, and control groups; however, the IBD group
included patients with a VWF:RCo/VWF:Ag coefficient
below 0.7, while the control group did not.
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VWF:RCo/VWF:Ag and VWF:CB/VWF:Ag coefficients
of less than 0.7 are seen in patients with type 2A VWD,
[45]
indicating substantial depletion of HMWM . Riddell
[18]
et al
reported that VWF:CB assessment is a more
sensitive method for diagnostic management of type
2A VWD. Thus, the findings of our study suggest
that the risk for AVWS in IBD patients is almost
20-fold higher than that in healthy individuals. This
is of practical importance, for example, in patients
undergoing antithrombotic prophylaxis during periods
of IBD exacerbation, as it enables the identification of
patients at increased risk for gastrointestinal bleeding.
This study had several limitations. First, the
groups contained relatively few patients. Second, the
presence of large VWF multimers in plasma was not
analysed. Associations do not necessarily indicate
a causal relationship; therefore, in vitro and animal
model studies are necessary to elucidate the molecular
mechanisms underlying our findings. Finally, this was
a case-control study and patients were not followed in
terms of thromboembolic events or the duration and
severity of bleeding.
To our knowledge, the present study is the first
to demonstrate a decrease in ADAMTS13act levels in
CD patients, and in ADAMTS13:Ag and ADAMTS13act
in UC patients, in whom these parameters were
negatively correlated with disease activity and the levels
of inflammatory markers. ADAMTS13:Ag represents
a link between blood coagulation and inflammation
in IBD. ADAMTS13:Ag deficit in IBD is quantitative
by nature, possibly due to increased proteolysis of
large VWF multimers. The elevated TMA index in IBD
patients indicates increased risk for thromboembolic
complications. In this group, the use of anticoagulation
prophylaxis might be considered during disease flares
not only in patients being hospitalised.
We also report for the first time the presence of
abnormalities typical of type 2A AVWS in IBD patients.
Determination of the VWF:Ag concentration and VWF
activity may facilitate the identification of IBD patients
at risk for bleeding complications and the management
of patients with exacerbated disease, particularly
when anticoagulation prophylaxis is recommended.
In this group, a specific for AVWS treatment might be
implemented during invasive procedures, especially
surgery. Further studies involving larger patient
populations and long-term follow-up are needed to
validate our finding of a role for VWF in IBD.
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Inflammation and blood coagulation are closely related. A tightly regulated
balance between Von Willebrand factor (VWF) and ADAMTS13 is important for
haemostasis, and its dysregulation might predispose to either thrombotic events
or bleeding. Impaired cleavage of large VWF multimers due to inadequate
ADAMTS13 levels and/or impaired ADAMTS13 activity leads to thrombotic
microangiopathies. In severe inflammatory states, in which the VWF level is
markedly elevated, a normal or slightly decreased ADAMTS13 level may be
insufficient to control ultra-large VWF multimers.
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Research frontiers

Inflammatory bowel disease (IBD) patients are at threefold higher risk for
thromboembolic complications than the general population. This risk is
especially high during hospitalizations, surgery or active disease and results
from various hereditary and acquired factors.

7

8

Innovations and breakthroughs

This study demonstrated a decrease in ADAMTS13 activity levels in Crohn’s disease
patients and in ADAMTS13 antigen and ADAMTS13 activity in ulcerative colitis
patients, in whom these parameters were negatively correlated with disease
activity and inflammatory markers. On the other hand, the study showed for
the first time the presence of abnormalities typical of type A2 acquired von
Willebrand syndrome in IBD patients.

9

Applications

10

If further studies confirm the clinical relevance of these results, they may
facilitate the individualization of antithrombotic therapy in patients with IBD.
The elevated VWF antigen/ADAMTS13 activity ratio indicates an increased
risk for thromboembolic complications. In this group, the use of anticoagulation
prophylaxis might be considered not only in patients undergoing surgery
or hospitalizations due to disease flare-ups but also in outpatients with
disease exacerbation. On the other hand, determination of the VWF antigen
concentration and VWF activity may facilitate the identification of IBD patients
at higher risk for bleeding complications and the management of patients
with exacerbated disease, particularly when anticoagulation prophylaxis is
recommended. In this group, a specific for acquired von Willebrand syndrome
treatment might be implemented during invasive procedures, especially surgery.
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Terminology

VWF is an acute-phase protein and a marker of endothelial damage. Its function
is crucial for platelet adhesion and aggregation. ADAMTS13 is a glycoprotein
that cleaves large VWF multimers to smaller, less-active multimers. Type 2A
acquired von Willebrand syndrome is characterised by an acquired qualitative
VWF deficit associated with high-molecular-weight multimers depletion, which
increases the risk of mucocutaneous bleeding.
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Peer-review

The manuscript Levels and activities of von Willebrand factor and metallo
proteinase with thrombospondin type-1 motif, number 13 in IBD is an interesting
original research with clear objectives.
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Abstract
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AIM
To assess “predictors” of esophageal varices (EV) and
variceal bleeding using non-invasive markers in Albanian
patients diagnosed with liver cirrhosis.
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METHODS
One hundred thirty-nine newly diagnosed cirrhotic
patients without variceal bleeding were included
in this analysis. Model for end-stage liver disease
(MELD), aspartate aminotransferase (AST) to alanine
aminotransferase (ALT) ratio (AST/ALT), AST to platelet
ratio index (APRI), platelet count to spleen diameter
(PC/SD), ﬁbrosis-4-index (FIB-4), fibrosis index (FI)
and King’s Score were measured for all participants.
All patients underwent endoscopic assessment within
two days of hospitalization. The major end point was
the first esophageal variceal bleeding (EVB) event. The
diagnostic performance of “predictors” for the presence
of EV and EVB were assessed by sensitivity and
specificity values obtained from the receiver operating
characteristics procedure.
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RESULTS
FIB-4 was the only strong and significant “predictor” of
esophageal varices (multivariable-adjusted OR = 1.57
for one unit increment; 95%CI: 1.15-2.14). Further
more, a cut-off value of 3.23 for FIB-4 was a significant
predictor of esophageal varices, with a sensitivity of
72%, a specificity of 58% and a proportion of area
under the curve (AUC) of 66% (P = 0.01). During the
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upper gastrointestinal endoscopy remains the golden
diagnostic methods for EV and the recent Baveno
VI Meeting Consensus recommends the endoscopy
screening for all cirrhotic patients at the time of their
diagnosis and periodical endoscopy examination
[4]
in patients with EV . However, routine endoscopy
screening may not be cost-effective, as less than 50%
[5]
of all patients with cirrhosis have EV . Furthermore,
there is a low prevalence of varices which requires
[5]
primary prophylaxis . Also, the upper endoscopy is
an invasive and uncomfortable procedure which may
not be acceptable for the patients. Hence, predicting
the presence of EV through non-endoscopic and noninvasive markers is important in order to identify the
patients who benefit from routine endoscopy screening
and may reduce considerably the number of avoidable
[6]
endoscopies .
Recently, various non-invasive markers, such as
model for end-stage liver disease (MELD), aspartate
aminotransferase (AST) to alanine aminotransferase
(ALT) ratio (AST/ALT), AST to platelet ratio index (APRI),
platelet count to spleen diameter (PC/SD), ﬁbrosis4-index (FIB-4), fibrosis index (FI) and King’s score,
have been demonstrated as a simple, non-invasive
and easier practical alternative to predict the presence
[7-14]
of EV in cirrhotic patients
. However, the findings
of these previous studies are controversial and their
utility in clinical practice is uncertain. The conclusions
of these studies vary in different populations and in
[13-16]
different etiologies of liver cirrhosis
. In this context,
our prospective study aimed to assess the non-invasive
markers, composed on routine laboratory parameters
that could predict the presence of EV in liver cirrhosis
patients in Albania, an endemic area of hepatitis B virus
infection in Southeastern Europe and a Mediterranean
country with a high consumption of domestic alcoholic
[17,18]
beverages
.
Despite the large number of studies, to date, no
single or combination of non-invasive markers has
been widely evaluated for predicting the first variceal
[19,20]
bleeding in patients with cirrhosis
. Therefore,
the second objective of our study was to identify the
cirrhotic patients with a high risk for variceal bleeding
using non-invasive markers.

follow-up (median: 31.5 mo; interquartile range: 11-59
mo), 34 patients (24%) experienced a first EVB. FIB-4
was a poor predictor of EVB (the AUC was only 51%)
for a cut-off value of 5.02. Furthermore, the AUC of
AST/ALT, APRI, PC/SD, FI, MELD and King's Score
ranged from 45% to 55%. None of the non-invasive
markers turned out to be a useful predictor of EVB.
CONCLUSION
Despite the low diagnostic accuracy, FIB-4 appears the
most efficient non-invasive liver fibrosis marker which
can be used as an initial screening tool for cirrhotic
patients.
Key words: Albania; Esophageal varices; Liver cirrhosis;
Non-invasive biomarkers; Variceal bleeding
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Non-invasive markers of liver fibrosis con
stitute a simple and practical alternative to predict the
presence of esophageal varices in cirrhotic patients.
However, no single or a combination of non-invasive
markers has been widely evaluated for predicting the
variceal bleeding, to date. Our findings from a study
conducted in Albania indicate that, despite the low
diagnostic accuracy, ﬁbrosis-4-index appears the most
efficient non-invasive marker which can be used as an
initial screening tool for cirrhotic patients in the areas
with lacking endoscopy facilities. Yet, none of the noninvasive markers was a useful predictor of esophageal
variceal bleeding in Albanian cirrhotic patients.
Kraja B, Mone I, Akshija I, Koçollari A, Prifti S, Burazeri G.
Predictors of esophageal varices and first variceal bleeding
in liver cirrhosis patients. World J Gastroenterol 2017;
23(26): 4806-4814 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i26/4806.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i26.4806

INTRODUCTION
th

Liver cirrhosis is the 13 leading cause of death
[1]
globally, with increasing mortality rate worldwide .
Portal hypertension is a frequent consequence in the
progression of liver cirrhosis and plays a crucial role
[2,3]
in the clinical manifestations of disease . One of the
most serious complications of portal hypertension is
the development of esophageal varices (EV) caused
by increased hepatic vascular resistance related
[3]
to hepatic fibrosis and regenerative nodules . In
addition, the variceal bleeding due to the rupture of
varices is still the most common lethal complication
[4]
of cirrhosis . Therefore, assessing the presence of
esophageal varices in cirrhotic patients is clinically
important in prevention of their bleeding. To date, the
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MATERIALS AND METHODS
Study design

This was a prospective study conducted at the
University Hospital Center “Mother Teresa” in Tirana,
which constitutes the only academic and tertiary
hospital center in Albania. Our study included all
consecutive patients newly diagnosed (first time
hospitalized) with liver cirrhosis hospitalized at
the University Clinic of Gastro-Hepatology during
2005-2007 who were followed-up for five years (or,
until an adverse event occurred during the follow-up
period). The study was approved by the Department of
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Internal Medicine of the University of Medicine, Tirana,
Albania; all participants gave written informed consent
after being explained in detail the aim and procedures
of the study.

hepatic encephalopathy were collected. Laboratory
data included hemoglobin, platelet count, AST and ALT
level, serum albumin, total serum bilirubin, gamma
glutamyltranspeptidase (GGT), gamma globulin, pro
thrombin time with international normalized ratio (INR)
and serum creatinine. In addition, all patients were
classified according the Child-Turcotte-Pugh (CTP) class.
Also, the following non-invasive markers were
calculated for each patient: AST/ALT, APRI, PC/SD,
[9,12]
FIB-4, FI and King’s score
. MELD score was
determined by using the UNOS Internet site MELD
calculator (http://www.unos.org/). At endoscopy, the
presence and size of varices were classified as large,
medium or small according to the proposed guidelines
by a single experienced endoscopist who was unaware
[5]
(blinded) of the values of non-invasive markers .
Presence of red signs was also recorded in all patients.

Study population and patients’ follow-up

One hundred and thirty-nine newly diagnosed cirrhotic
patients (Child-Turcotte-Pugh of at least 5-13) aged
18-70 years without variceal bleeding were enrolled
in the study. Liver cirrhosis was diagnosed based on
clinical data, laboratory test, liver imaging and/or
histological criteria.
The exclusion criteria were as follows: (1) previous
upper gastrointestinal hemorrhage; (2) using beta
blockers or nitrates therapy; (3) current or past history
of treatment for chronic B or C hepatitis (because these
conditions may alter the hematological and biochemical
parameters); (4) previous portosystemic shunt; (5)
presence of gastric varices at endoscopy; (6) history
of gastrointestinal surgery and/or gastrointestinal
malignancies including hepatocellular carcinoma (HCC);
(7) thrombosis of portal or splenic vein; (8) current or
previous history of lympho-proliferative diseases; and
(9) severe diseases of other organs or infections that
could affect liver or spleen size.
After enrollment, all patients were treated according
[21]
to the recent recommendations . Patients with
high risk EV (large, medium or small varices with red
signs or in Child-Pugh class C) were administered
non-selective beta blockers (propranolol), if not con
[4]
traindicated . Treatment compliance of the patients
was monitored by measuring the resting pulse rate
and interviewing them periodically if any side effects
occurred. During the follow-up period, none of the
patients were prescribed antiplatelet or anticoagulant
agents. All patients were followed up for five years
(or, until an adverse event occurred during the followup period). Adverse events were considered one
of the following complications: the occurrence of
severe ascites or hepatic encephalopathy requiring
hospitalization (n = 5), a diagnosis of HCC (n = 9),
upper gastrointestinal hemorrhage from variceal
bleeding confirmed by endoscopy (n = 34), as well
as deaths (n = 2). Ten patients were lost during the
follow-up period. The outcome of interest was the
occurrence of upper gastrointestinal hemorrhage
from variceal bleeding confirmed by endoscopy and
requiring hospitalization. We aimed to assess whether
the non-invasive markers could predict the risk of first
variceal bleeding.

Statistical analyses

Fisher’s exact test was used to compare the distribution
of sex, etiology of cirrhosis, type of disease and CTP
between patients with and without esophageal varices
and, subsequently, between patients with and without
esophageal variceal bleeding.
Conversely, Mann-Whitney U-test was employed to
compare mean values of age, biochemical parameters
(hemoglobin, creatinine, AST, ALT, GGT, gammaglobulin, INR and albumin) and “predictors” of esoph
ageal varices and esophageal variceal bleeding (FIB-4,
fibrosis index, APRI, PL/SD, AST/ALT, King’s score and
MELD).
Binary logistic regression was used to assess the
association between non-invasive markers and esoph
ageal varices. Initially, crude (unadjusted) models
were run. Crude ORs, their respective 95%CI and
P-values were calculated. Subsequently, multivariableadjusted logistic regression were run, with demographic
characteristics (age and sex), etiology of cirrhosis, type
of disease, CTP, biochemical parameters (hemoglobin,
creatinine, AST, ALT, GGT, gamma-globulin, INR and
albumin) and “predictors” of esophageal varices
(FIB-4, fibrosis index, APRI, PL/SD, AST/ALT, King’s
score and MELD) introduced all in a backward stepwise
elimination procedure with a P-value to exit set at >
0.10. Multivariable-adjusted ORs and their respective
95%CIs were calculated.
The diagnostic performance of “predictors” (FIB-4,
fibrosis index, APRI, PL/SD, AST/ALT, King’s score and
MELD) for the absence or presence of esophageal varices
and/or esophageal variceal bleeding was assessed by
sensitivity and specificity values and area under the
curve (AUC) obtained from the receiver operating chara
cteristics procedure (ROC curve).
In all cases, a P-value ≤ 0.05 was considered
as statistically significant. All the statistical analyses
were conducted in SPSS (Statistical Package for Social
Sciences), version 19.0. The statistical review of the
study was performed by a biomedical statistician (GB,

Laboratory and endoscopic evaluation

All patients underwent detailed clinical and laboratory
evaluation, ultrasonography and endoscopic assess
ment within two days of hospitalization. For each
patient, data on age, sex, medical history, and use
of medication, etiology of cirrhosis, and presence
or absence of ascites, pedal edema, jaundice and
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Table 1 Distribution of baseline characteristics by esophageal variceal status
Variable
Upper panel: Categorical variables2
Sex
Men
Women
Etiology of cirrhosis
Alcoholic
HBV
HCV
Alcoholic + viral
Other
EV
None
SEV
MEV
LEV
Red signs
Without varices
Yes
No
CTP
A (5-6)
B (7-9)
C (10-15)
Lower panel: Numerical variables3
Age (yr)
Hemoglobin (mg/dL)
Creatinine (mg/dL)
AST (UI/L)
ALT (UI/L)
GGT (UI/L)
Gama globulin (g/L)
INR
Albumin
FIB-4
Fibrosis index
King score
APRI
PL/SD
AST/ALT
MELD

Total (n = 139)

Without EV (n = 26)

With EV (n = 113)

109 (78.4)1
30 (21.6)

18 (69.2)
8 (30.8)

91 (80.5)
22 (19.5)

67 (48.2)
32 (23.0)
8 (5.8)
11 (7.9)
21 (15.1)

10 (38.5)
5 (19.2)
1 (3.8)
10 (38.5)

57 (50.4)
27 (23.9)
8 (7.1)
10 (8.8)
11 (9.7)

26 (18.7)
44 (31.7)
39 (28.1)
30 (21.6)

26 (100.0)
-

44 (38.9)
39 (34.5)
30 (26.5)

26 (18.7)
19 (13.7)
94 (67.6)

22 (21.0)
10 (9.5)
73 (69.5)

4 (11.8)
9 (26.5)
21 (61.8)

43 (30.9)
63 (45.3)
33 (23.7)

13 (50.0)
10 (38.5)
3 (11.5)

30 (26.5)
53 (46.9)
30 (26.5)

51.5 ± 13.1
11.8 ± 2.3
0.89 ± 0.34
107.6 ± 156.1
73.1 ± 161.9
264.9 ± 302.7
27.1 ± 10.3
1.65 ± 0.47
3.19 ± 0.65
5.83 ± 5.33
3.15 ± 1.30
82.9 ± 135.2
2.63 ± 3.79
1146 ± 780
2.18 ± 1.62
15.7 ± 5.2

47.6 ± 15.4
11.6 ± 2.4
0.89 ± 0.44
153.5 ± 331.6
125.5 ± 336.7
282.0 ± 389.7
26.9 ± 15.3
1.38 ± 0.34
3.27 ± 0.71
3.98 ± 3.06
2.83 ± 1.08
66.5 ± 137.4
2.52 ± 4.74
1395 ± 784
1.93 ± 1.47
13.6 ± 4.8

52.3 ± 12.4
11.8 ± 2.3
0.89 ± 0.31
97.0 ± 69.9
61.0 ± 78.9
261.0 ± 280.9
27.2 ± 8.8
1.71 ± 0.47
3.17 ± 0.64
6.26 ± 5.64
3.22 ± 1.33
86.7 ± 135.1
2.66 ± 3.57
1089 ± 771
2.23 ± 1.66
16.1 ± 5.2

P value

0.289
0.005

-

0.034

0.047

0.106
0.916
0.141
0.412
0.742
0.709
0.310
< 0.001
0.058
0.011
0.012
0.002
0.014
0.028
0.339
0.027

1

Absolute numbers and column percentages (in parentheses); 2P values from Fisher’s exact test; 3P values from Mann-Whitney’s U-test. AST/ALT: Aspartate
aminotransferase (AST) to alanine aminotransferase (ALT) ratio; APRI: AST to platelet ratio index; CTP: Child-Turcotte-Pugh score; EV: Esophageal varices;
FIB-4: Fibrosis-4-index; GGT: Gamma glutamyltranspeptidase; HBV: Hepatitis B virus; HCV: Hepatitis C virus; INR: International normalized ratio; LEV:
Large esophageal varices; MEV: Medium esophageal varices; MELD: Model for end-stage liver disease; PC/SD: Platelet count to spleen diameter; SEV:
Small esophageal varices.

CTP was significantly more prevalent among patients
without varices than those with esophageal varices
(50% vs 27%, respectively).
Mean age was not significantly different between
patients with and without esophageal varices (Table 1 lower panel). Likewise, there were no group differences
regarding mean levels of hemoglobin, creatinine, AST
and ALT, GGT and gamma globulin. Conversely, mean
value of INR was significantly higher among patients
with varices than in those without varices (1.7 vs 1.4,
respectively; P < 0.001). Similarly, mean levels of
most of the non-invasive markers were significantly
higher in patients with varices than in those without
variances (FIB-4: 6.3 vs 4.0, respectively; fibrosis
index: 3.2 vs 2.8, respectively; King’s score: 87 vs

the senior author of this article).

RESULTS
Table 1 presents the distribution of baseline chara
cteristics in patients with (n = 113) and without
(n = 26) esophageal varices. Among patients with
esophageal varices, 19 (17%) presented red signs
compared with 94 (83%) patients without red signs.
There was no sex-difference in the prevalence of
esophageal varices between the two groups (upper
panel). An alcoholic and/or viral etiology of cirrhosis
was significantly more prevalent among patients with
esophageal varices compared with their counterparts
without esophageal varices. Conversely, grade A of
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Table 2 Association of non-invasive markers with presence of esophageal varices in liver cirrhosis
Non-invasive markers

Left panel: Unadjusted models
1

FIB-4
Fibrosis index
King score
APRI
PL/SD
AST/ALT
MELD

Right panel: Multivariable-adjusted models

2

OR (95%CI)

P 1 vaule

OR (95%CI)

P vaule

1.18 (1.01-1.38)
1.25 (0.90-1.74)
1.00 (0.99-1.01)
1.01 (0.90-1.14)
1.00 (0.99-1.00)
1.15 (0.84-1.57)
1.11 (1.01-1.22)

0.032
0.177
0.501
0.866
0.078
0.395
0.026

1.57 (1.15-2.14)

0.005

Odds ratios (OR: Esophageal varices vs no esophageal varices), 95%CI and P values from binary logistic regression. 2Models adjusted for age, sex, etiology
of liver cirrhosis, CTP, VPT, hemoglobin, creatinine, AST, ALT, GGT, gama globulin, INR, albumin, FIB 4, fibrosis index, king score, APRI, PL/SD, AST/
ALT and MELD. All variables were entered in a backward stepwise elimination procedure with a p-value to exit set at > 0.10. Empty cells refer to the
variables excluded from the multivariable-adjusted logistic regression models. AST/ALT: Aspartate aminotransferase (AST) to alanine aminotransferase
(ALT) ratio; APRI: AST to platelet ratio index; FIB-4: Fibrosis-4-index; MELD: Model for end-stage liver disease; PC/SD: Platelet count to spleen diameter.
1

Table 3 Performance of fibrosis-4-index for prediction of esophageal varices (n = 139; esophageal varices: n = 113)
Cut-off
3.23

1

Sensitivity

Specificity

PPV

NPV

AUC (95%CI)

72%

58%

88%

32%

0.66 (0.54-0.78)

P value
0.011

1

AUC (area under the curve) obtained from the receiver operating characteristic. FIB-4: Fibrosis-4-index; NPV: Negative predictive value; PPV: Positive
predictive value.

67, respectively; APRI: 2.7 vs 2.5, respectively; and
MELD index: 16.1 vs 13.6, respectively). On the other
hand, mean level of PL/SD was lower in patient with
varices than in those without varices (1089 vs 1395,
respectively; P = 0.03) (Table 1 - lower panel).
In crude (unadjusted) binary logistic regression
models (Table 2 - left panel), there was a significant
association between esophageal varices and FIB 4 (OR
= 1.18 for one unit increment; 95%CI: 1.01-1.38),
and MELD score (OR = 1.11 for one unit increment;
95%CI: 1.01-1.22). On the other hand, there was no
evidence of any significant association of esophageal
varices with the other non-invasive markers (fibrosis
index, King’s score, APRI, PL/SD and AST/ALT). Upon
adjustment for demographic characteristics, clinical
parameters and all the biomarkers in a backward step
wise elimination procedure (right panel), FIB 4 was the
only strong and significant “predictor” of esophageal
varices (OR = 1.57 for one unit increment; 95%CI:
1.15-2.14). Furthermore, a cut-off value of 3.23 for
FIB 4 was a significant predictor of esophageal varices
(Table 3), with a sensitivity of 72%, a specificity of
58% and a proportion of area under the curve of 66%
(P = 0.01).
During follow-up (median: 31.5 mo; interquartile
range: 11-59 mo), 34 patients (24%) experienced
first esophageal variceal bleeding. Of these, 4 (11.8%)
patients were without EV upon enrollment, but ex
perienced EV in the course of the follow-up. There
was no evidence of any significant differences in the
distribution of baseline characteristics in patients with
(n = 34) and those without (n = 105) hemorrhagic
events (Table 4).
The performance of the non-invasive markers for
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prediction of esophageal variceal bleeding is presented
in Table 5, as an additional objective of our analysis
was to identify the cirrhotic patients with high risk
for variceal bleeding employing these non-invasive
markers. Yet, none of the non-invasive markers turned
out to be a useful predictor of esophageal variceal
bleeding in this sample of Albanian patients. The
area under the curve was pretty close to 50% for all
of the non-invasive markers. For PL/SD there was
evidence of a poorer prediction than even by chance
(the area under the curve was 45%). FIB-4, which
was shown a powerful predictor of esophageal varices,
was nevertheless a very poor predictor of esophageal
variceal bleeding (the area under the curve was only
51%) for a cut-off value of 5.02. The analysis was
also restricted to individuals with variceal prophylactic
therapy (VPT) (n = 83); similarly though, none of the
non-invasive markers appeared to be a useful predictor
of esophageal variceal bleeding (Table 6).

DISCUSSION
Nowadays, clinicians are interested to identify some
“ideal” non-invasive biochemical markers which
may be cheaper and easy to obtain, but with a high
sensitivity and specificity for reducing the number
of upper endoscopy needed for screening and mana
gement of EV in patients with liver cirrhosis. Such
non-invasive tools are especially needed in developing
countries with shortage of endoscopy, limited resources
and a strong appeal for rationalization of funding.
Therefore, we tried to explore whether any of the noninvasive markers (including AST/ALT, APRI, PC/SD,
FIB-4, FI and King’s Score) could predict the presence
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Table 4 Baseline characteristics of patients with esophageal variceal bleeding during follow-up n (%)
Categorical variables
Upper panel: Categorical variables2
Sex
Men
Women
Etiology of cirrhosis:
Alcoholic
HBV
HCV
Alcoholic + viral
Other
EV
None
SEV
MEV
LEV
Red signs
Without varices
Yes
No
CTP
A (5-6)
B (7-9)
C (10-15)
Lower panel: Numerical variables3
Age (yr)
Hemoglobin (mg/dL)
PL (n/mm3)
Creatinine (mg/dL)
AST (UI/L)
ALT (UI/L)
GGT (UI/L)
Gama globulin (g/L)
INR
Albumin
FIB-4
Fibrosis index
King score
APRI
PL/SD
AST/ALT
MELD

Total (n =139)

No EVB (n = 105)

EVB (n = 34)

P value

109 (78.4)1
30 (21.6)

80 (76.2)
25 (23.8)

29 (85.3)
5 (14.7)

0.341

67 (48.2)
32 (23.0)
8 (5.8)
11 (7.9)
21 (15.1)

49 (46.7)
23 (21.9)
6 (5.7)
9 (8.6)
18 (17.1)

18 (52.9)
9 (26.5)
2 (5.9)
2 (5.9)
3 (8.8)

26 (18.7)
44 (31.7)
39 (28.1)
30 (21.6)

22 (21.0)
36 (34.3)
25 (23.8)
22 (21.0)

4 (11.8)
8 (23.5)
14 (41.2)
8 (23.5)

26 (18.7)
19 (13.7)
94 (67.6)

22 (21.0)
10 (9.5)
73 (69.5)

4 (11.8)
9 (26.5)
21 (61.8)

43 (30.9)
63 (45.3)
33 (23.7)

33 (31.4)
47 (44.8)
25 (23.8)

10 (29.4)
16 (47.1)
8 (23.5)

51.5 ± 13.1
11.8 ± 2.3
165539 ± 101181
0.89 ± 0.34
107.6 ± 156.1
73.1 ± 161.9
264.9 ± 302.7
27.1 ± 10.3
1.65 ± 0.47
3.19 ± 0.65
5.83 ± 5.33
3.15 ± 1.30
82.9 ± 135.2
2.63 ± 3.79
1146 ± 780
2.18 ± 1.62
15.7 ± 5.2

52.1 ± 13.5
12.0 ± 2.2
168742 ± 107419
0.88 ± 0.34
112.2 ± 175.7
80.3 ± 189.9
267.1 ± 311.4
26.6 ± 9.0
1.65 ± 0.48
3.17 ± 0.72
5.93 ± 5.80
3.13 ± 1.41
89.6 ± 152.2
2.80 ± 4.25
1189 ± 826
2.17 ± 1.64
15.5 ± 5.3

49.7 ± 11.6
10.9 ± 2.5
155647 ± 79459
0.92 ± 0.32
93.4 ± 65.8
50.6 ± 34.5
258.2 ± 278.1
28.6 ± 13.6
1.65 ± 0.43
3.25 ± 0.38
5.50 ± 3.56
3.22 ± 0.84
62.1 ± 53.7
2.13 ± 1.70
1014 ± 605
2.23 ± 1.57
16.2 ± 4.8

0.762

0.176

0.034

0.968

0.402
0.017
0.801
0.336
0.852
0.930
0.737
0.555
0.862
0.608
0.881
0.901
0.978
0.550
0.398
0.628
0.435

Absolute numbers and column percentages (in parentheses); 2P values from Fisher’s exact test; 3P values from Mann-Whitney’s U-test. AST/ALT: Aspartate
aminotransferase (AST) to alanine aminotransferase (ALT) ratio; APRI: AST to platelet ratio index; CTP: Child-Turcotte-Pugh score; EV: Esophageal varices;
FIB-4: Fibrosis-4-index; GGT: Gamma glutamyltranspeptidase; HBV: Hepatitis B virus; HCV: Hepatitis C virus; INR: International normalized ratio; LEV:
Large esophageal varices; MEV: Medium esophageal varices; MELD: Model for end-stage liver disease; PC/SD: Platelet count to spleen diameter; SEV:
Small esophageal varices.
1

of EV in cirrhotic patients in Albanian, a transitional
Mediterranean country. We found that among all
clinical and biochemical features assessed in univariate
analyses, FIB-4 and MELD score significantly correlated
with the presence of EV. However, in multivariableadjusted logistic regression models, only FIB-4 re
mained a significant independent predictor of EV. It
is interesting that only FIB-4, a fibrosis marker based
on parameters linked to liver dysfunction or advanced
diseases (AST and ALT), linked to portal hypertension
(platelet count) and age could predict the EV despite
the non-invasive markers that we included in our
analysis. One plausible explanation for the lack of
prediction of the other markers may consist of the age
of the patients included in our study. Considering that

WJG|www.wjgnet.com

liver fibrosis is a dynamic process and there is a close
relationship between liver fibrosis, portal hypertension
and development of EV, older patients are more likely
to have EV. Indeed, mean age of our patients was
relatively high and most of the patients were admitted
in an advanced liver failure stage. Furthermore,
previous studies investigating FIB-4 as a predictor of
EV in liver cirrhosis patients showed similar results.
In another prospective studies, for a cut-off value
of 3.98 and 2.8, the AUC for predicting the EV was
[22,23]
62% and 78%, respectively
, whereas Sebastiani
[10]
et al
showed an AUC of 64% for the prediction of
EV at a cut-off value of 3.5 in a retrospective study.
However, their sensitivities and specificities were
relatively low, ranging from 66% to 76% and from
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Table 5 Performance of non-invasive markers for prediction of esophageal variceal bleeding (n = 34)
Non-invasive markers
FIB-4
Fibrosis index
King score
APRI
PL/SD
AST/ALT
MELD

1

Cut-off value

Sensitivity

Specificity

AUC (95%CI)

5.02
3.12
37.16
1.66
828
1.71
15.5

53%
53%
65%
59%
53%
59%
56%

54%
45%
44%
54%
39%
54%
52%

0.51 (0.40-0.62)
0.52 (0.40-0.61)
0.50 (0.40-0.60)
0.53 (0.43-0.64)
0.45 (0.34-0.56)
0.53 (0.42-0.64)
0.55 (0.44-0.65)

P value
0.881
0.901
0.978
0.550
0.398
0.628
0.436

AUC (area under the curve) obtained from the receiver operating characteristic. AST/ALT: Aspartate aminotransferase (AST) to alanine aminotransferase
(ALT) ratio; APRI: AST to platelet ratio index; FIB-4: Fibrosis-4-index; MELD: Model for end-stage liver disease; PC/SD: Platelet count to spleen diameter.
1

Table 6 Performance of non-invasive markers for prediction of esophageal variceal bleeding among patients with variceal
prophylactic therapy (n = 83; esophageal variceal bleeding: n = 23)
Non-invasive markers

1

Cut-off value

Sensitivity

Specificity

AUC (95%CI)

5.02
3.43
46.15
1.65
736
1.79
16.5

57%
57%
57%
57%
52%
57%
57%

42%
40%
28%
58%
43%
58%
58%

0.42 (0.28-0.56)
0.41 (0.28-0.55)
0.39 (0.26-0.52)
0.45 (0.32-0.57)
0.49 (0.34-0.63)
0.53 (0.42-0.64)
0.49 (0.35-0.63)

FIB-4
Fibrosis index
King score
APRI
PL/SD
AST/ALT
MELD

P value
0.257
0.215
0.112
0.439
0.843
0.628
0.879

AUC (area under the curve) obtained from the receiver operating characteristic. AST/ALT: Aspartate aminotransferase (AST) to alanine aminotransferase
(ALT) ratio; APRI: AST to platelet ratio index; FIB-4: Fibrosis-4-index; MELD: Model for end-stage liver disease; PC/SD: Platelet count to spleen diameter;
VPT: Variceal prophylactic therapy.
1

54% to 80%, respectively. Similarly, a recent metaanalysis demonstrated that AUC of FIB-4 for prediction
[24]
the presence of EV was 77% . In our study, a cut-off
value of 3.23 of FIB-4 was proposed for diagnosis of
esophageal varices. At this cut-off, the sensitivity was
72%, specificity was 58%, PPV was 88%, NPV was
32% and the AUC was 66%.
Esophageal variceal bleeding is the most important
complication of liver cirrhosis and the major cause of
death in cirrhotic patients. Therefore, prevention of
esophageal variceal bleeding by using prophylactic
treatment is an important goal to be achieved in
cirrhotic patients with high risk esophageal varices.
In our study, the prophylactic treatment with nonselective beta blockers was introduced in almost 60%
of cirrhotic patients based on endoscopic criteria and
liver dysfunction. Nonetheless, during the five years of
follow-up, 11 patients (20%) among 56 cases without
VPT and 23 patients (28%) among 83 cases who
underwent VPT experienced upper gastrointestinal
hemorrhage from variceal bleeding confirmed by
endoscopy. Thus, these patients may require other
prophylactic treatments such as band ligations of
esophageal varices. Furthermore, identifying the noninvasive markers to predict EVB during the follow-up
may be an important tool for a better management
of cirrhotic patients. From this point of view, we
conducted the present study under the assumption
that progression of EV and ultimately EVB is caused
directly by portal hypertension which correlates with
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liver fibrosis and may be assessed by non-invasive
markers. Our study demonstrated insufficient accuracy
of AST/ALT, APRI, PC/SD, FIB-4, FI and King’s score for
the prediction of EVB which ranged from 0.45 to 0.55.
These findings suggest that none of the non-invasive
markers is a useful predictor of esophageal variceal
bleeding in this sample of Albanian patients.
To our knowledge, this is the first study exploring
the role of non-invasive biomarkers as predictors
of EVB in a longitudinal study. These non-invasive
biomarkers are based on regular laboratory data,
require no extra cost, specialized devices or additional
biochemical tests and differ from other noninvasive
[25]
markers which may not be easily accessible .
This fact may be very important in developing and
transitional countries with rather limited resources.
However, only FIB-4 turned out to be a useful predictor
in this sample of Albanian patients and, therefore,
the usefulness and applicability of these noninvasive
markers should be considered cautiously. Furthermore,
our data were collected at a single center in which the
standard of care did not change substantially during
the period under study. Also, the study participants
were representative of the population of cirrhotic
patients with different etiologies of liver cirrhosis
avoiding selection bias pertinent to different etiologies
or subgroups. In addition, the relatively large number
of participants and the reasonable follow-up period
constitute other strength of this study.
Multivariate modeling is frequently used to predict
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invasive markers was a useful predictor of esophageal variceal bleeding in
Albanian cirrhotic patients.

the risk or prognosis of diseases and treatment’s
response. In our study, the multivariate model allowed
us to assess important variables most of which,
nevertheless, did not predict the presence of EV and
the risk of first variceal bleeding in cirrhotic patients.
However, multi-center prospective studies are needed to
confirm our findings and ensure that they are applicable
to diverse populations with different etiologies of liver
cirrhosis. In addition, we cannot exclude the possibility
that other predictors could induce hematological
changes such as antiviral treatment or continued
consumption of alcohol during the follow-up period factors which were not accounted for in our analysis.
Also, assessment of the sensitivity and specificity upon
a second-time measurement would have provided an
additional insight into the predictive power of the noninvasive parameters included in our analysis.
In conclusion, our results, based on cirrhotic patients
with different etiologies, suggest that the FIB-4 is
the most reliable predictor of esophageal varices in
liver cirrhosis patients. Despite the low diagnostic
accuracy, FIB-4 is the most efficient non-invasive
liver fibrosis marker which can be used as an initial
screening tool for cirrhotic patients in the areas with
lack of endoscopy facilities. However, none of the noninvasive markers assessed in this sample of Albanian
patients was a useful predictor of esophageal variceal
bleeding. Thus, these markers may not be adequate
for the replacement of upper endoscopy. Future large
prospective studies are warranted to further define
the diagnostic accuracy of non-invasive markers in
the diagnosis of EV and prediction of EVB in countries
where there is a shortage of endoscopy.

Applications

These non-invasive biomarkers are based on regular laboratory data, require
no extra cost, specialized devices or additional biochemical tests and differ from
other noninvasive markers which may not be easily accessible. This fact may
be very important in developing and transitional countries with rather limited
resources. Nevertheless, future large prospective studies are warranted to
further define the diagnostic accuracy of non-invasive markers in the diagnosis
of esophageal varices and prediction of esophageal variceal bleeding in
countries where there is a shortage of endoscopy.

Peer-review

The paper by Kraja Bledar et al demonstrated FIB-4 was strong predictor of
EV in patients with liver cirrhosis; however, there was no association between
FIB-4 and esophageal variceal bleeding. They concluded that FIB-4 is useful
for initial screening tool for cirrhotic patients in the areas with lack of endoscopy
facilities.
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Abstract
AIM
To evaluate safety and outcomes of a new technique
for extreme hepatic resections with preservation of
segment 4 only.

Institutional review board statement: The study was reviewed
and approved by the Institutional Review Board of Hospital Ana
Nery.

METHODS
The new method of extreme liver resection consists of a
two-stage hepatectomy. The first stage involves a right
hepatectomy with middle hepatic vein preservation
and induction of left lobe congestion; the second stage
involves a left lobectomy. Thus, the remnant liver is
represented by the segment 4 only (with or without
segment 1, ± S1). Five patients underwent the new
two-stage hepatectomy (congestion group). Data
from volumetric assessment made before the second
stage was compared with that of 10 matched patients
(comparison group) that underwent a single-stage right
hepatectomy with middle hepatic vein preservation.
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RESULTS
The two stages of the procedure were successfully
carried out on all 5 patients. For the congestion group,
the overall volume of the left hemiliver had increased
103% (mean increase from 438 mL to 890 mL) at 4
wk after the first stage of the procedure. Hypertrophy
of the future liver remnant (i.e. , segment 4 ± S1) was
higher than that of segments 2 and 3 (144% vs 54%,
respectively, P < 0.05). The median remnant liver
volume-to-body weight ratio was 0.3 (range, 0.28-0.40)
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[6-8]

for CLM . Stimulation of hepatic regeneration has
also made liver resection feasible in patients who
would otherwise have a small future liver remnant
(FLR). However, these methods are not adequate for
cases requiring bilateral anatomical liver resection with
preservation of only a small central liver segment,
as they cannot provide sufficient selective FLR
hypertrophy.
Extensive bilateral hepatic involvement by CLM that
requires complete resection of the right hemiliver and
of the left lateral section, but which shows minimal or
no involvement of segment 4, is an unusual as well
as challenging clinical situation. Usually, the volume
of liver segment 4 is insufficient to meet the minimal
requirements for safe resection of all other segments.
Additionally, the commonly applied methods for
stimulating liver regeneration were designed to
induce hypertrophy in lateral segments of the liver.
Deprivation of portal flow to the entire right liver plus
to the left lateral section has not yet been reported but
would be expected to lead to liver failure if the FLR was
very small.
Right portal vein embolization (with or without
hepatic vein deprivation) induces parenchymal
hypertrophy of both FLR (segment 4) and the left
[9-12]
lateral section
. The ALPPS method was developed
to induce hypertrophy of the left lateral section,
[13,14]
in particular
. Recently, our group published a
technical alternative option that optimizes hypertrophy
of segment 4, while avoiding hypertrophy of the left
[15]
lateral section and maintaining its function . In this
study, we aimed to target hypertrophy to segment 4
by generating a congestion of segments 2 and 3 after
performance of a right hepatectomy. The safety and
efficacy outcomes of this method are presented herein.

before the first stage and 0.8 (range, 0.45-0.97) before
the second stage. For the comparison group, the rate
of hypertrophy of the left liver after right hepatectomy
with middle hepatic vein preservation was 116% ±
34%. Hypertrophy rates of segments 2 and 3 (123%
± 47%) and of segment 4 (108% ± 60%, P > 0.05)
were proportional. The mean preoperative volume
of segments 2 and 3 was 256 ± 64 cc and increased
to 572 ± 257 cc after right hepatectomy. Mean
preoperative volume of segment 4 increased from 211
± 75 cc to 439 ± 180 cc after surgery.
CONCLUSION
The proposed method for extreme hepatectomy with
preservation of segment 4 only represents a technique
that could allow complete resection of multiple bilateral
liver metastases.
Key words: Hepatectomy; Colorectal liver metastases;
Hepatic congestion; Liver regeneration; Liver resection;
Liver failure
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Extreme hepatic resections with preservation
of one segment only may be required for complete
resection of multiple bilobar liver metastases. We
evaluated a new technique of two-stage hepatectomy
with preservation of segment 4 only. Stage one
involves a right hepatectomy with middle hepatic
vein preservation and associated left lobe congestion
through reduction of the left hepatic vein diameter.
This combination optimizes segment 4 regeneration
while allowing the left lobe (to be resected) to maintain
function with reduced hypertrophy. Stage two involves
a left lobectomy. Hypertrophy rates of non-congested
segment 4 were significantly greater than in congested
left lobe.

MATERIALS AND METHODS
Study design and patients

Balzan SMP, Gava VG, Magalhães MA, Dotto ML. Extreme
liver resections with preservation of segment 4 only. World J
Gastroenterol 2017; 23(26): 4815-4822 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i26/4815.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i26.4815

From January 2013 to December 2015, patients (Table
1) with multiple bilateral CLM who underwent a twostage hepatectomy with preservation of segment 4 [±
segment 1 (S1)] only, using a technique previously
[15]
described by our team , were selected for study
inclusion and designated as the “congestion group”.
For comparative analysis, patients that underwent
right hepatectomy were selected to fit a 2: 1 casematched proportion and included as the “comparison
group”. Inter-group comparisons were made for the
hypertrophy rates of each left side hepatic segment
after a right hepatectomy only (in the comparison
group) and after a right hepatectomy associated with
left lobe congestion (i.e., the first-stage procedure in
the congestion group). Pre- and postoperative hepatic
triple-phase contrast-enhanced computed tomography
(CT) images were used for comparative volumetric
assessment of all patients.

INTRODUCTION
Complete surgical resection of colorectal liver
metastases (CLM) leads to long-term survival for
selected patients with isolated hepatic disease or
[1-5]
resectable associated extrahepatic disease . Tech
nical improvements, mainly in blood flow modulation
(such as portal vein embolization, portal vein ligation,
associating liver partition and portal vein ligation
(ALPPS), and simultaneous portal and hepatic vein
embolization), have extended the limits of resection
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Table 1 Patient characteristics of the congestion group

Patient 1
Patient 2
Patient 3
Patient 4
Patient 5

Sex

Age, yr

Weight, kg

Preoperative chemotherapy

Comorbidities

CLM

Female
Female
Female
Female
Female

52
61
39
54
65

55
63
98
66
46

Oxaliplatin
Oxaliplatin
Oxaliplatin + bevacizumab
Oxaliplatin
Oxaliplatin

None
SAH
None
None
DM, SAH

Metachronous
Metachronous
Synchronous
Metachronous
Metachronous

CLM: Colorectal liver metastases; DM: Diabetes mellitus; SAH: Systemic arterial hypertension.

Congestion group

Rationale for segmental congestion and technical
aspects

The congestion group included 5 patients with multiple
bilateral CLM who had been selected for resection
according to fulfillment of the following criteria: (1)
hepatic segment 4 (± S1) without lesions or with only
superficial lesions appropriate for atypical resection; (2)
right hemiliver and left lateral sector both considered
ineligible for surgical preservation due to the presence
of multiple deep and/or sectorial or segmental hepatic
pedicle tumor involvement; and (3) absence of
detectable extrahepatic metastases (Table 1).
Abdominal and thoracic contrast-enhanced CT,
abdominal magnetic resonance imaging (MRI), and
positron emission tomography (PET)-CT were used
to detect hepatic and extrahepatic disease. Hepatic
metastases were defined as metachronous if they
were diagnosed at least 6 mo after colorectal tumor
resection. All patients received chemotherapy with
oxaliplatin-based standard protocols and showed
no hepatic disease progression prior to the surgical
resection.
At the time of presentation of the metastatic
liver disease, none of the patients were considered
candidates for surgery as their FRLs were too small.
Individual case discussion was carried out by the
multidisciplinary tumor board, with alternatives for
ensuring achievement of complete hepatic resection
of the metastatic disease being considered. In this
scenario, simultaneous embolization of the right
portal vein and left lateral sector portal branches was
deemed to be too risky because of the very small FLR
(segment 4 ± S1). Of note, the left lateral lobe was
evaluated for preservation but complete cleanup was
deemed impossible, even with application of local
ablation methods.

Extended hepatic resection with preservation of
segment 4 only represents a significant clinical
challenge. The usual options for resection in patients
with multiple bilateral metastases include methods
of portal vein privation with or without local ablation
techniques. However, when segment 4 is the only one
to be preserved, performance of isolated right portal
vein embolization (or even in conjunction with right
hepatic vein occlusion) induces hypertrophy of both
segment 4 and the left lateral sector, namely of both
the segments to be preserved and the segments to
be respected. Thus, the increase of segment 4 is not
optimal, and it might not be sufficient for successful
outcome. On the other hand, coincident embolization
of the left lateral sector portal branches (in addition to
the right portal vein embolization) is a risky procedure
since the non-embolized segment is too small.
Thus, to optimize hypertrophy of the FLR (i.e.,
segment 4), our team conceived of a two-stage
procedure (Figure 1) in which the initial surgery consists
of a right hepatectomy with middle hepatic vein
preservation and induction of congestion of the left lobe,
and the second stage is a left lateral sectionectomy.
Since parenchymal resection provides the highest
expected rate of remnant liver hypertrophy, a major
hepatic resection (right hepatectomy) is performed
in the first stage. Additionally, to promote future
hypertrophy of segment 4 and to avoid hypertrophy
of the left lateral sector, congestion of left lobe is
induced. To induce the desired segmental congestion,
a silicone tube is wrapped around the left hepatic
vein, outside of the liver. The diameter of the looping
silicone is progressively diminished around the vein.
When macroscopic signs of congestion become evident
in segments 2 and 3, a Doppler study is performed to
ensure that hepatopetal flow is still present in these
segments. Finally, the silicone tube is tied-off in order
to maintain the diameter of the vessel according to the
size of the loop. The loop is left in situ until the second
stage is performed. It is important to ensure the
hepatopetal flow despite congestion, as this will help
maintain the function of the congested segments but
will limit their hypertrophy rates.
At 4 wk after the first stage, a CT with volumetric
assessment is performed to evaluate parenchymal

Comparison group

The comparison group consisted of 10 patients that
had been randomly selected from a large database
so that each patient was matched according to the
following criteria: age (classified according to decades),
sex, American Society of Anesthesiologists (commonly
known as ASA) score, CLM diagnoses, preoperative
chemotherapy (chemotherapeutic agents and duration),
and type of resection (right hepatectomy with middle
hepatic vein preservation).
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Figure 1 Schematic representation of two-stage hepatectomy with preservation of segment 4 only using outflow modulation. A: During the first stage, a right
hepatectomy with middle hepatic vein is performed along with an associated induction of congestion in the left lobe; B: Redistribution of portal flow (increased inflow
to segment 4 after territorial congestion of segments 2/3) optimizes hypertrophy of segment 4 and avoids hypertrophy of segment 2 and 3; C: The second stage of
procedure, a left lobectomy, is performed.

A

B
3

157 cm

3

205 cm

3

391 cm

3

253 cm

Figure 2 Computed tomography-based volumetry. A: Before the first stage of liver resection; B: Before the second stage of the procedure. Modulated congestion
of the left lobe associated with right hepatectomy led to a significant hypertrophy rate of segments 4 and 1 (156%) but only a modest hypertrophy rate of segments 2
and 3 (24%). Modified from Balzan et al[15].

hypertrophy (Figure 2), after which a left lateral
sectionectomy is performed if the FLR is considered
sufficient. When lesions are also present on segments
4 and/or 1, the tumors are resected during the first
stage, thereby “cleaning” the FLR for the subsequent
procedure.
Both the first and second stages were performed
with a J-shaped incision. Intraoperative ultrasound
was used to verify the transection plane and assure
preservation and permeability of the middle hepatic
vein. The left hepatic vein was dissected and encircled
by the standard technique. Parenchymal transection
was performed using a saline-irrigated bipolar device,
and all vascular and biliary structures sized ≥ 3 mm
were divided between ligatures. Intermittent Pringle
maneuver (15 min of clamping with 5 min intervals)
was used as needed.

following formula: [(segmental volume after surgery segmental volume before surgery) × 100]/segmental
volume before surgery. Volumetries were determined
by contrast-enhanced CT acquisitions and by use of
the Osirix for IOS medical imaging viewer software
(Pixmeo SARL, Bernex, Switzerland, 2012).

Measurement of liver volumetry

The overall left liver increased by 103% (mean increase
from 438 mL to 890 mL) in the 4 wk after performance
of the first stage of the procedure. Hypertrophy of
the FLR (i.e., segment 4 ± S1) was greater than that
of segments 2 and 3 (144% vs 54%, respectively,
P < 0.05). Table 2 shows the individual volumes

Statistical analysis

Data are expressed as mean ± SE of the mean or
median. A t-test was used to compare means. P value
< 0.05 indicated statistical significance. All statistical
analyses were performed by the SPSS statistical
software package, version 10.1 (SPSS Inc, Chicago,
IL, United States).

RESULTS
Liver regeneration in the congestion group

Volumetry of segments 4 and 1 (or of only segment 4
if S1 should be resected) and of segments 2 and 3 (left
lobe) was performed preoperatively and at 4 wk after
the right hepatectomy (Figure 2). The regeneration
rate (percent hypertrophy) was calculated with the
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Table 2 Hypertrophy rate of congested and non-congested segments
Segments 2/3
st

Case 1
Case 2
Case 3
Case 4
Case 5
mean ± SD

nd

P vaule

Segment 4 (± S1)
st

nd

1 stage, in cc

2 stage, in cc

Hypertrophy rate

1 stage, in cc

2 stage, in cc

Hypertrophy rate

205
228
309
248
186
235 ± 42

253
331
679
407
214
377 ± 165

24%
45%
120%
64%
15%
54 ± 37

157
192
272
225
167
203 ± 42

391
505
823
641
206
513 ± 211

149%
163%
203%
185%
23%
144 ± 63

< 0.05

1st stage: Volumetry before 1st stage; 2nd stage: Volumetry before second stage (after right hepatectomy and segments 2 and 3 congestion).

and hypertrophy rates for each patient. The median
remnant liver volume-to-body weight ratio was 0.3
(range, 0.28-0.40) before the first stage and 0.8 (range,
0.45-0.97) before the second stage.

segments 2/3 was employed.
The classical paradigm of liver resectability
comprises the preservation of at least two contiguous
functional liver segments, with appropriate portal and
arterial inflow, as well as venous outflow and biliary
drainage. Right and left trisectionectomies are the
[16]
most extensive liver resections routinely performed .
Moreover, two-stage hepatectomy for bilateral CLM
may provide long-term outcomes that are comparable
to those in patients treated with a planned single-stage
[16-20]
hepatectomy
. However, extreme resections with
preservation of only a single liver segment have been
[21-23]
reported rarely
. Two cases of hepatic resection
with only segment 4 preservation were reported by
[21]
Adam et al , and both used staged procedures. For
these, the first stage involved a major hepatectomy
(right hepatectomy) in one of the patients and a
minor hepatectomy (left lobectomy) in the other one.
[19]
Schadde et al
reported 6 cases with left lobectomy
performed during the first stage, in the context of
ALPPS, followed by right hepatectomy in the second
stage.
Our technique comprises a right hepatectomy (with
or without wedge resections on segment 4) during
the first stage of the procedure and a left lobectomy
as the second stage. The potential disadvantages of
performing a major liver resection first include: (1)
submitting the patient to a higher-risk procedure
initially, although this is offset by the chance that
the patient may eventually not be a candidate for
the second stage due to disease progression; and
(2) subjecting the surgeon of the second stage to a
procedure with increased technical difficulty if adhesions
involving the diaphragm have formed. However, other
positive aspects should be considered: (1) a major
resection performed as the initial procedure induces
a greater extent of hepatic regeneration than a minor
hepatectomy; (2) anatomical right hepatectomy is a
standardized procedure with acceptable morbidity; and
(3) lysis of adhesions from the diaphragm to the cut
section of the liver is not routinely required to perform
the second stage procedure (left lobectomy). Besides
these, no oncological benefit has been demonstrated
for one strategy over another.
Extensive parenchymal resection results in the
highest rate of regeneration of the remaining liver, as

Liver regeneration in the comparison group

The overall hypertrophy rate of the left liver at 4-6
wk after right hepatectomy with middle hepatic vein
preservation in this group was 116% ± 34%. The
hypertrophy rates were proportional for segments 2 and
3 and segment 4 (123% ± 47% vs 108% ± 60%, P >
0.05). The mean preoperative volume of segments 2
and 3 was 256 ± 64 cc, which increased to 572 ± 257
cc after the right hepatectomy. The mean preoperative
volume of segment 4 increased from 211 ± 75 cc to
439 ± 180 cc after the surgery.

Morbidity and mortality rates

Both of the two stages of the novel procedure were
successfully completed in all 5 patients. One patient
(case #3) developed postoperative ascites after the
first stage, requiring prolonged hospital stay. Another
patient (case 5, a 65-year-old female) died at 30 d
after the second stage, due to liver failure that likely
resulted from small-for-size syndrome. In this patient,
ascites and jaundice developed on postoperative day
7 and increased progressively with no evidence of
biliary obstruction. She had been receiving systemic
oxaliplatin-based chemotherapy for 8 mo prior to
performance of the first stage. Her hypertrophy rate at
4 wk after the first stage was below expected, for both
congested and non-congested segments (15% and
23%, respectively).
All other patients experienced uneventful posto
perative recovery (i.e., no Dindo-Clavien complication
of grade 2 or more) after the first and second stages.

DISCUSSION
The present study demonstrates that modulation of
outflow allows for targeted liver regeneration. The
method reported is particularly useful for patients
in whom only segment 4 (± S1) can be preserved.
In such cases, as described herein, the hypertrophy
rate of segment 4 (± S1) after right hepatectomy
was optimized when partial outflow deprivation of
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compared to other reported methods that induce FLR
hypertrophy. In our study, the overall volume increase
of the left liver after the first stage was 103%, and
the FLR (i.e., segment 4) increased 144% before the
second stage. In ALPPS, the reported hypertrophy
rates of FLR before the second stage have ranged
[13,24-26]
from 47% to 110%
. Likewise, in portal vein
embolization or ligation alone, or when associated with
ipsilateral hepatic vein occlusion, even more modest
rates of hypertrophy have been reported (from as low
[27-31]
as 8.2% and up to 46%)
.
Hypertrophy of the remaining liver after major
parenchymal hepatic resection is fast and powerful,
and involves a complex process of signaling path
[32]
ways . The role of portal flow in the process of
regeneration after major hepatectomy is unclear, but
induction of regeneration seems to occur due to: (1)
the increase of portal flow per unit mass itself; and
(2) the large incoming amounts (per hepatocyte) of
[33]
signaling molecules usually present in portal blood .
According to these concepts, the temporary increase
of portal flow to some hepatic territories would
strongly stimulate the regenerative process of these
hepatocytes, while the maintenance of a usual portal
flow would prevent regeneration.
This phenomenon explains the disproportional rate
of hypertrophy that is seen between the left lobe and
segment 4 after right hepatectomy, with or without
preservation of the middle hepatic vein. It is known
that after right hepatectomy with middle hepatic vein
resection, the rate of regeneration of segment 4 is
lower than that of segments 2 and 3. On the other
hand, after right hepatectomy with middle hepatic vein
preservation, all remnant segments show a similar
[33-35]
hypertrophy
. In our technique, this knowledge was
applied in a reverse manner, specifically a reduction of
outflow from the left lobe after the right hepatectomy
with preservation of middle hepatic vein. In fact,
the induced congestion of the left lobe prevents the
expected increase of portal flow to this hepatic area,
maintaining its function while avoiding hypertrophy.
In the meantime, the portal flow is redirected to noncongested segments (segments 4 and 1), i.e., the FLR,
optimizing its regeneration.
Thus, induced congestion of the left lobe (which is
to be resected) during the first stage of the procedure
aims to prevent its hypertrophy while optimizing that
of segment 4 (which is to be preserved). Our results
confirm a significant disproportional hypertrophy
rate of the congested left lobe (54%) compared to
the non-congested segment 4 (144%), allowing for
safe resection of the left lobe in the second stage of
the procedure. The consistency of this strategy is
evidenced by the hypertrophy rate of the matched
comparison group of patients that underwent a right
hepatectomy with middle hepatic vein preservation. In
this comparison group, in the context of single-stage
hepatectomy for CLM, a proportional hypertrophy rate
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was observed for left lobe and segment 4.
The interval between performance of the first
and second stages ranged from 6 wk to 8 wk, and
all patients underwent the second stage of the
procedure. One patient died following the second
stage. This patient presented an unexpected low rate
of hypertrophy after the first stage (15% for the left
lobe and 23% for segment 4) and underwent the
second stage with a FRL of 206 cc (0.45% of the
body weight). The restricted rate of hypertrophy could
have been related to the long period of preoperative
chemotherapy (8 mo) that the patient had undergone.
The postoperative clinical findings were compatible
with small-for-size syndrome and started to develop
after postoperative day 7, with progressive hyper
bilirubinemia and voluminous ascites. The patient died
of liver failure on postoperative day 30.
Future studies should take into account both the
expected rate of hypertrophy and the kinetic rate of
hypertrophy. These rates should probably be considered
as contraindications for the second procedure, as in
other strategies used to induce liver hypertrophy. Also,
the ideal interval between the two stages remains to
be determined, as well as the benefit of chemotherapy
during the interval period. To evaluate the viability of
performing the second stage early, our group recently
initiated a prospective protocol that includes volumetric
assessment on day 7 after performance of the first
stage.
In summary, this novel method for extreme hepa
tectomy with preservation of only segment 4 represents
a new understanding of the clinical treatment that could
refine the assignment of patients with multiple bilateral
liver metastases to achieve a complete resection.

COMMENTS
COMMENTS
Background

Complete resection is the only potential curative treatment for colorectal liver
metastases (CLM). Resection of multiple bilateral lesions represents a technical
challenge and a real risk of postoperative hepatic failure when segment 4 is the
only hepatic segment to be preserved.

Research frontiers

The usual technical options for resection of multiple bilateral CLM are
preoperative portal vein embolization, associating liver partition and portal vein
ligation, and two-stage hepatectomy. Unfortunately, these are rarely useful for
extreme resection with preservation of segment 4 only, due to the common
very-small future liver remnant. Thus, a method allowing safe hepatic resection
with preservation of only segment 4 will benefit a significant number of patients.

Innovations and breakthroughs

A two-stage procedure that can overcome the risk of postoperative hepatic
failure among patients with preservation of segment 4 only is presented. The
first stage involves a right hepatectomy (to accomplish the higher expected
hypertrophy rate) and a reduction of the left hepatic vein diameter (venous
congestion to preclude proper hypertrophy). This strategy allows for an
extraordinary hypertrophy rate of segment 4 (future liver remnant), while the left
lobe maintains its function with a much less extent of increase in size. Then, the
second stage can be safely accomplished through a left lobectomy. Compared
to conventional right hepatectomy, the use of outflow modulation optimizes the
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hypertrophy rate of the target area.

Applications

13

This surgical technique represents a useful and safe method to perform
extreme resections when the only hepatic segment to be preserved is segment 4.

Peer-review

This is a retrospective study, limited by the small number of patients. However,
the use of this innovative technique allows extensive liver resection in patients
with multiple bilateral liver metastases in a scenario that cannot be treated by
conventional approaches. The comparison group in this paper clearly shows
that venous congestion is a useful tool to optimize liver hypertrophy of the future
liver remnant. The spreading of such technique should encourage other centers
to perform it. Its benefit in a larger number of patients shall become apparent
with further series.
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Abstract

context of gastric cancer treatment and recovery
because early diagnosis and improved treatments have
led to increased long-term survival postgastrectomy,
highlighting the need for better QOL.

AIM
To determine the predictive factors and impact of body
weight loss on postgastrectomy quality of life (QOL).
METHODS
We applied the newly developed integrated question
naire postgastrectomy syndrome assessment scale-45,
which consists of 45 items including those from the
Short Form-8 and Gastrointestinal Symptom Rating
Scale instruments, in addition to 22 newly selected
items. Between July 2009 and December 2010,
completed questionnaires were received from 2520
patients with curative resection at 1 year or more after
having undergone one of six types of gastrectomy
for Stage Ⅰ gastric cancer at one of 52 participating
institutions. Of those, we analyzed 1777 eligible question
naires from patients who underwent total gastrectomy
with Roux-en-Y procedure (TGRY) or distal gastrectomy
with Billroth-I (DGBI) or Roux-en-Y (DGRY) procedures.

Tanabe K, Takahashi M, Urushihara T, Nakamura Y, Yamada M,
Lee SW, Tanaka S, Miki A, Ikeda M, Nakada K. Predictive factors
for body weight loss and its impact on quality of life following
gastrectomy. World J Gastroenterol 2017; 23(26): 4823-4830
Available from: URL: http://www.wjgnet.com/1007-9327/full/v23/
i26/4823.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i26.4823

INTRODUCTION
Despite its gradually decreasing incidence, gastric
cancer remains the second leading cause of cancer
[1]
death in the world . Surgical resection and regional
lymphadenectomy are the only curative options for
[2-4]
patients with localized gastric tumors
. As early
diagnosis and improved treatment have led to longerterm survival, patients are now more aware of the
morbidities associated with gastrectomy, which
is called postgastrectomy syndrome. Indeed, the
gastrectomized patients may experience various
nutritional and functional problems that interfere with
[5-7]
their quality of life (QOL) . Loss of body weight is a
common complaint after gastrectomy, and is thought
as one of few objective indices to measure the wellbeing of postgastrectomy patients. Some reports
suggest that the type of gastrectomy is a certain
[6,8,9]
predictor of postoperative weight loss
, however,
other predictive factors for postoperative weight loss
has yet not been determined. Though the low body
mass index (BMI) as well as body weight loss is often
identified after gastrectomy and may affects the QOL
[10]
after gastrectomy , their detail implication on the
QOL has not been clarified.
The aim of the present study was to determine
the predictive factors for postoperative weight loss
and to investigate the impact of body weight loss and
low BMI on the QOL in patients after gastrectomy
using the Postgastrectomy Syndrome Assessment
Scale (PGSAS)-45, which was established specifically
to assess symptoms, living status and QOL among
[11]
patients after gastrectomy .

RESULTS
A total of 393, 475 and 909 patients underwent TGRY,
DGRY, and DGBI, respectively. The mean age of
patients was 62.1 ± 9.2 years. The mean time interval
between surgery and retrieval of the questionnaires was
37.0 ± 26.8 mo. On multiple regression analysis, higher
preoperative body mass index, total gastrectomy, and
female sex, in that order, were independent predictors
of greater body weight loss after gastrectomy. There
was a significant difference in the degree of weight
loss (p < 0.001) among groups stratified according to
preoperative body mass index (< 18.5, 18.5-25 and >
2
25 kg/m ). Multiple linear regression analysis identified
lower postoperative body mass index, rather than
greater body weight loss postoperatively, as a certain
factor for worse QOL (p < 0.0001) after gastrectomy,
but the influence of both such factors on QOL was
2
relatively small (R , 0.028-0.080).
CONCLUSION
While it is certainly important to maintain adequate
body weight after gastrectomy, the impact of body
weight loss on QOL is unexpectedly small.
Key words: quality of life; Gastrectomy; Weight loss;
postgastrectomy syndrome assessment scale-45
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Our study of almost 1800 gastrectomy
patients revealed that higher preoperative body
mass index, total gastrectomy, and female sex were
independent predictors of greater body weight loss
after gastrectomy. Moreover, we determined lower
postoperative body mass index, rather than greater
postoperative weight loss, as a certain factor of
worse quality of life (QOL), although the effect was
not substantial. We believe that this contribution is
theoretically and practically relevant in the current
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The PGSAS study, a surveillance study involving 52
institutions, was conducted by the Japanese Post
gastrectomy Syndrome Working Party (JPGSWP)
and approved by the institutional review boards of
all participating institutions. After completion of the
informed consent process, patients were enrolled in this
study if they met the following eligibility criteria: 20-75
years of age, histologically proven StageⅠ gastric
th
cancer based on the 13 edition of the Japanese
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Questionnaire
handed
2922

Table 1 Characteristics of patients after conventional
gastrectomy
Sex [male: n (%)]
Age (yr, mean ± SD)
Type of gastrectomy (n: TGRY/DGBI/DGRY)
Period after gastrectomy (mo: mean ± SD)
Change in body weight (%, mean ± SD)
Preoperative BMI (kg/m2, mean ± SD)
Postoperative BMI (kg/m2, mean ± SD)
Approach (n, open/laparoscopic)
Preservation of celiac branch of vagus (Y/N)

Not retrieved
402 (14%)

1188 (66.9)
62.1 ± 9.2
393/909/475
37.0 ± 26.8
-9.5 ± 8.0
22.8 ± 3.1
20.6 ± 2.8
1102 ± 664
173/1567

Retrieved
2520 (86%)

Analized
2368 (81%)

bMI: body mass index.

TGRY
393
[12]

classification of gastric carcinoma , curative resection
at least 1 year after surgery, no signs of recurrence
at the point of assessment, and no other active
malignancy.
The PGSAS-45 questionnaire consists of 45 ques
[13]
tions, with 8 items from the Short Form-8 (SF-8) ,
15 items from the Gastrointestinal Symptom Rating
[14]
Scale , and 22 clinically important items determined
by the JPGSWP. Patients were given the questionnaire
together with a stamped and addressed envelope
in the outpatient clinic and were asked to complete
questionnaire and return it by post to the data center.
Of the 2922 patients to whom questionnaires were
given during July 2009 to December 2010, 2520
(86%) responded and 2368 (81%) were confirmed
to be eligible for the original study. Of these, the data
from 1777 patients who underwent total gastrectomy
with Roux-en-Y (TGRY) and distal gastrectomy with
Billroth-I (DGBI) or Roux-en-Y (DGRY) were analyzed
in this study.

DGBI
909

Conventional gastrectomy

PPG
313

PG
193

LR
85

Function-preserving
gastrectomy

Figure 1 CONSORT flowchart of the Postgastrectomy Syndrome
Assessment Study (PGSAS study). TGRY: Total gastrectomy with Rouxen-Y reconstruction; DGRY: Distal gastrectomy with Roux-en-Y reconstruction;
DGBI: Distal gastrectomy with Billroth-I reconstruction; PPG: Pylorus-preserving
gastrectomy; PG: Proximal gastrectomy; LR: Local resection.

66.9%) who underwent conventional gastrectomy were
enrolled in this study. The mean age of patients was
62.1 ± 9.2 years. The numbers of patients undergoing
each operative procedure were as follows: TGRY, 393;
DGRY, 475; and DGBI, 909. The mean time interval
between surgery and retrieval of the questionnaires
was 37.0 ± 26.8 mo, and the mean body weight loss
among postgastrectomy patients was 9.5% ± 8.0% at
that time (Table 1).

QOL measures in the PGSAS-45

The PGSAS-45 is an integrated questionnaire for
assessing the symptoms, the living status and the
QOL in patients after gastrectomy, as described pre
[11]
viously . The structure of the PGSAS-45 is shown in
Table 2. QOL scores in the PGSAS-45 were obtained for
two subdomains: dissatisfaction and the SF-8 items.
The dissatisfaction subdomain consists of four outcome
measures based on symptoms (item 43), meals (item
44), working (item 45), and daily life subscale (mean
of the item 43-45). The SF-8 consists of eight items
and generates two summary measures, the physical
component summary and the mental component
summary. The mean values of main outcome measures
are shown in table 3.

Statistical analysis

The degree of body weight loss was compared among
the three relevant preoperative BMI groups (BMI,
2
< 18.5, 18.5-25 and > 25 kg/m ) by multiple com
parisons. Multiple regression analysis was performed to
determine the factors affecting body weight loss after
surgery, and to study the impact of the change in body
weight and postoperative BMI on QOL. A P value of <
0.05 was considered to indicate statistical significance.
To evaluate effect sizes, Cohen’s d, standardization
coefficient of regression (β) and coefficient of
2
determination (R ) were used. Interpretation of effect
sizes were ≥ 0.2 small, ≥ 0.5 medium, and ≥ 0.8
large in Cohen’s d; ≥ 0.1 small, ≥ 0.3 medium, and
≥ 0.5 large in β; ≥ 0.02 small, ≥ 0.13 medium,
2
and ≥ 0.26 large in R . All statistical analyses were
performed by biostatisticians who primarily used Stat
View for Windows Ver. 5.0 (SAS Institute Inc., Cary,
NC, United States).

Factors affecting postoperative weight loss

To clarify the predictive factors affecting change in body
weight after surgery, multiple regression analysis was
performed. In order of significance, higher preoperative
BMI, type of gastrectomy (TGRY) and female sex were
the independent predictors for postoperative weight
loss (Table 4).

RESULTS

Relationship between preoperative BMI and change in
body weight

Patient characteristics

A CONSORT flowchart of the PGSAS study is shown
in Figure 1. A total of 1777 patients (1188 men;
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DGRY
475

Excluded 152 (5%)
Age ≥ 76: 90
Postoperative period < 1 yr: 29
Resection of other organs: 8
Others: 25

Considering that preoperative BMI was the most
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Table 2 Structure of postgastrectomy syndrome assessment scale-45 (domains/subdomains/items/subscales)
Domains

Subdomains

QOL

SF-8 (QOL)

Symptoms

GSRS (Symptoms)

Symptoms

Living status

Meals (amount) 1

Meals (quality)

Meals (amount) 2
Social activity
Dissatisfaction (QOL)

QOL

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

Items

Subscales

Physical functioning1
Role physical1
Bodily pain1
General health1
Vitality1
Social functioning1
Role emotional1
Mental health1
Abdominal pains
Heartburn
Acid regurgitation
Sucking sensations in the epigastrium
Nausea and vomiting
Borborygmus
Abdominal distension
Nausea and vomiting
Increased flatus
Decreased passage of stools
Increased passage of stools
Loose stools
Hard stools
Urgent need for defecation
Feeling of incomplete evacuation
Bile regurgitation
Sense of foods sticking
Postprandial fullness
Early satiation
Lower abdominal pains
Number and type of early dumping symptoms
Early dumping general symptoms
Early dumping abdominal symptoms
Number and type of late dumping symptoms
Late dumping symptoms
Ingested amount of food per meal1
Ingested amount of food per day1
Frequency of main meals
Frequency of additional meals
Appetite1
Hunger feeling1
Satiety feeling1
Necessity for additional meals
Ability for working
Dissatisfaction with symptoms
Dissatisfaction at the meals
Dissatisfaction at working

Physical component summary1 (item 1-8)
Mental component summary1 (item 1-8)

Esophageal reflux subscale (item 10, 11, 13, 24)
Abdominal pain subscale (item 9, 12, 28)
Meal-related distress subscale (item 25-27)
Indigestion subscale (item 14-17)
Diarrhea subscale (item 19, 20, 22)
Constipation subscale (item 18, 21, 23)
Dumping subscale (item 30, 31, 33)
Total symptom scale (above seven subscales)

Quality of ingestion subscale1 (item 38-40)

Dissatisfaction for daily life subscale (item 43-45)

1

higher scores indicate better conditions. Each subscales is calculated as the mean of its composite items or subscales, except the physical and mental
component summaries of SF-8. Items 29 and 32 do not have scores; these were analyzed separately. PGSAS-45: postgastrectomy syndrome assessment
scale-45; SF-8: short form-8; QOL: quality of life; GSRS: gastrointestinal symptom rating scale.

Table 3 Main outcome measures of postgastrectomy syndrome assessment scale-45 quality of life domain in patients after
conventional gastrectomy (n = 1777)
Subdomains
Dissatisfaction

SF-8

Item in PGSAS-45

Main outcomes measures

Scale

mean ±SD

43
44
45
43-45
1-8
1-8

Dissatisfaction with symptoms
Dissatisfaction at the meals
Dissatisfaction at working
Dissatisfaction for daily life subscale
Physical component summary1
Mental component summary1

Five-point Likert scale

1.87 ± 0.95
1.13
1.79 ± 0.97
0.87
50.4 ± 5.6
49.7 ± 5.8

Five or six-point Likert scale

1

higher score indicating better condition. Integrated subscales (SS) are underlined in the Table. PGSAS-45: postgastrectomy syndrome assessment scale-45;
SF-8: short form-8.
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Table 4 Factors influencing body weight loss after gastrec
tomy (multiple regression analysis)

Change in body weight (%)

0

Variables

-5.0

Type of gastrectomy (DGBI)
Type of gastrectomy (DGRY)
Postoperative period (mo)
Age (yr)
Gender (male)
Preoperative BMI (kg/m2)
Approach (Laparoscopic)
Celiac branch of vagus (Preserved)
R2 (P value)
The interpretation of effect size
None-very small
Small
Medium
Large

-10.0

-15.0

-20.0

(P < 0.0001;
Cohen’s d = 0.77)

(P < 0.0001;
Cohen’s d = 0.40)
(P < 0.0001;
Cohen’s d = 1.06)

< 18.5
(n = 112)

18.5-25.0
(n = 1192)

> 25
(n = 366)
2

BMI before surgery (kg/m )

Figure 2 Preoperative body mass index strongly influences change in
body weight postoperatively. Bars represent the mean change in body weight
(mean ± SD); effect size for group difference are reported as Cohen’s d (p <
0.0001). bMI: body mass index.

β

P value

0.204
0.116
(-0.02)
(-0.04)
0.120
-0.3561
(0.01)
(0.074)
0.216
β
< (0.100)
> 0.100
> 0.3001
> 0.500

< 0.0001
< 0.0001
NS
0.0746
< 0.0001
< 0.0001
NS
0.0010
< 0.0001
R2
< (0.020)
> 0.020
> 0.1301
> 0.260

1

Integrated subscales. higher score indicative of a better condition. If β
is positive, the score of the outcome measure of the patients belonging to
the category in (brackets) is higher in cases when the factor is a nominal
scale, and the score of outcome measure of the patients with larger
values is higher in cases when the factor is a numeral scale. DGBI: distal
gastrectomy with Billroth-I; DGRY: distal gastrectomy with Roux-en-Y.

influential factor affecting weight loss postoperatively,
we compared the degree of weight loss among three
relevant preoperative BMI groups: < 18.5; 18.5-25;
2
and 25 < (kg/m ) (Figure 2). There was a significant
difference between each group (p < 0.0001) with a
certain effect size in terms of Cohen’s d. The patients
2
with higher BMI (> 25 kg/m ) exhibited the greatest
weight loss (12.3%) among the groups, while the
degree of weight loss in patients with lower BMI <
(18.5) was spare (2%).

loss, followed by the type of gastrectomy performed
(TGRY) and female sex, in order of significance.
2
Moreover, the patients with higher BMI (> 25 kg/m )
preoperatively exhibited the largest postoperative
weight loss among three relevant preoperative BMI
groups. The patients with low postoperative BMI
experienced worse QOL than those with greater
body weight loss, though the aggregated impact of
low BMI and excess body weight loss on the QOL
postoperatively was relatively smaller than generally
considered.
Loss of body weight after gastrectomy is thought
to be caused by multiple factors, including decreased
[15]
serum ghrelin , reduced food intake due to various
abdominal symptoms, and disorder of digestive and
absorptive function due to pancreatic exocrine insuffi
ciency or postcibal pancreaticobilliary asynchrony.
The degree of weight loss was also affected by the
[15-19]
type of gastrectomy employed
. Additionally, body
weight loss is also related to tumor progression or
chemotherapy after surgery. In this study, we focused
on StageⅠpatients in order to exclude the influence
of other factors that may influence the postoperative
body weight, and to isolate the effect of the surgical
procedures. The findings of present study that patients
undergoing TGRY had a greater body weight loss
compared to those undergoing DGBI or DGRY were
[19,20]
compatible with the previous reports
. However,
the influence of the other surgical procedures such as
laparoscopic approach or preservation of celiac branch
of vagus, which maintains the postprandial motility
[21]
of the duodenum and jejunum
and attenuates a
[22]
dumping syndrome , were insignificant as for effect
size, β.
Recent analyzes of specific disease processes,

impact of change in body weight and postoperative BMI
on QOL

Finally, we performed multiple regression analysis to
compare the influence on postoperative QOL between
body weight loss and low postoperative BMI (Tables 5
and 6). The low postoperative BMI significantly affected
on all QOL outcome measures with small but clinically
meaningful effect size in terms of standardized partial
regression coefficient (β), while the body weight loss
only affected on some of QOL outcome measures with
smaller effect size in β (approximately of half value
compared to that of postoperative BMI). In addition,
2
coefficient of determination R , which indicates the
aggregated impact of body weight loss and low post
operative BMI on the QOL, were relatively small for
each QOL outcome measures.

DISCUSSION
This study identified the causal factors affecting body
weight loss after gastrectomy and investigated the
impact of body weight loss on the postoperative QOL
using the PGSAS-45 questionnaire, which was recently
developed to assess the QOL following gastrectomy.
Our results identified higher preoperative BMI as the
most influential factor affecting postoperative weight
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Table 5 Impact of postoperative lower body mass index and body weight loss on the quality of life (multiple regression analysis)
Variables

Ability for
working
β

Postoperative BMI (kg/m2)
Change in body weight (%)
R2 (P value)

Dissatisfaction
with symptoms

P value

β

Dissatisfaction
at the meals

P value

β

P value

Dissatisfaction
at working
β

P value

Dissatisfaction for
daily life subscale
β

-0.134 < 0.0001 -0.189 < 0.0001 0.216 < 0.0001 -0.185 < 0.0001 -0.231
(-0.081) 0.0018 (-0.073) 0.0040 -0.112 < 0.001 (-0.097) <0.0001 -0.109
0.031 < 0.0001 0.048 < 0.0001 0.073 < 0.001
0.054 < 0.0001 0.080

PCS

P value
< 0.0001
< 0.0001
< 0.0001

β

P value

MCS
β

P value

0.148 < 0.0001 0.109 < 0.0001
(0.047) 0.066 (0.025)
NS
0.028 < 0.0001 (0.014) < 0.0001

bMI: body mass index; QOL: quality of life; PCS: physical component summary; MCS: mental component summary.

factors.
Despite above mentioned results, both to maintain
postoperative body weight and to avoid low BMI
seem yet important for better QOL after gastrectomy,
therefore, enhanced perioperative nutritional manage
ment should be required particularly in patients with
low preoperative BMI.
Several limitations of our study should be acknow
ledged. This study was not a prospective study and
the investigation was performed at a single point in
time postoperatively. We focused on long-term QOL,
more than 1 year after gastrectomy based on previous
findings that most QOL measures are stable at > 1
[39]
year postoperatively . However, such QOL measure
ments at a single point in time may be insufficient to
reflect the true impact of body weight loss. Further
prospective and chronological studies assessing QOL
over short- and longer-term periods after gastrectomy
are required.

Table 6 Regression analysis of effect size
The interpretation of effect size
none-very small
Small
Medium
Large

β

R2

< (0.100)
> 0.100
> 0.300
> 0.500

< (0.020)
> 0.020
> 0.130
> 0.260

including sarcopenia and metabolic diseases, have
identified the importance of evaluating not only BMI
but also body component composition, such as body
[23-26]
[27]
fat and skeletal muscle
. Siervo et al
also
reported that body composition varies with BMI, age
and sex. Although a significant reduction in body fat
has been reported after gastrectomy, several studies
indicated that the reduction in skeletal muscle mass
was smaller than reductions in the volume of body
[28-31]
fat
. These previous findings may, in part, explain
the smaller body weight loss in patients with low BMI (<
18.5), in which, the proportion of the skeletal muscle
supposed to be larger than those of the other relevant
preoperative BMI groups.
Body weight loss is considered to be one of the
objective index which resulting in worse QOL after
[5,8,32,33]
gastrectomy
, and also loss of body weight is
[34]
associated with intolerance to adjuvant chemotherapy .
However, in clinical setting, excess body weight loss is
not always accompanied with worse QOL, therefore,
precise features of the impact of body weight loss on
the postoperative QOL should be investigated. For this
purpose, we studied the impact of body weight loss as
well as postoperative BMI on the postgastrectomy QOL
using the PGSAS-45 questionnaire, which is the first
questionnaire developed to specifically measure QOL in
[11,35-38]
gastrectomized patients
, by multiple regression
analysis. The results of our study demonstrated that
the preoperative BMI rather than the degree of body
weight loss was the most influential predictor of worse
QOL after gastrectomy. The low postoperative BMI
significantly affected on all QOL outcome measures,
though the body weight loss only affected few QOL
outcome measures with smaller effect size in terms of
β. The aggregated impact of low BMI and body weight
loss was unexpectedly small for each QOL outcome
2
measures in terms of R . There may be other factors
influencing worse QOL postgastrectomy, and future
work should focus on investigation of other possible
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Background

Body weight loss, a common complaint after gastrectomy, is likely associated
with various factors such as tumor progression and chemotherapy. While
several reports indicated that the type of gastrectomy may be a determinant of
postoperative weight loss, other risk factors have yet to be determined. In the
present study, they focused only on patients with Stage I gastric cancer, so as
to evaluate the impact of the surgical procedure without the confounding effect
of other factors.

Research frontiers

Previous reports indicated that the type of gastrectomy is a certain
postoperative weight loss, suggesting that total gastrectomy resulted in greater
weight loss. Additionally, patients with excess weight loss after gastrectomy
were shown to have lower performance status and difficulty in continuing
chemotherapy. However, few reports have analyzed the relationship between
postgastrectomy body weight loss and quality of life (QOL).

Innovations and breakthroughs

The authors aimed to determine the predictive factors and clarify the qualityof-life impact of postgastrectomy body weight loss and low body mass index.
For this purpose, the authors used the postgastrectomy syndrome assessment
scale-45, which was established specifically to evaluate QOL following
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gastrectomy. Interestingly, the authors found that postoperative body mass
index, rather than the degree of weight loss, was a predictor of worse QOL after
gastrectomy, but the effect was relatively mild.

13

Applications

14

To minimize the negative effects on QOL after gastrectomy, it is better to
maintain the postoperative body weight and avoid low body mass index.
Postgastrectomy syndrome is a group of disorders and complications following
gastrectomy. It includes early/late dumping syndrome, reflux gastritis, diarrhea,
anemia, malabsorption, reflux gastritis, and weight loss.

15

Peer-review

The authors have conducted a well-written observational study. The case
enrollment and variable choices were appropriate. Despite this study has the
limit that QOL measures are conducted only at a single point after surgery, it
has some new insights.

16
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Abstract
AIM
To characterize the expression of toll-like receptors
(TLR) 2 and 4 in colorectal cancer (CRC) and in normal
colorectal mucosa.

Institutional review board statement: The study was reviewed
and approved by the Regional Ethical Committee of North
Ostrobothnia Hospital District (58/2005, 184/2009, 60/2012).
Informed consent statement: All study participants provided
informed written consent prior to study enrolment. The data is
stored and handled anonymously.

METHODS
We analysed tissue samples from a prospective series
of 118 unselected surgically treated patients with
CRC. Sections from formalin fixed, paraffin embedded
specimens were analysed for TLR2 and TLR4 expression
by immunohistochemistry. Two independent assessors
evaluated separately expression at the normal mucosa,
at the invasive front and the bulk of the carcinoma,
and in the lymph node metastases when present.
Expression levels in different locations were compared
and their associations with clinicopathological features
including TNM-stage and the grade of the tumour and
5-year follow-up observations were analysed.

Conflict-of-interest statement: The authors declare that they
have no conflict of interest.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
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RESULTS
Normal colorectal epithelium showed a gradient of
expression of both TLR2 and TLR4 with low levels in
the crypt bases and high levels in the surface. In CRC,
expression of both TLRs was present in all cases and
in the major proportion of tumour cells. Compared to
normal epithelium, TLR4 expression was significantly
weaker but TLR2 expression stronger in carcinoma
cells. Weak TLR4 expression in the invasive front was
associated with distant metastases and worse cancerspecific survival at 5 years. In tumours of the proximal
colon the cancer-specific survival at 5 years was 36.9%
better with strong TLR4 expression as compared with
those with weak expression (p = 0.044). In contrast,
TLR2 expression levels were not associated with
prognosis. Tumour cells in the lymph node metastases
showed higher TLR4 expression and lower TLR2 ex
pression than cells in primary tumours.

tumour-associated inflammation in the development
and progression of carcinoma. Inflammation and
immunity are related to the pathogenesis of cancer
by several mechanisms, including alterations in the
intestinal microbiome, oncogene activation-induced
immune reaction, and a role of local inflammation in
[3]
tumour progression . An elevated systemic inflam
[4]
matory response is associated with poor outcome , but
local inflammation at the invasive front of the tumour is
[5]
linked to better survival .
Toll-like receptors (TLRs) are a family of receptors
with a significant role in defence against pathogens.
They recognize microorganisms, and ligand binding
to TLRs initiates signalling cascades leading to the
[6]
inflammatory response . TLR4 detects lipopoly
[7]
saccharide from Gram-negative bacteria , and previous
[8-10]
studies concerning its role in CRC are controversial
.
TLR2 recognizes several bacterial, fungal, and viral
[11]
proteins , and in CRC, higher TLR2 expression has
been found compared to normal mucosa but with
[8]
no link to prognosis . Both are expressed in normal
[12]
colorectal epithelium and in immune system cells .
We have characterized TLR2 and TLR4 tissue
expression in a series of colorectal carcinomas and
their metastases, evaluating tumour properties that
affect expression and the influence of expression
on prognosis. Our hypothesis was that TLR2 and
TLR4 expression levels would change with tumour
progression and show an association with prognosis.

CONCLUSION
Tumour cells in CRC show downregulation of TLR4 and
upregulation of TLR2. Low expression of TLR4 in the
invasive front predicts poor prognosis and metastatic
disease.
Key words: Colorectal Cancer; Toll-like receptor 2; Tolllike receptor 4; Inflammation; Prognosis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: toll-like receptor 4 (TLR4) is downregulated
in colorectal cancer (CRC), suggesting a role as a
tumour suppressor. Low expression of TLR4 in the
invasive front marks poor prognosis and is associated
with metastatic disease. The most significant finding
was the association between weak TLR4 expression in
the tumour front and 36.9% (p = 0.044) lower cancerspecific survival in cancer of the proximal colon as
compared with strong TLR4 expression. Weak TLR4
staining in tumour front was present in 50% (11/22)
of the cases with metastases and only in 17% (16/94)
of those without metastases (p = 0.001). TLR2 is
upregulated in CRC but not associated with prognosis.

MATERIALS AND METHODS
Patients

A case series consisting of patients with CRC was
collected prospectively between April 2006 and January
2010 at Oulu University Hospital. The prospective
[13]
study (Kantola et al ) was explained to all newly
diagnosed CRC patients who underwent surgery in
our hospital during that time (n = 344). A total of 149
patients who were both eligible for the study and had
signed informed consent to participate were included
in the study. The Regional Ethical Committee of North
Ostrobothnia Hospital District has accepted both the
original study design and the follow-up study (58/2005,
184/2009, 60/2012). The study was conducted in
collaboration between the Department of Surgery and
the Department of Pathology.
The clinical details and follow-up information for
the patients were obtained from clinical records and
information about time and cause of death from
Statistics Finland. The preoperative staging of CRC
was made by whole body computed tomography
scan and local staging for rectal cancer by magnetic
resonance imaging scan. The patients with T3 or
T4 rectal cancer received preoperative neoadjuvant
radiation or chemoradiation therapy (n = 31) and were
excluded from the final analysis, leaving a total of 118
patients. The histological features of the tumours were
obtained from pathological records. The classifications

Paarnio K, Väyrynen S, Klintrup K, Ohtonen P, Mäkinen MJ,
Mäkelä J, Karttunen TJ. Divergent expression of bacterial wall
sensing toll-like receptors 2 and 4 in colorectal cancer. World J
Gastroenterol 2017; 23(26): 4831-4838 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i26/4831.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i26.4831

INTRODUCTION
Colorectal cancer (CRC) is the third most common
[1]
[2]
cancer in both Europe and the United States . It
evolves through stepwise accumulation of genetic
mutations and the effects of environmental factors.
Recent research has focused on the significance of
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[14]

used were TNM6
for staging and the WHO 2010
[15]
classification
for grading. In addition, serrated
adenocarcinomas were diagnosed according to WHO
[15-17]
2010 criteria, as described in more detail
. All
these histopathological analyses were performed by
experienced pathologist.
We defined disease-free survival as the time
interval between the primary operation and detection
of recurrence. Disease-free survival analysis was based
on the data for patients whose primary operation was
curative and who did not die for a cause other than
CRC during the 5-year follow-up period (83 patients).

score by the percentage of positive cells.

Statistical analysis

The statistical methods of this study were reviewed by
biostatistician Pasi Ohtonen, MSc, Division of Operative
Care, Oulu University Hospital. Summary statistics are
th
th
presented as medians with 25 -75 percentiles unless
2
stated otherwise. The χ test or Fisher’s exact test
was used to analyse categorical data, the Student’s
t-test for continuous data, and the paired samples
t-test to compare mean differences between different
sample sites. The Cox proportional hazards model
was used to estimate the impact of TLR2 and TLR4 on
5-year survival. In the Cox model, age and sex, along
with tumour size, location (distal/proximal), and stage
(0-Ⅱ/Ⅲ-Ⅳ) were used as adjusting factors and left in
the model only if their p < 0.05 or the impact on the
-2*Log Likelihood function was significant. Interaction
terms with TLR2 and TLR4 were calculated and found
to be non-significant. HRs with 95%CIs are presented
as results of the Cox models. Two-tailed P-values are
presented. Analyses were performed using SPSS for
Windows (Released 2012. IBM SPSS Statistics for
Windows, Version 21.0. IBM Corp., Armonk, NY, United
States).

Immunohistochemistry

Immunohistochemistry was performed on formalin
fixed, paraffin-embedded tissue sections. Tissue
microarrays were conducted using the primary
[18]
tumour specimens , and a human kidney tissue
specimen was included in the multi-tissue block as
[19]
a positive control for TLR2 staining . Macrophages
served as positive control for TLR4 staining. Samples
representing the normal mucosa and lymph node
metastases were stained and analysed separately.
For antigen retrieval, sections were treated at
a high temperature in Tris-EDTA buffer for 15 min.
Immunostaining was performed with Dako Autostainer
(Dako Copenhagen, Denmark) using mouse monoclonal
antibodies (Abnova MAB0066 Clone 1030A5.138 for
TLR2 and Abnova H00007099-M02 Clone 3B6 for
TLR4; Abnova, Taoyuan City, Taiwan), at dilutions
of 1:50 and 1:1000, respectively. For detection, we
used Dako Envision kit (Dako) and diaminobenzidine
(Dako basic DAB-kit) as a chromogen. For negative
controls, we omitted the primary antibody and replaced
the primary antibody with a mouse primary antibody
isotype control.

RESULTS
TLR2 and TLR4 expression in normal colorectal mucosa
and in CRC

Patient characteristics and tumour features are
presented in Tables 1 and 2. In the normal mucosa,
the expression of TLR2 and -4 was cytoplasmic and
present in all epithelial cells and in lymphocytes of
the lamina propria (Figure 1). There was a constant
gradient of the expression of both, with the crypt
base cells showing weaker expression than cells in the
upper parts of the crypts and surface.
In carcinomas, both TLR2 and TLR4 showed
cytoplasmic expression (Figure 2), and the expression
was present in all cases. In the majority of the cases,
the expression was present in most tumour cells.
TLR2 expression was increased in carcinoma cells
compared with normal colon epithelium (Table 3).
Expression did not differ between the tumour bulk
and the front, but levels were lower in lymph node
metastases than in the primary tumours.
The TLR4 expression pattern was distinct from that
of TLR2 and showed the highest levels in the normal
mucosa; in cancer, the tumour bulk had lower TLR4
expression levels than the tumour front and lymph
node metastases (Table 3).
The comparison between TLR2 and TLR4 ex
pression levels is shown in Table 4. The intensity of
staining did not differ in the invasive front, but TLR2
staining was significantly stronger in the tumour
bulk, as was TLR4 staining in both the lymph node
metastasis and the normal mucosa.
Weak intensity (less than 2) of TLR4 staining in

Assessment of TLR2 and -4 expression

The two independent researchers (Paarnio K and
Väyrynen S) analysed the expression of TLR2 and TLR4
with a close guidance by an experienced gastrointestinal
pathologist (Karttunen TJ). The assessors were blinded
to the clinical data and the results of assessment of
other patient specimens, such as normal mucosa or
metastases. We assessed separately the intensity and
extent of the staining. Carcinoma cells at the invasive
front and the bulk of the primary tumour, lymph node
metastases if present, and epithelial cells in the normal
mucosa were separately assessed. The intensity of
the staining was assigned using a four-point scale
[negative (0), weak (1), moderate (2), and strong
(3)], and the extent of staining was assigned as a
percentage of positive cells (0%-100%). If there was
more than one step difference in the intensity score or
over 30% difference in the percentages between the
two assessors, a consensus was reached after joint re[20]
evaluation . Otherwise, we used the mean values
of the two assessors. Histoscore (0-300) for tissue
samples was obtained by multiplying the intensity

WJG|www.wjgnet.com

4833

July 14, 2017|Volume 23|Issue 26|

Paarnio K et al . TLR2 and TLR4 in CRC
Table 2 Tumour features n (%)

Table 1 Characteristics of 118 patients with colorectal
carcinoma n (%)

Whole study group Survival in 5-yr follow-up
Whole study group Survival in 5-yr
follow-up
Gender
Male
Female
Age, median (range)
Other morbidities
No
Yes
Other neoplasm
No
Sex organs or breast cancer
Other cancer
Colon adenoma
Cancer in family
No/not known
CRC
HNPCC family
Other HNPCC-associated cancer
Other cancer
Type of operation
Radical1
Palliative2
Location of tumour
Proximal colon
Distal colon
Rectum
Multiple tumours

56 (47.5)
62 (52.5)
69 (36-89)

35 (62.5)
36 (58.1)

27 (22.9)
91 (77.1)

16 (59.3)
55 (60.4)

109 (92.4)
2 (1.7)
3 (2.5)
4 (3.4)

62 (56.9)
2 (100.0)
3 (100.0)
4 (100.0)

104 (88.1)
8 (6.8)
2 (1.7)
3 (2.5)
1 (0.8)

59 (56.7)
7 (87.5)
2 (100.0)
2 (66.7)
1 (100.0)

94 (80.3)
23 (19.7)

69 (73.4)
2 (8.7)

46 (39.0)
39 (33.1)
32 (27.1)
1 (0.8)

27 (58.7)
25 (64.1)
18 (56.3)
1 (100.0)

Stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Grade
Ⅰ
Ⅱ
Ⅲ
Data missing
Lymph node metastasis
No
Yes
Distant metastasis
No
Yes
Mucinous carcinoma
No
Yes
Data missing

15 (83.3)
37 (77.1)
16 (53.3)
3 (13.6)

17 (14.4)
86 (72.9)
14 (11.9)
1 (0.8)

13 (76.5)
53 (61.6)
5 (35.7)
0 (0)

72 (61.0)
46 (39.0)

53 (73.6)
18 (39.1)

96 (81.4)
22 (18.6)

68 (70.8)
3 (13.6)

99 (83.9)
10 (8.5)
9 (7.6)

59 (59.6)
6 (60.0)

free survival, we grouped cases according to the intensity
of staining into two categories: weak staining, with an
intensity score less than 2, and strong staining, with
an intensity score of 2 or higher.
The most significant finding was the association
between strong TLR4 expression in the tumour front
and 36.9% (p = 0.044) better cancer-specific survival
with cancer of the proximal colon compared with weak
TLR4 expression (Table 5). Strong TLR4 expression in
the invasive front also was linked to 14.8% (62.9% vs
48.1%, p = 0.19) better overall survival compared with
weak expression; in the tumour bulk, the difference
in survival was 18.4% (65.8% vs 47.4%, p = 0.071).
The same tendency was seen even more distinctly in
the proximal colon: strong expression in both the front
and bulk was linked to 28.3% (64.7% vs 36.4%, p =
0.16) better survival; in lymph node metastases, the
difference in survival was 50% (50% vs 0%, p = 0.23).
In a stage-adjusted Cox model, strong TLR4
expression showed a trend to association with a better
prognosis; in the tumour front, the HR for overall
survival was 1.8 (p = 0.074, 95%CI: 0.9-3.3), and
in the tumour bulk, it was 1.7 (p = 0.059, 95%CI:
1.0-3.1). There was no significant association between
TLR expression and disease-free survival.
TLR2 expression did not associate with overall,
cancer-specific, or disease-free survival. In the tumour
front, weak TLR2 expression showed some nonsignificant trend to an association with better diseasefree survival than strong expression (92.3% vs 75%,
p = 0.28); for expression in lymph node metastases,
the difference was even higher (66.7% vs 36.8%, p
= 0.23). Similarly, there was a tendency to a better
outcome with weak TLR2 expression in lymph node
metastasis in the cancer of the distal colon or rectum;
the overall survival was 30.6% (60% vs 29.4%, p =

1

Radically operated distant metastases in a second operation in one case;
Metastases treated non-operatively in two cases (both alive at 5-year
follow-up).
2

the invasive front was associated with metastasis and
higher TNM stage. Weak staining was present in 50%
(11/22) of the cases with metastases, 17% (16/94) of
those without metastases (p = 0.001), 23.5% (4/17)
in stageⅠ, 19.1% (9/47) in stage Ⅱ, 10.0% (3/30) in
stage Ⅲ, and 50.0% (11/22) in stage Ⅳ (p = 0.009).
Weak staining in lymph node metastases also was
associated with advanced disease: weak intensity was
present in 0% (0/1) of lymph node metastases in
stage Ⅱ, 7.4% (2/27) in stage Ⅲ, and 40.0% (6/15)
in stage Ⅳ (p = 0.028).
TLR2 and TLR4 expression was similar in con
ventional and serrated carcinomas (data not shown).
There also was no association with the presence of
a mucinous component. However, tumours with a
low WHO grade showed a tendency to strong TLR2
expression in the tumour front and lymph node meta
stases. In the invasive front, TLR2 expression was
strong in 80% of gradeⅠ , 87.2% of grade 2, and
64.3% of grade 3 tumours (p = 0.078); in the lymph
node metastases, strong TLR2 expression was seen
in 100% of grade 1, 63.6% of grade 2, and 25% of
grade 3 tumours (p = 0.063).

TLR2 and TLR4 expression and survival

To assess the effect of TLR2 and TLR4 expression on
overall survival, cancer-specific survival, and disease-
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A

B

A

Figure 1 Immunohistochemical stainings for toll-like receptor 2 (A) and
toll-like receptor 4 (B) in normal colorectal mucosa. Weak TLR2 expression
is present in the deeper parts of the crypt epithelium and moderate expression
in uppermost part of the crypts and the surface (A). TLR4 expression shows
a similar gradient, however, with a moderate expression in the lower parts of
the crypts and strong in the surface (B). Reference lines, 50 μm. TLR: toll-like
receptor.

B

Figure 2 Immunohistochemical stainings for toll-like receptor 2 (A) and
toll-like receptor 4 (B) in a case of colorectal carcinoma. Moderate to strong
TLR2 expression in the carcinoma cells is present in both the invasive front
(lower part of the Figure) and in the tumor bulk (upper part of the Figure; A). In
contrast, corresponding view showing TLR4 staining indicates that expression
is moderate to weak in the front (lower part) and weak to negative in the bulk
(upper part; B). Reference lines, 50 μm. TLR: toll-like receptor.

Table 3 Mean intensities and histoscores of immunostaining

Invasive front
Normal mucosa
Invasive front
Lymph node
Tumour bulk
Normal mucosa
Tumour bulk
Lymph node
Lymph node
Normal mucosa
Invasive front
Tumour bulk

TLR2 intensity,
mean ± SD

P value

TLR2 histoscore,
mean ± SD

2.3 ± 0.6
1.4 ± 0.7
2.2 ± 0.7
1.8 ± 0.7
2.3 ± 0.6
1.4 ± 0.7
2.2 ± 0.6
1.8 ± 0.7
1.8 ± 0.7
1.4 ± 0.7
2.3 ± 0.6
2.3 ± 0.6

< 0.001

224 ± 67
129 ± 72
210 ± 77
180 ± 72
224 ± 65
129 ± 72
216 ± 65
180 ± 72
179 ± 70
127 ± 71
225 ± 66
225 ± 64

0.006
< 0.001
0.007
0.011
0.55

P value
< 0.001
0.054
< 0.001
0.011
0.003
> 0.9

TLR4 intensity,
mean ± SD

P value

TLR4 histoscore,
mean ± SD

2.2 ± 0.6
2.6 ± 0.6
2.2 ± 0.6
2.4 ± 0.7
2.0 ± 0.7
2.6 ± 0.6
2.0 ± 0.6
2.4 ± 0.7
2.4 ± 0.7
2.7 ± 0.5
2.3 ± 0.6
2.0 ± 0.7

< 0.001

223 ± 66
243 ± 77
216 ± 68
241 ± 70
197 ± 73
244 ± 78
194 ± 69
241 ± 70
238 ± 70
251 ± 72
223 ± 66
197 ± 73

0.060
< 0.001
0.001
0.017
< 0.001

P value
0.024
0.048
< 0.001
0.001
0.40
< 0.001

Mean values vary due to missing samples. TLR: toll-like receptor.

DISCUSSION

Table 4 Comparison of mean intensities of immunostainings
between toll-like receptors 2 and 4
Intensity, P value Histoscore, P value
mean ± SD
mean ± SD
Tumour bulk
TLR2
TLR4
Invasive front
TLR2
TLR4
Lymph node
TLR2
TLR4
Normal mucosa
TLR2
TLR4

In this study, we found that weak TLR4 expression in
the invasive front was associated with poor prognosis
in CRC, linked to distant metastases and worse
cancer-specific survival. Loss of TLR4 in carcinomas
in comparison to normal mucosa supports the idea of
a potential tumour suppressor role for the protein. In
contrast, TLR2 expression was increased in carcinomas
independent of stage, which is in agreement with
[8]
previous reports . The association with weak TLR2
expression in lymph nodes and better prognosis did
not reach significance at the 5% level, even though
30.6% better overall survival seems clinically notable
for subgroup analysis; however, a bigger sample size
would be needed to make any conclusions. Considering
that both TLR2 and TLR4 receptors activate the same
[21]
cascade , TLR2 upregulation and TLR4 downregulation
during progression from normal mucosa to carcinoma
indicate the occurrence of a distinct set of alterations in
the innate immune response during the development

n

2.3 ± 0.6
2.0 ± 0.7

< 0.001

225 ± 64
198 ± 73

< 0.001

117
117

2.3 ± 0.6
2.3 ± 0.6

0.55

225 ± 66
223 ± 66

0.83

116
116

1.8 ± 0.7
2.4 ± 0.7

< 0.001

180 ± 71
241 ± 70

< 0.001

43
43

1.4 ± 0.7
2.6 ± 0.6

< 0.001

129 ± 72
243 ± 79

< 0.001

114
114

N values vary due to missing samples. TLR: toll-like receptor.

0.22), and cancer-specific survival was 24.7% (60%
vs 35.3%, p = 0.26) higher than with strong TLR2
expression.
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Table 5 5-year cancer-specific survival in percent (number of cases) vs intensity of staining in the tumour bulk, invasive front, and
lymph node metastases n (%)

TLR2

Tumour bulk
Invasive front
Lymph node

TLR4

Tumour bulk
Invasive front
Lymph node

Intensity of staining

Whole colon

Weak
Strong
Weak
Strong
Weak
Strong
Weak
Strong
Weak
Strong
Weak
Strong

14 (63.6)
71 (74.7)
14 (73.7)
70 (72.2)
9 (50.0)
10 (40.0)
25 (65.8)
60 (75.9)
17 (63.0)
67 (75.3)
2 (25.0)
17 (48.6)

P value1
0.43
> 0.9
0.55
0.27
0.33
0.27

Proximal colon
4 (66.7)
29 (74.4)
6 (66.7)
27 (75.0)
3 (37.5)
3 (42.9)
7 (63.6)
26 (76.5)
5 (45.5)
28 (82.4)
0 (0.0)
6 (50.0)

P valu1

Distal colon and rectum

0.65
0.68
> 0.9
0.45
0.044
0.23

9 (60.0)
42 (75.0)
8 (80.0)
42 (70.0)
6 (60.0)
6 (35.3)
18 (66.7)
33 (75.0)
12 (75.0)
38 (70.4)
2 (40.0)
10 (45.5)

P value1
0.33
0.71
0.26
0.59
> 0.9
> 0.9

1 2

χ test/Fisher’s exact test. N values vary due to missing samples; One case with multiple tumours excluded from location-based analysis; Weak intensity <
2 and strong intensity ≥ 2.

of CRC.
TLR4 expression was significantly higher in normal
mucosa compared to any cancer samples. Reports on
inflammatory bowel disease-associated cancers have
yielded contrasting results, and higher TLR4 expression
[9,22]
in CRC compared to normal mucosa has been found
.
The increased TLR4 expression compared to normal
[23]
tissue also has been reported in sporadic CRC , and
another study demonstrated a correlation between high
[10]
expression of TLR4 and advanced disease . Yet results
also have been published showing that the loss of TLR4
[24]
correlates with increased metastatic status , and
TLR4 expression by tumour cells has been significantly
[25]
associated with a lower rate of tumour recurrence .
[8]
Nihon-Yanagi et al showed equally weak TLR4 ex
pression in both cancerous and noncancerous tissue
in general, but higher expression in the cancer of the
proximal colon.
In addition to variable detection methods used,
the differences in the analysis schemes are likely
explanations for the conflicting results. Previous studies
have not examined expression separately in the
tumour bulk and invasive front, which we considered to
be crucial because tumour infiltration and progression
occur in the invasive front. Furthermore, the peritu
moural immune reaction and tumour budding at the
invasive front have a profound effect on survival in
CRC. Functional polymorphisms of TLR2 and -4 show
association with the risk and features of CRC, such as
differentiation, advanced stage, lymph node status,
[26,27]
and metastasis, and also affect expression levels
.
Accordingly, occurrence of TLR polymorphisms may
contribute to contradictory results of expression analyses
and warrant further studies.
In normal colorectal mucosa in the current work,
gradual accumulation of TLR2 and TLR4 were associated
with the location of the epithelial cells, with the highest
expression in the surface. In addition to possibly being
linked to maturation of epithelial cells, this gradient
might reflect the abundance of ligands originating
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from the luminal flora in this region. Also in CRCs,
there was a distinct variation in expression in specific
tumour compartments. We found that TLR4 expression
in the invasive front was significantly stronger than
in the tumour bulk and that lymph node metastases
expressed TLR4 more strongly than either the bulk or
the front. These findings suggest that areas of tumour
with active invasion have higher TLR4 expression,
which we speculate might be related to induction by
endogenous ligands released from dead or damaged
[28]
cells and matrix .
Again, TLR2 was different, showing similarity
between the tumour bulk and the invasive front,
and lymph node metastases showed less intensive
expression than the primary lesion. However, our
findings suggest (p = NS) that if TLR2 expression
in lymph node metastases is strong, the prognosis
weakens. Because intratumoural or intranodal
differences in the supply of microbiological ligands to
these TLRs do not likely differ, the observed locationrelated differences might be related to other factors
regulating TLR expression, like mediators from the cells
in the microenvironment, including endogenous TLR
[29]
ligands released along with invasion . We speculate
that the sum effect of these factors is different in
terms of expression of TLR4 and TLR2. Our finding
of increased TLR4 expression and decreased TLR2
expression in metastatic carcinoma cells suggests
either some selection based on TLR expression levels
during the metastatic cascade or that regulatory
signals from the lymph node parenchyma cells have
opposite effects on TLR2 and TLR4 expression.
High TLR4 expression in the invasive front was
related to better prognosis. In the proximal colon, the
benefit in terms of cancer-specific survival was 36.9%
(p = 0.044), and in overall survival, it was 28.3% (p
= 0.16). Tumour bulk showed the same pattern, and
in lymph node metastasis, the overall survival benefit
was as high as 50%, but likely because of our small
sample size, these clinically highly notable differences
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Peritumoural inflammation is linked to CRC development and prognosis. tolllike receptor 2 (TLR2) and TLR4 are receptors detecting bacteria and activating
the signalling cascade leading to inflammation response.

did not reach statistical significance. In line with our
[24]
findings, Simiantonaki et al
showed that a loss of
TLR4 correlated with the presence of metastases, and
[25]
Eiró et al found that TLR4 expression was associated
with a lower rate of recurrence.
Mechanisms linking high TLR4 expression with
better survival and rarity of metastases remain specula
[30]
tive. Our earlier studies
have shown that highgrade peritumoural inflammation is associated with
good prognosis, and this finding has also been used in
Klintrup-Mäkinen grading; thus, it would be plausible
that stronger TLR4 expression would contribute to
a stronger inflammatory cell response, eventually
protecting against cancer progression. Simiantonaki et
[24]
al suggested that during CRC development, immunemediated signals downregulate the level of TLR4
expression and that epithelial cells consequently do not
respond to lipopolysaccharide with an inflammatory
reaction. Thus, the lack of immune response in the
tumour would lead to tumour progression. Additionally,
they suggested that the loss of TLR4 is linked to
[24]
the lack of an anti-tumoural immune response .
Considering the complexity of the relationship among
inflammation, immunity, and cancer, it is not surprising
that other studies have reported contrasting findings.
In the tumour microenvironment, the inflammatory
component may either destroy neoplastic cells or
potentiate tumour progression depending on the
molecular combinations and expression levels.
Both TRL2 and TLR4 recognize bacteria, and TLR2
[7,11]
also fungal and viral proteins
. Recent findings
suggest, that gut microbes may play a role in CRC
[31]
development , but a lot of questions remain, and
need further investigation. When it comes to viruses,
a recent meta-analysis supports the association of
cytomegalovirus infection with colorectal tumour
[32]
formation . Supporting possible role of Cytome
galovirus, levels of Cytomegalovirus protein were
reported to correlate with those of TLR2 and TLR4 in
CRC, and Cytomegaloovirus infection in a colorectal
[33]
carcinoma cell line induced TLR2 production .
In conclusion, our study shows that TLR2 is
upregulated and TLR4 downregulated in CRC. Low
expression of TLR4 at the invasive front associates
with short survival, but for TLR2, possible value as
prognostic markers could not be established. Further
studies with larger study groups are needed to clarify
the role of these receptors in the development and
prognosis of CRC.

Research frontiers

The previous knowledge of the role of TLR2 and TLR4 in CRC was scarce or
conflicting. However, there were some results suggesting TLR2 upregulation in
CRC, but the studies concerning the role of TLR4 in CRC were controversial.

Innovations and breakthroughs

This study shows TLR4 downregulation and TLR2 upregulation in CRC, and low
expression of TLR4 in the invasive front of the tumour predicts poor prognosis
and metastatic disease.

Applications

These findings give new information of the role of TLR2 and TLR4 in CRC
development and prognosis, and can serve as a ground for further studies
aiming for better understanding of the factors affecting the course of CRC and
more effective and individualized treatment strategies.

Peer-review

In this study the expression of TLR2 and TLR4 in colorectal carcinoma have
been investigated. It is observed that TLR4 expression was significantly weaker
but TLR2 expression stronger in carcinoma cells when compared to normal
mucosa. Moreover, down-regulation of TLR4 in the invasive front of CRC
predicted poor prognosis and metastatic disease. Basically this is a well-written
study of an interesting topic.
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Abstract
AIM
To determine the diagnostic accuracy of two-dimen
sional shear wave elastography (2D-SWE) for the noninvasive assessment of liver fibrosis in patients with
autoimmune liver diseases (AILD) using liver biopsy as
the reference standard.
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from all the patients.
Conflict-of-interest statement: The authors declare no financial
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METHODS
Patients with AILD who underwent liver biopsy and
2D-SWE were consecutively enrolled. Receiver operating
characteristic (ROC) curves were constructed to assess
the overall accuracy and to identify optimal cut-off
values.
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RESULTS
The characteristics of the diagnostic performance were
determined for 114 patients with AILD. The areas
under the ROC curves for significant fibrosis, severe
fibrosis, and cirrhosis were 0.85, 0.85, and 0.86,
respectively, and the optimal cut-off values associated
with significant fibrosis (≥ F2), severe fibrosis (≥ F3),
and cirrhosis (F4) were 9.7 kPa, 13.2 kPa and 16.3
kPa, respectively. 2D-SWE showed sensitivity values of
81.7% for significant fibrosis, 83.0% for severe fibrosis,
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dard for the evaluation of liver fibrosis . However, LB
is an invasive procedure, limiting its use for screening
and frequent follow-up. The demand for a non-invasive
and reliable test to evaluate liver fibrosis in patients
with AILD has increased.
Two-dimensional shear wave elastography (2D-SWE),
an ultrasound elastography technique based on shear
waves that is available on a clinical diagnostic ultra
sound scanner, has been used to non-invasively measure
[4]
liver fibrosis . The 2D-SWE technique creates a realtime, two-dimensional quantitative map of liver tissue
stiffness under the guidance of very-high-frame-rate
[5]
B mode imaging . This method has good diagnostic
accuracy for the staging of liver fibrosis in patients
[6-11]
with chronic liver diseases
. However, studies on
the use of 2D-SWE to assess histologically confirmed
liver fibrosis in patients with AILD have not been
published. AILD are considered a relatively uncommon
etiology in the Asia-Pacific region, where viral hepatitis
is the primary diagnosis in the majority of patients
with chronic liver diseases. However, based on recent
findings, the prevalence of both AIH and PBC is
[12]
increasing worldwide . Despite advances in the under
standing and treatment of AILD, areas of unmet need
remain.
Therefore, the goal of this study was to assess the
diagnostic accuracy of 2D-SWE for the non-invasive
staging of liver fibrosis in patients with AILD. LB
samples that were scored with the histology-based
METAVIR staging system were used as the diagnostic
reference standard.

and 87.0% for cirrhosis, and the respective specificity
values were 81.3%, 74.6%, and 80.2%. The overall
concordance rate of the liver stiffness measurements
obtained using 2D-SWE vs fibrosis stages was 53.5%.
CONCLUSION
2D-SWE showed promising diagnostic performance for
assessing liver fibrosis stages and exhibited high cut-off
values in patients with AILD. Low overall concordance
rate was observed in the liver stiffness measurements
obtained using 2D-SWE vs fibrosis stages.
Key words: Autoimmune liver disease; Liver fibrosis;
Two-dimensional shear wave elastography; Ultrasound;
Liver stiffness
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The study determined the diagnostic
accuracy of two-dimensional shear wave elastography
(2D-SWE) for the non-invasive assessment of liver
fibrosis in patients with autoimmune liver diseases
(AILD) using liver biopsy as the reference standard.
The characteristics of the diagnostic performance were
determined for 114 patients with AILD. The areas
under the receiver operating characteristic curves for
significant fibrosis, severe fibrosis, and cirrhosis were
0.85, 0.85 and 0.86, respectively, and the optimal
cut-off values were 9.7 kPa, 13.2 kPa and 16.3 kPa,
respectively. 2D-SWE showed promising diagnostic
performance in assessing liver fibrosis stages and ex
hibited high cut-off values in patients with AILD.

MATERIALS AND METHODS

Zeng J, Huang ZP, Zheng J, Wu T, Zheng RQ. Non-invasive
assessment of liver fibrosis using two-dimensional shear wave
elastography in patients with autoimmune liver diseases. World
J Gastroenterol 2017; 23(26): 4839-4846 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i26/4839.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i26.4839

Study design and participants

Informed consent was obtained from all patients,
and the study including the 2D-SWE examination
was approved by the clinical medical research ethics
committee of our hospital. One hundred and thirtynine patients with AILD who underwent LB and
2D-SWE examinations were enrolled consecutively
between April 2011 and March 2016. The diagnoses
of AIH, PBC and PSC in all patients were confirmed by
[13-18]
histological evidence
. All patients were not under
immunosuppressive treatment at time of the LB and
2D-SWE examinations. The time intervals between LB
and 2D-SWE were less than three days. The exclusion
criteria included: patients younger than 18 years; a lack
of consent for the 2D-SWE examination or LB; chronic
liver disease accompanied by hepatitis virus infection or
another disease; and LB samples less than 15 mm long
or with fewer than 6 portal tracts under the microscopic
examination. The following data were collected from all
patients: liver stiffness measurements (LSM) obtained
using 2D-SWE; fibrosis stages; necroinflammatory
activity grades; age; gender; weight; height; alanine
aminotransferase, aspartate aminotransferase, serum
alkaline phosphatase (ALP), gamma-glutamyl trans
peptidase, total bilirubin, and serum albumin con

INTRODUCTION
Autoimmune liver diseases (AILD) are a group of
diseases characterized by an anomalous immune
response that is directed at hepatocytes or bile ducts
along with the presence of serum antimitochondrial
antibodies and a potential tendency to progress to
cirrhosis. Autoimmune hepatitis (AIH), primary biliary
cholangitis (PBC), and primary sclerosing cholangitis
(PSC) are the three major forms of AILD, which differ
according to the focus of the autoimmune injury, the
[1,2]
pattern of inflammation, and the clinical phenotype .
These diseases are important because they may result
in chronic liver damage with fibrosis and cirrhosis. An
evaluation of the degree of liver fibrosis is important
for determining medical management and prognosis.
Liver biopsy (LB) is still considered the reference stan
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centrations; platelet count; and prothrombin activity.
Body mass index was calculated as body weight (kg)/
2
[height (m )].

and F4: cirrhosis . Significant fibrosis was defined
as stage F2 or higher, and severe fibrosis was defined
as stage F3 or higher. Necroinflammatory activity
was graded as follows: A0 = none; A1 = mild; A2 =
[19]
moderate; and A3 = severe .

2D-SWE

2D-SWE was performed within three days of LB.
Two radiologists (Zeng J and Zheng J) performed the
2D-SWE examinations. Both radiologists had at least 6
mo of experience in performing 2D-SWE examinations.
The radiologists were blinded to the patients’ clinical
information and pathology results. 2D-SWE was
performed using the Aixplorer US system (SuperSonic
Imagine, France) with a convex broadband probe
(SC6-1, 1-6 MHz). All patients had fasted for at least
6 h prior to the examination. 2D-SWE measurements
were obtained from the right lobe of the liver through
the intercostal spaces when the patient was lying in
the supine position and the right arm was positioned in
maximal abduction. The operator positioned the target
area of the liver under the guidance of conventional,
real-time B-mode imaging. When the target area was
located, SWE was launched, and the patient was asked
to hold his or her breath for approximately 5 s during a
quiet breathing period. The elasticity image box, which
was approximately 4 cm × 3 cm, was set 1-2 cm deeper
than Glisson’s capsule of the liver and in an area of the
liver parenchyma that was free of large vessels.
A circular region of interest with a 2-cm diameter
was drawn inside the elasticity image box, and the
mean, minimum and maximum liver stiffness and SD
were calculated (Figure 1). The mean value was used
to represent the LSM for each 2D-SWE image. Five
consecutive 2D-SWE images were obtained for each
patient. Each measurement was performed during
a separate breath hold. The mean value of the five
2D SWE measurements was calculated for statistical
analysis. The entire 2D-SWE examination lasted three
to five minutes for each patient. Five consecutive
2D-SWE images were obtained from each patient.
Measurements were considered failures when no or
little signal was obtained in the SWE box for any of the
[8]
acquisitions .

Statistical analysis

The demographic, clinical, and laboratory values are
summarized using descriptive statistics. The data
were first tested for normality using the one-sample
Kolmogorov-Smirnov test. Spearman’s rank coefficient
was used to determine the correlation between two
study variables. Receiver operating characteristic
(ROC) curves were constructed to assess the overall
accuracy of the LSMs and to identify optimal cut-off
values. Areas under the ROC curves (AUROCs) were
compared using the method described by DeLong et
[20]
al
for correlated data. The optimal cut-off values
[21]
were the points with the highest Youden’s index . The
sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) were calculated
from the same data. The positive likelihood ratio (LR+)
and negative likelihood ratio (LR-) were calculated
from the respective sensitivity and specificity values.
All factors collected from patients with AILD were
entered in a multivariate logistic model to analyze the
disagreement between LSMs obtained using 2D-SWE
and significant fibrosis or cirrhosis. ORs were estimated
from the model and are presented with their 95%CIs.
Continuous variables, such as age, were dichotomized
around the median (46 years), unless a cut-off was
considered clinically relevant.
All statistical tests were two-sided, and the
alpha value was set at 0.05. Statistical analyses
were performed using SPSS software for Windows,
version 13.0 (SPSS, Chicago, IL, United States), and
MedCalc software, version 12.7.0 (MedCalc Software,
Mariakerke, Belgium).

RESULTS
Patients

One hundred and thirty-nine patients were enrolled
in the study. Twenty-two patients were not included
based on the exclusion criteria, including 2 patients
who were younger than 18 years, 14 patients with
biopsy samples less than 15 mm long or with fewer
than six portal tracts under the microscope, 1 patient
with a hepatitis A virus coinfection, 3 patients with
hepatitis B virus coinfections, and 2 patients with
hepatitis C virus coinfections. Therefore, 117 patients
with AILD defined by a reliable reference standard
were consecutively enrolled in the study. The 2D-SWE
examination failed in three patients. Therefore, 114
patients with reliable LSMs obtained using 2D-SWE
were used to assess diagnostic accuracy. The
characteristics of the 114 patients are summarized
in Table 1. Fibrosis conditions that were scored as
significant fibrosis (≥ F2), severe fibrosis (≥ F3),

Analysis of liver histology

Ultrasonography-assisted percutaneous LB was
performed in the right liver lobe using a 16-gauge
Magnum needle (Bard, Tempe, AZ). The LB specimens
were fixed in formalin and embedded in paraffin.
The biopsy specimens were analyzed by two expert
liver pathologists with more than 10 and 20 years
of experience, respectively, and who were blinded
to the results of 2D-SWE but not to the clinical and
biochemical data for each patient. Liver fibrosis and
necroinflammatory activity were semiquantitatively
[19]
evaluated using the METAVIR scoring system . Liver
fibrosis was staged on a scale from 0 to 4 according
to the METAVIR scoring system: stage F0: no fibrosis;
F1: portal fibrosis without septa; F2: portal fibrosis
and few septa; F3: numerous septa without cirrhosis;
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A

B

Figure 1 Two-dimensional shear wave elastography measurements in the liver. A: Fibrosis stage F1; B: Fibrosis stage F4.

Table 1 Demographic data, blood tests and histological
results in patients with autoimmune liver diseases n (%)
n = 114

Characteristic
Age, yr (SD; range)
Gender, male, n (%)
BMI, kg/m2 (SD; range)
AST, IU/L (IQR; range)
ALT, IU/L (IQR; range)
Alkaline phosphatase, IU/L (IQR;
range)
Gamma-glutamyl transferase, IU/L
(IQR; range)
Total bilirubin, umol/L (IQR;
range)
Serum albumin, g/L (SD; range)
Platelets count, 109/L ((SD; range)
Prothrombin activity, % (SD; range)
METAVIR fibrosis stage1
F0
F1
F2
F3
F4
METAVIR activity grade2
A0
A1
A2
A3

Table 2 Number of patients with autoimmune liver diseases
at different fibrosis stages

45.6 (12.5; 18-74)
21 (18.4)
21.6 (3.0; 15.4-36.4)
84.0 (51.3-148.0;16.0-473.0)
78.5 (49.5-142.0; 9.0-920.0)
208 (110.0-353.0; 47.0-873.0)

F0-F1 (n )

F2 (n )

F3 (n )

F4 (n )

19
8
1
4
32

18
10
1
6
35

9
8
0
7
24

16
4
1
2
23

AIH
PBC
PSC
PBC-AIH
Total

AIH: Autoimmune hepatitis; PBC: Primary biliary cholangitis; PSC:
Primary sclerosing cholangitis; PBC-AIH: PBC-AIH overlap syndrome.

252.0 (111.0-523.8; 16.0-1535.0)
20.3 (13.6-43.6; 3.6-375.8)

Table 3 Median values, inter quartile range, ranges, and P
values of measurements obtained for each fibrosis stage using
two-dimensional shear wave elastography

37.6 (5.0; 25.9-47.0)
188.2 (69.5; 28.0-414.0)
106.6 (22.6; 50.0-158.0)
4 (0.04)
28 (24.6)
35 (30.7)
24 (21.1)
23 (20.2)
2 (0.02)
17 (14.9)
48 (42.1)
47(41.2)

METAVIR stage

F0-F1

F2

F3

F4

Median value, kPa
IQR
Range
P value1

7.7
6.5-9.2
4.9-25.8

11.7
8.3-15.4
4.6-51.7
< 0.001

14.7
12.3-22.3
8.7-67.2
0.009

22.0
18.8-33.3
10.1-45.3
0.011

1

P values refer to differences between consecutive fibrosis stages. IQR:
Inter quartile range.

F0, no fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis and few
septa; F3, numerous septa without cirrhosis; F4, cirrhosis; 2A0, none; A1,
mild; A2, moderate; A3, severe. IQR: Inter quartile range; AST: Aspartate
aminotransferase; ALT: Alanine aminotransferase; BMI: Body mass index.

by 2D-SWE at a given fibrosis stage had significantly
higher median LSMs obtained using 2D-SWE than
patients with less fibrosis (P < 0.05). Spearman’s
correlation coefficients for LSMs and fibrosis stages
were 0.68 (P < 0.001) (95%CI: 0.57-0.77).

and cirrhosis (F4) were detected in 71.9%, 41.2%,
and 20.2% of patients, respectively. The numbers
of patients with different fibrosis stages of AILDs are
reported in Table 2.

Diagnostic performance of 2D-SWE for predicting
significant fibrosis, severe fibrosis and cirrhosis

1

The AUROCs of 2D-SWE for significant fibrosis, severe
fibrosis, and cirrhosis were 0.85 (95%CI: 0.77-0.91),
0.85 (95%CI: 0.77-0.92), and 0.86 (95%CI:
0.78-0.92), respectively (Figure 3). The optimal cutoff values for the different stages of fibrosis were
determined by analyzing the ROCs. The optimal cutoff values associated with significant fibrosis (≥ F2),
severe fibrosis (≥ F3), and cirrhosis (F4) were 9.7
kPa, 13.2 kPa and 16.3 kPa, respectively.

Liver stiffness measured by 2D-SWE at each stage of
fibrosis

The median values, interquartile ranges, ranges, and P
values of the measurements obtained for each fibrosis
stage with 2D-SWE are shown in Table 3. As the fibrosis
stage progressed, the median LSM of the fibrosis stage
increased on 2D-SWE (Figure 2). The LSMs of patients
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Table 4 Performance characteristics of two-dimensional shear wave elastography for staging liver fibrosis in patients with
autoimmune liver diseases

≥ F2

≥ F3

F4

Cutoff, kPa

Se, % (95%CI)

Sp, % (95%CI)

PPV, % (95%CI)

9.71
7.22
7.13
13.21
9.12
8.73
16.31
11.72
10.43

81.7 (71.6-89.4)
93.9 (86.3-98.0)
93.9 (86.3-98.0)
83.0 (69.2-92.4)
95.7 (85.5-9.5)
97.9 (88.7-99.9)
87.0 (66.4-97.2)
95.7 (78.1-99.9)
95.7 (78.1-99.9)

81.3 (63.6-92.8)
40.6 (23.7-59.4)
37.5 (21.1-56.3)
74.6 (62.5-84.5)
52.2 (39.7-64.6)
49.3 (36.8-61.8)
80.2 (70.6-87.8)
57.1 (46.3-67.5)
48.4 (37.7-59.1)

91.8 (83.0-96.9)
80.2 (70.8-87.6)
79.4 (70.0-86.9)
69.6 (55.8-81.3)
58.4 (46.6-69.6)
57.5 (45.9-68.5)
52.6 (35.6-69.2)
36.1 (24.2-49.4)
31.9 (21.2-44.2)

NPV, % (95%CI) LR+, ratio (95%CI) LR-, ratio (95%CI)
63.4 (46.9-77.9)
72.2 (46.5-90.3)
70.6 (44.0-89.7)
86.2 (74.6-93.9)
94.6 (81.5-99.4)
97.1 (84.7-99.9)
96.1 (88.9-99.2)
98.1 (89.8-100.0)
97.8 (88.2-99.9)

4.4 (3.6-5.3)
1.6 (1.0-2.4)
1.5 (1.0-2.4)
3.3 (2.7-4.0)
2.0 (1.6-2.5)
1.9 (1.5-2.5)
4.4 (3.6-5.3)
2.2 (1.8-2.7)
1.9 (1.5-2.3)

0.23 (0.10-0.5)
0.15 (0.06-0.4)
0.16 (0.07-0.4)
0.23 (0.1-0.5)
0.08 (0.02-0.3)
0.04 (0.01-0.3)
0.16 (0.05-0.5)
0.08 (0.01-0.5)
0.09 (0.01-0.6)

1

cut-off values in patients with autoimmune liver diseases; 2cut-off values in patients with chronic hepatitis B; 3cut-off values in patients with chronic
hepatitis C. Se: Sensitivity; Sp: Specificity; PPV: Positive predictive value; NPV: Negative predictive value; LR+: positive likelihood ratio; LR-: negative
likelihood ratio.

70.0



METAVIR stage

F0-F1, ≤ 9.7kPa
F2, > 9.7 to ≤ 13.2 kPa
F3, > 13.2 to ≤ 16.3 kPa
F4, > 16.3 kPa
Cumulative concordance

F0-F1

F2

F3

Concordance
rate
F4 Total

26
3
1
2

13
7
9
6

2
4
8
10

0
2
1
20

41
16
19
38

Liver stiffness measurement (kPa)

Table 5 Analysis of concordance of liver stiffness
measurements obtained using two-dimensional shear wave
elastography vs METAVIR stages

63.4%
43.8%
42.1%
52.6%
53.5%

60.0
50.0
40.0
30.0
20.0
10.0
0.0

The sensitivity, specificity, PPV, NPV, LR+, and LRfor each METAVIR stage are shown in Table 4. Using the
optimal cut-off values, 2D-SWE showed sensitivity and
specificity values of 81.7% and 81.3% for significant
fibrosis, 83.0% and 74.6% for severe fibrosis, and
87.0% and 80.2% for cirrhosis, respectively. The
corresponding optimal cut-off values for patients with
chronic hepatitis B (CHB) were 7.2 kPa, 9.1 kPa and
11.7 kPa, and the corresponding values for patients
with chronic hepatitis C (CHC) were 7.1 kPa, 8.7 kPa
[8,22]
and 10.4 kPa, respectively
. Using the cut-off values
for CHB and CHC, the sensitivity values for assessing
the stages of fibrosis were greater than 90%. However,
trade-offs were observed: the accompanying specificity
values for predicting significant fibrosis were less than
50%, and the accompanying specificity values for
predicting severe fibrosis and cirrhosis fibrosis were
approximately 50%.

F0-1 (32)

F3 (24)

F4 (23)

Fibrosis stages

Figure 2 Liver stiffness measurements obtained using two-dimensional
shear wave elastography in patients with autoimmune liver diseases. The
box plots show the interquartile ranges m (boxes), medians (thick lines), ranges
(thin lines), outside values (circles), and outliers (triangles).

Analysis of factors associated with the disagreement
between LSMs obtained using 2D-SWE and significant
fibrosis or cirrhosis

According to the multivariate logistic regression
analysis, the disagreement between LSMs obtained
using 2D-SWE and cirrhosis was independently asso
ciated with the following factors: age greater than
46 years (OR = 7.5, 95%CI: 1.7-33.3, P = 0.008),
abnormal ALP levels (OR = 14.0, 95%CI: 1.5-129.1,
P = 0.02) and abnormal serum albumin levels (OR =
11.6, 95%CI: 3.2-42.0, P < 0.001). No factors were
significantly associated with the disagreement between
LSMs obtained using 2D-SWE and significant fibrosis.

Concordance rates of the LSMs obtained using 2D-SWE
vs METAVIR stages

Table 5 shows the concordance rates of the LSMs
obtained using 2D-SWE vs METAVIR stages. Overall,
2D-SWE correctly classified 61 of 114 (53.5%) patients.
2D-SWE returned the highest rates of correctly classi
fied patients at the F0-1 stage at 63.4%. 2D-SWE
showed lower rates of correctly classified patients at
other stages, particularly the F2 and F3 stages. The
concordance rates of the F2 and F3 stages were less
than 50%.

WJG|www.wjgnet.com

F2 (35)

DISCUSSION
This study included a cohort of patients with AILD and
aimed to evaluate the diagnostic accuracy of 2D-SWE
for the non-invasive staging of hepatic fibrosis using
LB as the reference standard. AILD are divided into
two groups; the first group is predominantly chara
cterized by hepatocellular damage and its prototype is
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Figure 3 Area under the receiver operating characteristic curves for two-dimensional shear wave elastography in assessing liver fibrosis in patients with
autoimmune liver diseases. A: Significant fibrosis (≥ F2); B: Severe fibrosis (≥ F3); C: Cirrhosis (F4).

AIH. The second group is characterized by cholestasis
[23]
and includes PBC and PSC . AIH, PBC and PSC
represent complex disorders, as they result from
interactions between genetic and environmental
factors. In AIH, autoimmune injury affects hepatocytes,
leading to the histological manifestation of interface
hepatitis. In PBC, autoimmune injury affects the small,
interlobular bile ducts, causing the typical appearance
of non-suppurative, destructive cholangitis. In PSC,
autoimmune or immune-mediated injury affects the
medium-sized intra- and extrahepatic bile ducts,
causing concentric and obliterative fibrosis and
[1]
multifocal bile duct structuring . However, AIH, PBC and
[24,25]
PSC share pathophysiologic mechanisms
. Overlap
syndromes encompass a small group of patients within
the spectrum of AILD that may have characteristics of
[17]
cholestasis (PBC or PSC) in combination with AIH . In
our study, 62 patients were diagnosed with AIH and 30
patients diagnosed with PBC. Overlap syndromes of AIH
and PBC were diagnosed in 19 (16.7%) of 114 patients.
Therefore, we used the patients with AILD as the study
cohort.
Although 2D-SWE has been widely recognized as a
reliable method to assess liver fibrosis in recent years,
the diagnostic performance of 2D-SWE for assessing
liver fibrosis stages in patients with AILD remains
unclear. The 2D-SWE examinations performed in our
study were successful in all but 3 of the 117 patients.
We concluded that 2D-SWE provides a very high
percentage of interpretable test results. Our results
regarding the rate of successful 2D-SWE measurement
in patients with AILD were similar to those reported
in a previous study using 2D-SWE in patients with
[22]
CHB .
Previous studies reported the diagnostic accuracy
of 2D-SWE for the detection of fibrosis stage in
patients with CHB or CHC when the histology-based
METAVIR staging system was used as the diagnostic
[8,11]
reference standard
. The METAVIR staging system
is simple and practical and is widely used for liver
fibrosis staging in patients with chronic liver diseases.
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In our study, we also used the METAVIR staging
system as the diagnostic reference standard. AUROCs
for the identification of significant fibrosis and cirrhosis
were approximately 0.85 and 0.86, respectively. Stage
F2 or greater indicates the beginning of progressive
liver disease and therefore suggests a stronger
indication to initiate treatment; thus, 2D-SWE may
serve as a screening tool to differentiate patients with
significant fibrosis from patients without. Cirrhosis is
the end stage of chronic liver disease. 2D-SWE may
also be used to differentiate patients with cirrhosis
from those without. According to previous studies,
AUROCs of 2D-SWE for predicting significant fibrosis,
severe fibrosis, and cirrhosis were 0.88, 0.93 and
0.98 in patients with CHB and 0.92, 0.98 and 0.98
[8,11]
in patients with CHC, respectively
. In our study,
moderate diagnostic performance for assessing liver
fibrosis stages was observed in patients with AILD,
with AUROCs of approximately 0.85. The AUROCs in
patients with AILD were lower than those in patients
with CHB or CHC. In our series, 2D-SWE correctly
classified 53.5% of patients with AILD. The concordance
rates were also lower for 2D-SWE vs METAVIR stages in
[8,22]
patients with CHB or CHC
.
The optimal cut-off values associated with signifi
cant fibrosis, severe fibrosis and cirrhosis in patients
with AILD determined by the ROC analysis were
9.7 kPa, 13.2 kPa and 16.3 kPa, respectively. The
corresponding optimal cut-off values in patients with
CHB were 7.2 kPa, 9.1 kPa and 11.7 kPa, and the
corresponding values for patients with CHC were 7.1
[8,22]
kPa, 8.7 kPa and 10.4 kPa, respectively
. Thus,
the optimal cut-off values in patients with AILD were
markedly higher than the values in patients with CHB
or CHC. Using the optimal cut-off values calculated
from the ROC curves in our study, 2D-SWE showed
sensitivity values of greater than 80% and the corre
sponding specificity values were approximately 80%.
Using the cut-off values for CHB or CHC, the sensitivity
values for assessing the stages of fibrosis were greater
than 90%, but the accompanying specificity values
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were very low. Fibrosis stages would be overestimated
using the cut-off values for CHB or CHC in patients
with AILD. Therefore, the cut-off values for CHB and
CHC were not appropriate for patients with AILD. The
lower diagnostic accuracy and higher cut-off values
might be characteristics of 2D-SWE for assessing liver
fibrosis in patients with AILD, and differences in patient
populations and etiology might explain the differences
in these results.
This study has certain limitations that warrant
discussion. First, our study used patients with AILD
as its cohort. Patients with AIH, PBC and PSC were
not separately analyzed. Second, the distribution of
patients across all fibrosis stages was not uniform, as a
very low percentage of enrolled patients were at stage
F0. Third, the LB did not meet the American Society
for the Study of Liver Diseases criteria of being at least
[26]
2-3 cm in length with at least 11 portal tracts ; also,
agreement between the readers of the liver biopsies
was not assessed in our study. Fourth, although other
ultrasound techniques have been used to evaluate liver
fibrosis, such as transient elastography (FibroScan;
Echosens) and acoustic radiation force impulse (ARFI;
Siemens Healthcare), we only evaluated 2D-SWE.
In conclusion, 2D-SWE showed promising diag
nostic performance for assessing the liver fibrosis
stages and exhibited high cut-off values in patients
with AILD; however, the concordance rates of the
LSMs obtained using 2D-SWE vs METAVIR stages were
low. Our study opens possibilities for a non-invasive
assessment of fibrosis progression in patients suffering
from ALID.

2D-SWE, an ultrasound elastography technique based on shear waves that is
available on a clinical diagnostic ultrasound scanner, has been used to noninvasively measure liver fibrosis. The 2D-SWE technique creates a real-time,
two-dimensional quantitative map of liver tissue stiffness under the guidance of
very-high-frame-rate B mode imaging.
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Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
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Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg

III

Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
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Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

Indiad
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
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Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot

IV

Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
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Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
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Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona

VII

Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
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EDITORIAL

Evolving role of the endoscopist in management of
gastrointestinal neuroendocrine tumors
Cemal Yazici, Brian R Boulay
recognized over the past few decades. Luminal NETs
originate from the submucosa of the gastrointestinal
tract and careful endoscopic exam is a key for
accurate diagnosis. Despite their reputation as
indolent tumors with a good prognosis, some NETs
may have aggressive features with associated poor
long-term survival. Management of NETs requires
full understanding of tumor size, depth of invasion,
local lymphadenopathy status, and location within
the gastrointestinal tract. Staging with endoscopic
ultrasound or cross-sectional imaging is important for
determining whether endoscopic treatment is feasible.
In general, small superficial NETs can be managed
by endoscopic mucosal resection and endoscopic
submucosal dissection (ESD). In contrast, NETs larger
than 2 cm are almost universally treated with surgical
resection with lymphadenectomy. For those tumors
between 11-20 mm in size, careful evaluation can
identify which NETs may be managed with endoscopic
resection. The increasing adoption of ESD may improve
the results of endoscopic resection for luminal NETs.
However, enthusiasm for endoscopic resection must be
tempered with respect for the more definitive curative
results afforded by surgical treatment with more
advanced lesions.
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Core tip: Neuroendocrine tumors (NETs) are uncommon
but increasingly recognized gastrointestinal neoplasms.
Management of NETs requires full understanding
of tumor size, depth of invasion, lymphadenopathy,
and location within the gastrointestinal tract. Small
NETs can be removed by endoscopic techniques,
while NETs > 2 centimeters typically require surgery.
For tumors 11-20 mm in size, careful evaluation can

Abstract
Neuroendocrine tumors (NETs) are uncommon gas
trointestinal neoplasms but have been increasingly
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[2-3]

overall 5-year survival rate of only 50%-67.2% . A
recent SEER based review of gastorenteropancreatic
NETs revealed similar overall 5-year survival rate
[6]
of 68.1% . Survival was lowest in pancreatic NETs
(37.6%) and highest in rectal NETs (88.5%) with other
sites being in between (colonic 54.6%, gastric 64.1%,
small intestinal 68.1%, and appendiceal 81.3%). This
marked variability in prognosis according to location
has important implications for when surgical or
endoscopic treatment should be chosen.

identify which NETs may be managed with endoscopic
resection. Endoscopic submucosal dissection has
been increasingly used for treatment of luminal NETs.
However, enthusiasm for endoscopic resection must be
tempered with respect for the more definitive curative
results afforded by surgical treatment with more
advanced lesions.
Yazici C, Boulay BR. Evolving role of the endoscopist in
management of gastrointestinal neuroendocrine tumors. World J
Gastroenterol 2017; 23(27): 4847-4855 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i27/4847.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i27.4847

EMBRYOLOGY AND DISTRIBUTION
NETs of the GI tract are heterogeneous tumors and
arise from the endocrine system mainly in the gastric
submucosa, the small and large intestine and the
rectum, as well as in the pancreas. The embryologic
origin and vascular supply of NETs play a role in their
classification, as some prefer to distinguish them based
on origin by embryologic segments such as foregut
(lung, stomach, liver, biliary tract, pancreas, the first
portion of the duodenum, and the ovaries), midgut
(the distal duodenum, small intestine, appendix,
right colon, and the proximal transverse colon), and
hindgut (the distal transverse colon, left colon, and the
[7]
rectum) . NETs can be either functional with secretion
of hormones into the bloodstream (gastrinoma, gluca
gonoma, insulinoma, somatostatinoma and VIPoma)
[8]
or non-functional . Functional NETs may initially
be diagnosed based on the patient’s symptoms and
serologic assays for the secreted hormone (such as
the measurement of elevated insulin levels for an
insulinoma); endoscopy may then follow as part of the
attempt to localize the underlying NET. Nonfunctional
NETs are typically discovered incidentally on endoscopy
or cross-sectional imaging.
These tumors are not uniformly distributed within
[6]
the GI tract. In the SEER 17 registry , gastorentero
pancreatic NETs made approximately 61% of NETs. In
GI tract, the following sites were identified as common
locations for NETs: rectum (17.7%), small intestine
(17.3%), colon (10.1%), pancreas (7.0%), gastric
(6.0%) and appendix (3.1%). This updated analysis
showed a continued increase in the incidence of NETs,
particularly in locations such as the rectum, stomach
and small intestine, areas in which flexible and video
capsule endoscopy have been utilized more often by
[6]
gastroenterologists over the past few decades .

INTRODUCTION
Neuroendocrine tumors (NETs) are an uncommon
finding during endoscopic procedures, though the
management of these neoplasms requires full under
standing of tumor stage and prognosis, often with use
of a multidisciplinary approach. Luminal NETs arise
within the submucosa of the gastrointestinal (GI)
tract and can be underappreciated without a careful
examination. Increased recognition of NETs in recent
years has been attributed to multiple factors, including
improved detection (due to advanced imaging,
laboratory and endoscopic techniques), a true rise
in tumor incidence and greater awareness of NETs
[1]
among physicians . This rising incidence along with
higher than previously thought mortality rates creates
a challenge for gastroenterologists. These tumors have
traditionally been characterized by indolent growth and
a generally good prognosis, though more recent data
illustrates subtypes of NETs with aggressive behavior
and poor long-term survival. Treatment of NETs has
traditionally been limited to endoscopic removal of
small lesions (< 20 mm) and surgical excision of larger
lesions, though advances in endoscopic techniques
and the increasing use of endoscopic mucosal
dissection (ESD) are allowing endoscopic therapy for
an increasing proportion of these neoplasms.

EPIDEMIOLOGY
The incidence of NETs has increased over the past
several decades in the United States and a similar rise
[2-4]
has also been noted in Europe . Data obtained from
National Cancer Institute (NCI) registries in the United
States identified 13715 NETs over 5 decades and the
[2]
incidence was highest in the GI tract (67.5%) . In
addition, a study utilizing data on 35618 subjects with
NETs from the Surveillance, Epidemiology, and End
Results (SEER) Program registry reported a significant
increase in age-adjusted incidence of NETs from 1.09
per 100000 person in 1973 to 5.25 per 100000 person
[5]
in 2004 . Despite the reputation of NETs as relatively
benign neoplasms, these large studies revealed an

WJG|www.wjgnet.com

ENDOSCOPIC MANAGEMENT
GI NETs may be encountered during endoscopy
under several circumstances. The first scenario is
during endoscopic localization for an NET diagnosed
by serologic or biochemical means (for instance, a
suspected gastrinoma based on markedly elevated
gastrin level and diarrhea). Secondly, hormonally
inactive NETs may be discovered during evaluation of
other symptoms such as GI bleeding or abdominal pain
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caused by the tumors themselves. Finally, NETs may
be incidentally discovered during endoscopy for upper
GI symptoms or during screening colonoscopy. Once
the diagnosis of a GI NET has been made by biopsy
and histologic evaluation, staging must be performed
to determine the appropriate treatment. If small and
localized, these lesions can be effectively treated with
endoscopic therapy. However, failure to recognize the
size, depth, local invasion, or lymphatic spread may
lead to incomplete treatment with endoscopic means.
It is essential to recognize when surgical excision is the
superior modality, and multidisciplinary evaluation of
GI NETs is recommended prior to treatment.

adequate horizontal margin for histologic review to
ensure complete removal. Endoscopic ultrasound is
recommended prior to removal to ensure the lesion
does not extend to the muscularis propria, though
there are no high-quality studies to show the efficacy
of endoscopic ultrasonography (EUS) in delineating
esophageal NET margins prior to resection.

STOMACH
Gastric carcinoids (GCs) can be asymptomatic and found
incidentally. However, in certain subjects they are found
during endoscopic evaluation of dyspepsia, abdominal
[17]
pain or early satiety . They are categorized into three
groups in the following order in terms of frequency:
Type 1 GCs (75%) and Type 2 GCs (5%-10%), which
are well differentiated, and Type 3 GCs (15%-25%)
[17]
which demonstrate aggressive behavior . Type 1 GCs
are typically small and multiple, seen in the setting of
chronic atrophic gastritis with resulting stimulation of
enterochromaffin cells by elevated gastrin levels. Type
2 GCs are similarly expressed due to excess gastrin
levels in the setting of gastrinoma or multiple endocrine
neoplasia type 1 (MEN-1). Type 3 GCs are sporadic,
typically solitary and often larger when compared
to types 1 and 2, and occur in the setting of normal
gastrin levels.
GCs have been removed safely with endoscopy
[18]
[19]
both in adults
and in children . Various techniques
can be used for resection of these lesions. ESD and
EMR with utilization of cap aspiration, a ligation device,
or grasping forceps are the most commonly used
approaches, and all have been successful. However,
initial studies comparing EMR and ESD have shown
higher en bloc resection of lesions with ESD when
[20,21]
compared to EMR
. In a recent study comparing
the vertical and horizontal margins of 12 subjects who
underwent either EMR or ESD, horizontal margins were
[22]
negative in all subjects regardless of technique .
However, 66.7% of subjects in the EMR group had
positive vertical margins compared to 0% of subjects
in the ESD group. This small study suggests the
superiority of ESD in complete removal of small GCs.
Additional studies will be needed to confirm these
findings and determine their clinical importance.
Metastatic progression of typeⅠGCs is exceedingly
rare, but has been described, so it is important not to
overlook this possibility when considering endoscopic
removal. A study examining prognostic factors in 20
patients with Type 1 GCs identified several factors
associated with metastasis: tumor size of ≥ 1 cm,
elevated Ki-67 index of tumor proliferation, and high
[17]
serum gastrin levels (mean value 2138.4 mI/L) .
Careful examination to determine tumor size and depth
of invasion can help in identifying those rare Type 1 or 2
GCs which should be managed with surgery and lymph
node sampling.
Type 3 sporadic GCs are generally managed
surgically due to their size and stage at the time of

ESOPHAGUS
[6]

Esophageal NETs comprise only 0.2% of GI NETs ,
and thus their endoscopic and histological features
are not well characterized. A 2009 review identified
[9]
only 25 reported cases in the previous 4 decades .
There are no established guidelines for treatment,
which is thus dictated by provider experience and
patient preference. Case reports describe a favorable
prognosis in most subjects. Esophageal NETs may
present incidentally as discrete polypoid lesions, or
in association with adenocarcinoma in the setting of
[10,11]
Barrett’s esophagus
. Low-grade carcinoid lesions
have been described, and these have a good prognosis
following resection. However, atypical esophageal NETs
(classified as large cell esophageal carcinoma or small
cell esophageal carcinoma) may present at late stages
with large fungating masses. These lesions have high
mortality within a year despite surgical resection and
[12-14]
subsequent chemotherapy
.
Historically surgical resection has been the preferred
[15]
treatment for esophageal NETs , though endoscopic
resection is now considered safe and effective for
small or superficial lesions. Esophageal NETs limited
to the submucosal layer (without involvement of
the muscularis propria) can be removed easily and
[16]
safely . In fact, endoscopic removal has been utilized
frequently for esophageal NETs localized to submucosal
layer and ≤ 10 mm in diameter without ulceration or
erosion as these lesions had low probability for lymph
[9]
node metastasis . The threshold of 10 mm as the
maximum size recommended for endoscopic resection
of esophageal NET is based not on a large body of
evidence for this location, but rather on extrapolation
of data from gastric and rectal NETs, which have shown
higher rates of lymph node metastases when lesions
exceed 10 mm in size.
Endoscopic mucosal resection (EMR) or endoscopic
submucosal dissection (ESD) can each be considered for
removal of low-grade esophageal NETs. EMR can allow
an en bloc resection of a small lesion, though some
authors have posited that ESD is preferable as EMR can
lead to mechanical damage and limited pathological
[9]
evaluation of the resected specimen . ESD can enable
complete removal of the tumor while maintaining an
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diagnosis. Endoscopic management is rare but has
been described. One center has described a series
of 50 cases in which endoscopic resection of NETs
confined to the submucosa and < 2 cm in size was
[23]
attempted (41 EMR, 9 ESD) . Complete removal was
achieved in 80% of cases, and in 13-60 mo of follow-up
there were no recorded instances of tumor recurrence,
regardless of the completeness on initial resection.
Another investigation utilized SEER data and identified
984 subjects with localized GCs who had cancerdirected surgery between 1983 and 2005. Results
revealed that tumor size and depth predict lymph node
metastasis and endoscopic therapy can be an option for
intraepithelial GCs < 2 cm and GCs < 1 cm that invades
[24]
into the submucosa or lamina propria . Societal
guidelines such as the National Comprehensive Cancer
Network (NCCN) recommend staging of type 3 GC with
EUS, multiphasic computerized tomography (CT) or
magnetic resonance imaging (MRI), or somatostatin
receptor scintigraphy to determine the appropriate
stage and treatment modality. If EUS shows no
evidence of lymphadenopathy, then surgical wedge
resection or endoscopic resections are appropriate;
otherwise, radical resection with lymphadenectomy is
[25]
preferred . The American Society for Gastrointestinal
Endoscopy recommends that all type 3 GCs should
be considered for surgical removal based on a high
incidence of lymph node invasion, and only very
small (< 1 cm), well-differentiated lesions should be
[26]
considered for endoscopic removal . As in other areas
of the GI tract, proper assessment and staging of the
lesion are critical for determining the threshold for
endoscopic versus surgical removal of gastric NETs.

candidates for EMR or ESD
. Novel techniques for
endoscopic resection include full-thickness resection
[33]
with the use of an over-the-scope clip . Careful
follow-up examination for local recurrence is needed
if decision is to remove these lesions with endoscopic
[31]
resection . When feasible, endoscopic resection is
[25]
supported by the 2016 NCCN guidelines . Surgical
resection has been recommended for duodenal NETs
larger than 1 cm, especially when there is imaging
evidence of lymph node involvement or higher mitotic
[34]
index . Once again, careful examination of the lesion
by endoscopic ultrasound is important to determine
size and depth of invasion, as well as lymph node
metastases.
NETs of the jejunum and ileum are classified as
midgut tumors. They may be associated with carcinoid
syndrome along with other midgut NETs such as
[35]
appendiceal and cecal NETs . Jejunal or ileal carcinoids
may also present with anemia or overt bleeding, in
which case they may be identified during video capsule
endoscopy, deep enteroscopy, or colonoscopy with
[36,37]
intubation of the terminal ileum
. Larger NETs may
present with obstructive symptoms, including retention
of video capsule endoscopy requiring retrieval of
[38]
the capsule . The majority of NETs of the small
intestine are located in the distal ileum. Population
based studies revealed that only 29% of NETs located
in jejunum and ileum are localized and 71% have
[35]
either regional or distant metastases . Given the
multifocal nature and potential technical difficulty of
endoscopic resection of midgut small bowel carcinoids,
surgical excision is preferred. The role for endoscopy
in these NETs is limited to treatment of bleeding, or
histologic confirmation by biopsy and localization by
[39]
tattoo placement adjacent to the lesion . Even with
surgery, the 5-year survival rates for NETs located in
these regions are 65% if localized and 71% if there
[35]
is regional involvement . While partial small bowel
resection can be considered for proximal tumors, in
such cases the remaining small intestine needs to
be examined during resection to exclude multifocal
[40]
disease .

SMALL INTESTINE
The small intestine is one of the most common sites
[6]
for NETs (17.3%) , though a large proportion of
these lesions may not be accessible by standard
bidirectional endoscopy. Duodenal NETs make only
[27]
a small percentage of small bowel NETs
but can
be candidates for endoscopic resection if the lesion is
< 1 cm and confined to the mucosa and submucosa.
Lesions of the ampulla or the medial wall of the
duodenal C-sweep may be easily missed with use of
standard forward-viewing endoscopes, and any survey
of the duodenum for localization should ideally include
use of a side-viewing duodenoscope. Duodenal bulb
NETs are particularly likely to be found incidentally and
with small size, with a small likelihood of metastatic
disease. Although duodenal NETs < 2 cm have been
shown to have limited metastatic potential and can be
managed with local excision, tumor size alone does
not predict risk of metastatic disease or lymphatic
[28,29]
spread
. Cases of duodenal NETs as small as 5
mm with metastatic lymph node lesions have been
[27,30]
reported
. Duodenal carcinoid tumors that are
less than 1cm and limited to the submucosa with
no evidence of lymphatic or metastatic disease are
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COLONIC
Colorectal NETs comprise the majority of GI NETs
(27.8%) and rectal NETs have been recognized more
frequently over the past decade due to the increased
[6]
utilization of screening colonoscopy . Colonic NETs
are often locally advanced or metastatic at the time of
diagnosis, with a poorer prognosis than NETs located in
other parts of GI tract. The 5-year survival rate is only
[41]
40% to 70% depending on the location and stage .
The larger size, invasive features, and (sometimes)
anatomically challenging positions are contraindications
to endoscopic management of many colonic NETs,
similar to lesions in the jejunum and ileum. Endoscopic
therapy with ESD has been reported, but only in small
case series and with a higher risk of postprocedural
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complications and incomplete resection . Thus, sur
gical resection with lymphadenectomy is the approach
recommended by NCCN guidelines and utilized fre
quently for these NETs.

EMR, and may provide an advantage in those NETs
11-20 mm where EMR techniques may not reliably
provide a complete resection. A recent meta-analysis
looked into 14 studies that included 782 subjects to
compare the efficacy and safety of EMR or modified
EMR (m-EMR) versus ESD for the treatment of rectal
[54]
NETs . Results revealed significantly higher rates
of pathological complete resection among subjects
treated with ESD or m-EMR compared to those treated
with conventional EMR (OR = 0.42 and OR = 0.10,
respectively) but no significant differences between
m-EMR versus ESD groups. In summary, current data
supports that m-EMR or ESD can be utilized safely in
experienced hands for removal of colorectal NETs less
than 2 cm without high-risk features.
The feasibility of endoscopic resection of rectal
NETs by EMR or ESD is supported by treatment
guidelines, as long as accurate staging is performed.
The European Neuroendocrine Tumor Society (ENETS)
[41]
consensus guidelines from 2012
note the impor
tance of high risk features and recommended that
rectal or colonic NETs larger than 2 cm or with highrisk features (advanced stage, high mitotic index,
muscularis propria invasion or nodal disease) be
removed surgically. Other NETs were considered
to be candidates for endoscopic resection. These
recommendations are mirrored by the NCCN, in which
transanal surgical resection or endoscopic techniques
are both recommended (following examination by MRI
or EUS) for rectal NETs < 2 cm in size.

RECTAL
Surgical resection with removal of associated lymphatic
tissue remains the treatment for rectal NETs greater
than 20 mm, due to the high risk of lymphatic invasion
and metastasis. However, endoscopic resection is
used for rectal NETs of < 20 mm without signs of
deep invasion or lymphadenopathy. There is extensive
experience with EMR of rectal NETs, mainly due to
its ease and low complication rates. Conventional
freehand EMR, cap-assisted EMR, or band ligationassisted EMR have all been used with success and
with minimal adverse events in NETs of < 1 cm in
[43-45]
size
. However, with rectal NETs of 11-20 mm in
size, complete resection of an en bloc specimen may
[46-48]
prove more difficult using EMR
. This has spurred
interest in the use of either ESD or modified EMR
techniques to improve the rate of R0 resection while
maintaining safety. A hybrid technique employing
a “circumferential incision to EMR” (CIEMR) has
been adapted to treat rectal NETs without regional
[49]
lymph node enlargement . When compared to
conventional EMR in a randomized prospective trial
of rectal NETs < 15 mm, procedure time was longer
in CIEMR but R0 resection was superior (96.7% in
CIEMR group compared to 82.14% in EMR group (P
[50]
= 0.043) . Other modifications include combining
a circumferential mucosal incision with rubber band
[51]
ligation (ESD-L) . These techniques provide the
advantage of a circumferential incision to ensure a
clear lateral margin during resection, but allow the
endoscopist to skip the time-consuming submucosal
dissection in favor of snare-based resection.
ESD was initially pioneered for treatment of
superficial gastric neoplasms and provides additional
advantages in regards to en bloc removal and complete
[20,52]
histological resection
. A comparison of ESD and
EMR in subjects with rectal NETs < 16 mm without
lymphadenopathy revealed similar en bloc resection
rates in both groups, but a significantly higher his
tologic R0 resection rate in ESD group (90.3%)
[53]
compared to EMR group (71%) . Complication rates
were similar for both groups. A retrospective analysis
of 239 patients with colorectal NETs < 20 mm showed
further evidence of the safety and efficacy of ESD;
all but 6 of these lesions were located in the rectum.
En bloc resection was achieved in all cases, and in all
cases no local recurrence was noted over a median
follow up period of 52 mo. Of note, distant metastases
were noted in 6 patients (2.51%) during follow-up,
underscoring the need for accurate assessment of deep
invasion and lymphadenopathy prior to endoscopic
[42]
removal . ESD appears to increase the probability
of complete histological resection when compared to
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PANCREAS
Pancreatic NETs (PanNETs) make approximately 7%
[6]
of GI NETs . They have slightly higher predominance
[55,56]
in males and Caucasians
and peak during the
[3]
sixth and seventh decades of life . They can be
categorized into two groups as functioning versus nonfunctioning depending on the presence or absence
of clinical syndromes related to hormone production.
Functioning PanNETs have been reported in the
following frequencies: Insulinomas (45%), gastrinomas
(20%), glucagonomas (13%), VIPomas (10%) and
[54]
somatostainomas (less than 5%) . Cumulative
5-year survival has been reported to range between
[57]
30% to 97% in PanNETs . The wide variability likely
reflects heterogeneity of presentation, with hormonally
active tumors being diagnosed at earlier stages during
investigation of symptoms.
CT and MRI have been utilized frequently as
imaging modalities during diagnosis of PanNETs. The
sensitivity and specificity of these imaging modalities
have been reported to differ in CT (60%-83% and
83%-100%, respectively) depending on lesion
size and also in MRI (85%-100% and 75%-100%,
[57]
respectively) . Endoscopists play a crucial role in
identification and evaluation of PanNETs by EUS. EUS
provides not only key information about morphological
features of these lesions, but also enables tissue
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sampling for histopathological evaluation. Due to its
high sensitivity for small lesions, EUS can also identify
PanNETs undetected by cross-sectional imaging studies.
A review of 81 subjects referred for EUS-guided fineneedle aspiration (EUS-FNA) for a suspected PanNET
[58]
revealed diagnostic yield of EUS-FNA to be 90.1% .
Another large, single-center prospective series studied
the utility of EUS early in the diagnostic evaluation
of subjects with PanNETs who subsequently had
[59]
surgical confirmation of tumor localization . In this
investigation overall sensitivity and accuracy of EUS
was 93% and investigators pointed out the role of EUS
as a primary diagnostic modality during evaluation
and management of PanNETs. Another study of 72
subjects with PanNETs demonstrated EUS to be not
only highly accurate in localizing PanNETs but also cost
effective when utilized early in the preoperative course
[60]
by decreasing the need for further invasive tests .
Surgical resection is the recommended treatment
modality in PanNETs, and type of resection in PanNETs
is mainly determined by size and location of the lesion.
EUS - in combination with cross-sectional imaging can provide crucial information regarding the location
and stage of PanNETs to optimize treatment planning.
Besides accurately determining the size and chara
cteristics of lesions, EUS also provides key histological
information when combined with FNA. In a retrospective
study, 75 out of the 81 patients underwent EUS-FNA
[58]
and the yield of EUS-FNA reached up to 97.3% . In
a recent study, the utilization of FNA along with EUS
characterized the nature of the pancreatic NETs in all
[61]
cases by providing accurate pathological information
showing the critical role of EUS-FNA in preoperative
management of these patients. In addition, the
sampling rate for histological diagnosis by EUSFNA was shown to be 100% and the concordance
rate was 87.5% when it was compared with surgical
[62]
specimens . EUS thus has a crucial role in planning
treatment strategies for PanNETs.
Given the importance of staging for luminal NETs
prior to treatment, EUS is also a critical tool for
evaluating tumor size, depth of invasion, and presence
of lymphadenopathy in these lesions. Multiple studies
have demonstrated the utility of EUS for accurately
determining resectability of small NETs in the stomach,
[63]
duodenum, and rectum . EUS has been used to
confirm a lack of muscular invasion in a case series of
[64]
ESD for rectal carcinoids as well . The information
gleaned by accurate staging allows the endoscopist to
choose the correct strategy (endoscopic or surgical) to
afford a definitive cure in a minimally invasive fashion.

resection can be utilized to resect esophagogastric
NETs arising from the deep submucosal layer.
[65]
Following its initial use , investigators have reported
several case series which revealed success rates up to
[66]
100% without major complications . Another new
technique that is limited to pioneering centers with
defined protocols is peroral endoscopic tumor resection
(POET). As a technique adapted from the successful
management of achalasia with per oral endoscopic
myotomy (POEM), POET also utilizes submucosal
tunneling approach and provides an opportunity for
en-bloc removal of the tumor followed by mucosal
closure. POET can provide definitive en-bloc resection,
excellent long-term results, and can be applied in
cases where surgical resection is not an option due to
comorbidities, though its use is limited to tumors of the
[67]
esophagus, GE junction, and gastric cardia . POET
requires experience with POEM and ESD, and has only
been utilized in specialized centers.
Endoscopic full-thickness resection (EFTR) has been
employed for treatment of some gastric submucosal
tumors. Case series have described successful
resection in all subjects without laparoscopic assistance
[68]
and success rate for complete resection was 100% .
In a different investigation, mean operative times,
length of stays and complete resection rates were
found to be similar among subjects who had EFTR (n
= 32) vs laparoscopic surgery (n = 30) for treatment
[69]
of gastric stromal tumors . Another study that
included 48 subjects with mean tumor size of 1.59 cm
(largest lesion 4.8 cm) reported successful removal
in all cases and there was no early recurrence during
[70]
the follow-up period . However, these techniques
are not widely available and should be applied only by
experts in dedicated centers. In addition, EFTR is ideal
for tumors arising from the muscularis propria (such as
GISTs) and may not provide superior outcomes when
compared to ESD, as most GI NETs remain confined to
the submucosa. Future studies will define the roles of
these techniques in the management of GI NETs.

CONCLUSION
GI NETs are uncommon neoplasms which may re
present a therapeutic challenge for the endoscopist.
The choice of proper treatment depends on the
location of the NET as well as proper evaluation of
size, depth of invasion, and local lymphadenopathy.
Endoscopic resection techniques continue to evolve,
with the growth of endoscopic mucosal dissection
showing promising results in achieving complete
and safe en bloc resection of lesions as large as 2
centimeters. Despite the improvements in technique,
the enthusiasm for endoscopic resection of larger
lesions must be balanced against the superior ability of
surgical resection to detect and treat lymphatic spread.
Future directions for research should focus not only on
optimizing the techniques for endoscopic treatment,
but improving the recognition of factors that should

NOVEL TECHNIQUES
While EMR and ESD remain the most common endo
scopic techniques for treatment of luminal NETs,
newer techniques have been employed in an attempt
to completely excise these submucosal tumors. For
example, submucosal tunneling with endoscopic
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prompt surgical referral.
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EDITORIAL

Current research and treatment for gastrointestinal stromal
tumors
Kheng Tian Lim, Kok Yang Tan
ment interest, especially in the last two decades. GISTs
are driven by mutations commonly found in the KIT
gene and less commonly in the platelet-derived growth
factor receptor alpha gene, BRAF gene and succinate
dehydrogenase gene. GISTs behave in a spectrum
of malignant potential, and both the tumor size and
mitotic index are the most commonly used prognostic
criteria. Whilst surgical resection can offer the best
cure, targeted therapy in the form of tyrosine kinase
inhibitors (TKIs) has revolutionized the management
options. As the first-line TKI, imatinib offers treatment
for advanced and metastatic GISTs, adjuvant therapy in
high-risk GISTs and as a neoadjuvant agent to downsize
large tumors prior to resection. The emergence of
drug resistance has altered some treatment options,
including prolonging the first-line TKI from 1 to 3
years, increasing the dose of TKI or switching to
second-line TKI. Other newer TKIs, such as sunitinib
and regorafenib, may offer some treatment options
for imatinib-resistant GISTs. New molecular targeted
therapies are being evaluated, such as inhibitors of
BRAF, heat shock protein 90, glutamine and mitogenactivated protein kinase signaling, as well as inhibitors of
apoptosis proteins antagonist and even immunotherapy.
This editorial review summarizes the recent research
trials and potential treatment targets that may influence
our future patient-specific management of GISTs. The
current guidelines in GIST management from Europe,
North America and Asia are highlighted.
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Abstract
Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal tumors of the gastrointestinal
tract and have gained considerable research and treat
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Core tip: Research in the histogenesis of gastrointestinal
stromal tumors (GISTs) identified gene mutations in
KIT , platelet-derived growth factor receptor alpha and
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BRAF . The discovery of tyrosine kinase inhibitors (TKIs)

less than 20% of cases during other gastrointestinal
endoscopy or imaging investigations.
The diagnostic tests for GISTs may include gastro
intestinal endoscopy (Figure 1), computed tomography
(CT) scan (Figure 2), magnetic resonance imaging (MRI)
18
scan and fluoro-deoxyglucose-positron emission
18
tomography ( FDG-PET) scan (Figure 3). Endoscopic
ultrasound scan (Figure 4) with fine needle aspiration
biopsy (Figure 5) may be useful in confirming GISTs
histologically.
Open or laparoscopic complete surgical R0 resection
of GISTs (Figure 6) represent the only potentially
curative treatment, but certain high risk features of the
resected GISTs give rise to recurrence of the disease.
[5]
DeMatteo et al reviewed 200 patients with GISTs
treated and followed-up at a single institution and found
that 46% had primary disease, 47% had metastasis
and 7% had isolated local recurrence. Eighty patients
with primary disease who underwent complete
resection had 5-year survival rate of 54%. Survival
was predicted by tumor size, but not by microscopic
resection margin. However, tumor recurrence was noted
to occur at the original primary tumor site, peritoneum
and liver. These data predated the use of tyrosine
kinase inhibitors (TKIs). In later years, the treatment
options for residual or progressive liver metastases
of GISTs included hepatic artery embolization, radio
[6-8]
frequency ablation or liver resection .
Historical assessment of the malignant potential
in GISTs were based on the criteria of tumor size,
mitotic count, proliferating cell nuclear antigen and
proliferation index, which allowed classification into low[9]
and high-risk subgroups . Subsequently, different risk
stratification systems for GISTs were proposed, such
as the National Institutes of Health (NIH) consensus
criteria (Fletcher’s criteria based on size and mitotic
count) and the Armed Forces Institute of Pathology
criteria (Mittinen’s criteria based on size, mitotic count
th
and tumor site) and the 8 edition of the International
Union Against Cancer utilizing TNM classification in
[10-12]
addition to a grade category based on mitotic count
.
According to the NIH criteria for primary GISTs,
the distribution of risk is categorized as very low risk
(15%), low risk (30%), intermediate risk (22%) and
[10]
high risk (33%) . Table 1 shows the commonly
used criteria for assessing malignant risk of GISTs.
Other factors associated with a higher malignant risk
of GISTs are the presence of necrosis, high cellularity,
invasion to serosa or adjacent structure and rich
vascularity. In addition, factors associated with a higher
risk of recurrence of GISTs are now recognized to be
incomplete R1 or R2 resection margin, tumor rupture
and spillage during surgery.

has allowed targeted therapy in metastatic and highrisk resected GISTs. However, the emergence of TKIresistant GISTs has raised some important treatment
issues. Newer TKIs and alternative targeted therapy
within the domain of BRAF and the mitogen-activated
protein kinase signaling pathway, heat shock protein
90 and succinate dehydrogenase inhibition are being
investigated and appear promising. Many clinical trials
have been undertaken and are still ongoing to define
the best molecular targeted therapy for GISTs. The
European, American and Asian guidelines on GISTs
provide useful resources for specialists dealing with
these interesting tumors.
Lim KT, Tan KY. Current research and treatment for
gastrointestinal stromal tumors. World J Gastroenterol 2017;
23(27): 4856-4866 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i27/4856.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i27.4856

INTRODUCTION
Gastrointestinal stromal tumors (GISTs) account
for less than 1% of all gastrointestinal tumors, and
the prevalence of histological type comes after
adenocarcinoma and lymphoma. GISTs are, however,
the most common mesenchymal tumors of the gastro
[1]
intestinal tract . Historically, GISTs were classified as
leiomyomas or leiomyosarcomas due to smooth muscle
features observed under light microscopy.
GISTs were first termed in 1983 by Mazur and
[2]
Clark , who discovered that the majority of gastric
wall tumors were not derived from smooth muscle
and nerve sheath origin using immunohistochemistry.
GISTs are believed to arise from the interstitial cells
of Cajal or their precursors and are heterogeneous
histologically, showing spindle cells (70%), epitheloid
[3]
cells (20%) and mixed cells (10%) . The histogenesis
of GISTs has since gained considerable research and
treatment interest.
A systematic review of population-based cohort
[4]
studies on GISTs by Søreide et al showed that
incidence ranges from low 0.43 per 100000 per year
in Shanxi Province, China to high 1.6-2.2 per 100000
per year in South Korea. The cohort of 13550 patients
from 19 countries gave the reported age ranging from
10-100 years, with median age in the 60 s; both male
and female populations had about equal distribution.
The anatomical locations of GISTs are frequently the
stomach (55.6%) and small bowel (31.8%), and are
less commonly found in the colon and rectum (6%),
[4]
other various locations (5.5%) and esophagus (0.7%) .
Primary GISTs are commonly symptomatic (in
about 80% cases), presenting with gastrointestinal
bleeding or obstructive symptoms and abdominal
pain. Incidental asymptomatic GISTs are discovered in
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GENETIC MUTATIONS IN GISTs
[13]

The landmark article by Hirota et al
discovered
that GISTs express the proto-oncogene KIT and that
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Figure 1 Gastroscopy view of a gastric gastrointestinal stromal tumors.
A 4 cm × 4 cm in diameter gastric fundal submucosal tumor with a central
ulceration associated with a recent bleed is shown.

Figure 4 Endoscopic ultrasonography images of esophageal gastro
intestinal stromal tumors. A distal esophageal submucosal lesion measuring
2.6 cm × 1.3 cm in diameter was noted to be well circumscribed, heterogeneous
with hypoechoic echotexture without disruption of wall architecture and with no
perilesional lymph node.

Figure 2 Computed tomography scan image of a gastric gastrointestinal
stromal tumors. A submucosal tumor measuring 7.7 cm × 7.6 cm × 7.2 cm
in dimension was located on the posterior wall of gastric antrum. An ill-defined
hypodensity within the mass could represent an area of necrosis.

Figure 5 Endoscopic ultrasound scan and fine needle aspiration image
of an esophageal gastrointestinal stromal tumors. The procedure was
performed using a 22F procore needle with on-site cytotech.

9.00

0.00
50% PET
3.6/Average

Figure 3 18Fluoro-deoxyglucose-positron emission tomography scan
views of a small bowel gastrointestinal stromal tumors. There is a mildly
fluoro-deoxyglucose avid mass adjacent to the jejunal anastomosis with
SUVmax 3.4 suggestive of a local recurrence.

Figure 6 Macroscopic image of a recurrent small bowel gastrointestinal
stromal tumors. A picture of a large enbloc resection specimen of a small
bowel mesentery and jejunum was taken along a separate smaller metastatic
mesenteric nodule.

this KIT gene mutation provides growth stimulation
of GISTs. c-KIT, also known as CD117, is a protein
and a type of a receptor tyrosine kinase found on
the surface of a variety of cell types; it is also a type
of tumor marker. The binding of stem cell factor to
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the extracellular domain of c-KIT induces receptor
dimerization and activation of downstream signaling
pathways responsible for pro-growth signals within the
cells.
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Table 1 National Institutes of Health vs Armed Forces Institute of Pathology criteria for assessing malignant risk of gastrointestinal
stromal tumors
Degree of risk
Unknown
Very low
Low
Intermediate or moderate

NIH criteria

AFIP criteria

< 2 cm and < 5 mitotic index
2-5 cm and < 5 mitotic index

≤ 5 cm and ≤ 5 mitotic index

< 2 cm and ≤ 5 mitotic index
Gastric: > 5 cm and ≤ 5 mitotic index
Others: 2-5 cm and ≤ 5 mitotic index
Gastric: > 10 cm and ≤ 5 mitotic index or > 2-5 cm and > 5 mitotic index
Others: 5-10 cm and ≤ 5 mitotic index
Gastric: > 5 cm and > 5 mitotic index
Others: > 10 cm and > 5 mitotic index

5-10 cm and < 5 mitotic index
> 5 cm and 6-10 mitotic index
> 5 cm and > 5 mitotic index
> 10 cm and any mitotic index
Any size and > 10 mitotic index

High

Mitotic index = number of mitoses per 50 high-power field. AFIP: Armed Forces Institute of Pathology; NIH: National Institutes of Health.

Table 2 Frequency of genetic mutations in gastrointestinal stromal tumors
KIT mutation (about 85%)
Exon 11 (about 70%)
Exon 9 (10%-15%)
Exon 13 (1%-3%)
Exon 17 (1%)

PDGFRA mutation (about 5%)

BRAF mutation (< 1%) SDH mutation (12%-15% adult, 90% pediatric GIST)

Exon 18 (about 5%)
Exon 12 (1%)
Exon 14 (< 0.5%)
Exon 18 D842V (about 0%)

Exon 15 V600E

Subunit B, C and D

PDGFRA: Platelet-derived growth factor receptor alpha; SDH: Succinate dehydrogenase.

[14]

[15]

identified and localized to exon 15 V600E . Mutations
of the SDH gene are found to be localized to subunit
[17]
B, C and D . Table 2 summarizes the frequency of
different genetic mutations in GISTs.

Another landmark article by Heinrich et al
later
discovered GISTs lacking KIT expression have muta
tions related to platelet-derived growth factor receptor
alpha (PDGFRA). Overall, KIT or PDGFRA mutations are
found in 85% and 5% of GISTs respectively.
[15]
Agaram et al
later discovered BRAF mutation in
imatinib-naïve and imatinib-resistant GISTs. This BRAF
mutation in GISTs is quite rare, accounting < 1% of
[16]
cases . It is noted that these KIT, PDGFRA and BRAF
gene mutations are mutually exclusive.
“Wild-type” GISTs were previously referred to
GISTs lacking any mutation in KIT and PDGFRA.
This “wild-type” terminology should be avoided now
that new mutations have been discovered in BRAF
genes and in genes encoding the protein succinate
dehydrogenase (SDH). About 12%-15% of adult GISTs
and 90% of pediatric GISTs lacking KIT, PDGFRA or
BRAF mutations are classified into SDH-deficient and
non-SDH-deficient groups. The SDH-deficient group
includes Carney triad (GISTs, pulmonary chondroma
and extra-adrenal paraganglioma) and Carney-Stratakis
[17]
syndrome (GISTs and paraganglioma) .
The vast majority of KIT mutations are localized in
exon 11 (juxtamembrane domain; about 70%), exon
9 (extracellular dimerization motif; 10%-15%), exon
13 (tyrosine kinase 1 domain; 1%-3%), and exon
17 (tyrosine kinase 2 domain and activation loop;
[18]
1%-3%) . Secondary KIT mutations in exons 13, 14,
17 and 18 are commonly identified in post-imatinib
biopsy specimens, after the patients have developed
the acquired resistance. The mutations of PDGFRA are
noted to be localized in exon 12, 14 and 18, and more
specifically as 18 D842V. The mutation of BRAF is
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TKIs AND BIOLOGICAL THERAPY IN
GISTs
Whilst complete surgical resection of GISTs can offer
the best cure, targeted therapy in the form of TKIs has
altered our management options. A landmark case
[18]
report by Joensuu et al
described the effect of a
TKI called STI571 in a patient with a metastatic GIST,
18
for which the evaluation of MRI and FDG-PET scans
showed a very dramatic reduction of the GIST.
STI571 was the first TKI, also called imatinib,
approved by the United States Food and Drug Admini
stration (FDA) in 2002 for the treatment of unresected
or metastatic GISTs. In 2008, imatinib was approved
for adjuvant use in high-risk resected GISTs patients
[19]
to prevent recurrence . In 2012, the FDA granted
the extension of standard 1 year imatinib therapy to 3
[20,21]
years, due to increase in overall patient survival
.
An important study demonstrated that imatinib when
used as a neoadjuvant therapy decreased the tumor
volume and was associated with improved complete
surgical resection in the locally advanced primary
[22]
GISTs .
In a trial examining the relationship between kinase
genotype and treatment outcome for 428 patients
treated with either 400 mg or 800 mg daily doses of
imatinib confirmed the favorable impact of KIT exon 11
genotype, when compared with KIT exon 9 and wild-

4859

July 21, 2017|Volume 23|Issue 27|

Lim KT et al . Advances in GISTs
Table 3 Implication of gastrointestinal stromal tumors mutations and response to targeted therapy
[23]

Imatinib
KIT mutation
Exon 11
Exon 9
Exon 13
Exon 14
Exon 17

Sunitinib

OR 63%
OR 37%. Intermediate sensitivity. Higher dose 800 mg
more effective in metastatic disease than 400 mg daily
OR 40%. Sensitivity as primary mutation. Resistance as
secondary mutation
Resistance as secondary mutation
OR 25%. Primary mutation sensitive in vitro. Resistance
as secondary mutation

PDGFRA mutation
Exon 18
Exon 12
Exon 14
Exon 18 D842V
BRAF mutation
SDH mutation
No KIT, PDGFRA or BRAF mutation

OR 50%
Increased sensitivity
Increased sensitivity in vitro
Decreased sensitivity
Resistance
Decreased sensitivity
OR 28%

[25]

Regorafenib

[28]

CB 34%
CB 34%

Increased sensitivity
Unknown

CB 100%

Unknown

Unknown
CB 0%

Unknown
Unknown

CB 0%
CB 0%
Unknown
Decreased sensitivity
Resistance
Unknown
CB 56%

Unknown
Unknown
Unknown
Unknown
Unknown
Increased sensitivity
Some activity

Objective response (OR) is defined as a complete or partial response by Response Evaluation Criteria for Solid Tumors (RECIST) criteria, excludes nonevaluable patients. Clinical benefit (CB) is defined as response or stable disease for 6 mo or more according to RECIST. PDGFRA: Platelet-derived growth
factor receptor alpha; SDH: Succinate dehydrogenase.

[23]

type genotype for patients with advanced GISTs .
The American College of Surgeons Oncology Group
led a trial studying the long-term outcome of patients
categorized as high risk of recurrence who underwent
complete gross GISTs resection followed by adjuvant
imatinib at 400 mg/d for 1 year. After a median
follow-up of 7.7 years, the 1-, 3- and 5-year overall
survival rates were 99%, 97% and 83% respectively,
which compared favorably with a historical 5-year
overall survival rate of 35%. The 1-, 3- and 5-year
recurrence-free survival rates were 96%, 60% and
40% respectively. On univariate analysis, age and
mitotic rate were associated with overall survival. On
multivariate analysis, the recurrence-free survival rate
was lower with increasing tumor size, small bowel
site, KIT exon 9 mutation, high mitotic rate, and older
[24]
age .
TKIs other than imatinib are considered as secondgeneration TKIs, and include sunitinib, regorafenib,
sorafenib, nilotinib, dasatinib and pazopanib. Table 3
summarizes the implication of different mutations in
GISTs and their response to TKI therapy.
Sunitinib was approved by the FDA for the treatment
of imatinib-resistant GISTs in 2006 and is considered as
[25]
[26]
second-line TKI . Heinrich et al
discovered clinical
activity of sunitinib after imatinib failure is significantly
influenced by both primary and secondary mutations in
the predominant pathogenic kinases that implicate the
optimum treatment of patients with GISTs.
Regorafenib was approved by the FDA in 2013
to treat advanced GISTs that cannot be surgically
removed and are resistant to other TKIs, and it is
[27]
considered as third-line TKI . The long-term follow-up
results of the multicenter phase Ⅱ trial of regorafenib
in patients with metastatic or unresectable GISTs after
failure of imatinib and sunitinib showed benefit in
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patients with primary KIT exon 11 mutations and SDH[28]
deficient GISTs .
The use of other TKIs, apart from imatinib, sunitinib
and regorafenib, is still being evaluated and remains
debated. In a Korean clinical trial in 2012, sorafenib
was shown to maintain disease control in one-third of
the patients with metastatic GISTs who had otherwise
[29]
failed with two or more TKIs .
In a phaseⅠstudy of single-agent nilotinib or in
combination with imatinib in patients with imatinibresistant GISTs showed some partial clinical response
[30]
but required phase Ⅱ doses for further evaluation .
In a phase Ⅱ study of imatinib-resistant GISTs
treated with dasatinib, there was a significant activity
by objective response rate but it did not meet the
predefined 6 mo progression-free survival rate of
[31]
30% . There is an American phase Ⅱ clinical trial
of dasatinib in advanced sarcoma including GISTs
patients and a European phase Ⅱ trial of dasatinib
[32,33]
as first-line therapy in GISTs patients
. Both trials
have stopped recruiting participants and the conclusion
of the study is expected in the future.
[34]
In a phase Ⅱ French trial, Mir et al
showed that
pazopanib plus best supportive care improves pro
gression-free survival compared with best supportive
care alone in patients with advanced GISTs resistant
to imatinib and sunitinib. This trial provides reference
outcome data for future studies of targeted inhibitors
in the third-line setting for this group of patients.
Other TKIs identified in clinical trials include masi
tinib (AB1010), crenolanib (CP-868,596), AZD2171,
vatalanib (PTK787), OSI-930, TKI258 and DCC-2618
(Table 4). A biologics inhibitor of KIT and PDGFRA called
olaratumab (IMC-3G3) was trialed (NCT01316263) but
the development was put on hold and the stage 2 of
this study was not completed.
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Table 4 Potential treatment targets for gastrointestinal stromal tumors
Category
TKI of KIT and PDGFRA

Biologic inhibitors of KIT
and PDGFRA
HSP90 inhibitors

Inhibitors of pathways
downstream of KIT and
PDGFRA
Cell cycle inhibitors
Insulin-like growth
factor pathway inhibitors

Name

ClinicalTrials.gov Identifier

Masitinib (AB1010)
Crenolanib (CP-868,596)
AZD2171
Vatalanib (PTK787)
OSI-930
TKI258
DCC-2618
Olaratumab (IMC-3G3)

NCT00998751 (U)[57]
NCT02847429 (R), NCT01243346 (C)[58]
NCT00385203 (C)[59]
NCT00117299 (C), NCT00655655 (A)
NCT00513851 (C)
NCT01478373 (C), NCT01440959 (C)
NCT02571036 (R)
NCT01316263 (C)

Retaspimycin (IPI-5040)
BIIB021 (CNF2024)
Ganetespib (STA-9090)
AUY922
AT13387
RAS/RAF/MEK/ERK/MAPK inhibitors: MEK162
AKT inhibitors: perifosine
mTOR inhibitors: everolimus (RAD001)
mTOR inhibitors: temsirolimus (Torisel)
Alvocidib (Flavopiridol)
OSI-906

NCT00276302 (C), NCT00688766 (T)
NCT00618319 (C)
NCT01039519 (C)
NCT01389583 (R), NCT01404650 (C)
NCT01294202 (C)
NCT01991379
NCT00455559 (C)[60]
NCT01275222 (C), NCT00510354 (C), NCT02071862 (R)
NCT00700258 (R)
NCT00098579 (C)
NCT01560260 (C)[61]

R: Recruiting; T: Terminated; C: Completed; A: Active, not recruiting; U: Unknown. PDGFRA: Platelet-derived growth factor receptor alpha.

signaling synergistically destabilizes the transcription
factor called ETV1 and suppresses GIST growth. The
combination of MAPK inhibitors and TKIs to target
ETV1 may provide an effective therapeutic strategy in
GISTs clinical management. There is currently a trial
recruiting participants to study MEK162 in combination
with imatinib in patients with untreated advanced
[41]
GISTs .
In another emerging target category, Falkenhorst
[42]
et al discovered inhibitor of apoptosis proteins (IAPs)
such as XIAP and survivin are commonly dysregulated
in GISTs. Future study to assess the combination of
imatinib with an IAP antagonist such as YM155 to
enhance the pro-apoptotic activity in GISTs is therefore
needed.
There was a clinical trial study looking at the role
of immunotherapy by combining pegylated-interferon
α-2b with imatinib for treatment of stage Ⅲ/Ⅳ GISTs
that yielded highly promising clinical outcomes. The
trial was terminated early in 2012 in preparation for a
[43]
larger future trial . Table 4 summarizes the potential
treatment targets in GISTs under clinical trials. The trials’
information was obtained from https://clinicaltrials.gov/
ct2/home online.

CURRENT RESEARCH IN GISTs
The emergence of TKI-resistant GISTs has led to
further research in understanding of this treatment
failure and the alternative signaling mechanism con
ferring GIST survival. The research to find new drugs,
particularly targeted therapy, is being evaluated.
[15]
Agaram et al
found that BRAF mutations
appear to be associated with a higher malignant risk
and resistance to TKI compared to KIT and PDGFRA
mutations. Kinase inhibitors targeting BRAF may be
considered as an effective therapeutic option in this
[35]
GISTs subset. Falchook et al
published the first
report on BRAF inhibitor, dabrafenib (GSK2118436),
which showed prolonged anti-tumor activity in V600E
BRAF-mutated GIST patients. There is presently no trial
in GISTs looking at BRAF inhibitors.
In a phase Ⅱ trial study of heat shock protein
(HSP)90 inhibitor, BIIB021, given to patients with
GISTs refractory to imatinib and sunitinib, promising
[36]
response was shown . This result encourages future
development of HSP90 inhibitors in TKI-resistant
GISTs. A next phase study evaluating BIIB021 in GISTs
is therefore warranted.
Testing for germline mutations in SDH is presently
recommended for patients with GISTs lacking mutations
[37]
in KIT, PDGFRA and BRAF . There is an ongoing
phase Ⅱ trial of vandetanib in children and adults
with “wild-type” GISTs but it is currently not recruiting
participants and the estimated study conclusion will be
[38]
available in 2023 . Another study currently recruiting
participants is the glutamine inhibitor CB-839 trial in
[39]
solid tumors including SDH-deficient GISTs .
[40]
Ran et al
recently reported the combined in
hibition of mitogen activated kinase (MAPK) and KIT
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CURRENT TREATMENT GUIDELINES FOR
GISTs
Most countries have their own clinical practice guide
lines for GISTs, such as the American National Com
prehensive Cancer Network (NCCN) (2010 update),
the European Society of Medical Oncology (ESMO)
(2012), the French National Federation of Cancer
Centers consensus guidelines (in French) (2005),
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the Japan Society of Clinical Oncology (2008), the
Korean GISTs guidelines (2012 Update), the Canadian
Advisory Committee on GISTs statement (2006) and
the Association of Upper Gastrointestinal Surgeons of
[44-50]
Great Britain and Ireland (AUGIS) (2009)
. Most
recently, the Asian Consensus Guidelines (2016) for
the Diagnosis and Management of GISTs was published
[51]
to promote optimal care for Asian populations .
The NCCN task force report update on GISTs
management is quite comprehensive and detailed, and
covers over 41 pages. It described the epidemiology
from the Surveillance, Epidemiology and End Results
data from the National Cancer Institute, the clinical
presentation, the pathology and differential diagnosis
using immunohistochemistry and gene expression
profiling, the recommendations for diagnosing GISTs,
the significance of KIT and PDGFRA mutation status,
the recommendations for mutational analysis, the
management of adult vs pediatric patients with GISTs,
the principles of surgery for GISTs, the need for
multidisciplinary management for primary, recurrent or
[44]
metastatic GISTs and the imaging of GISTs .
The ESMO clinical practice guidelines on GISTs
describes the incidence of GISTs in Europe, the strategy
to diagnose GISTs, the stage classification and risk
assessment (does not recommend TNM classification),
the staging procedure using CT, MRI and FDG-PET
scan, the treatment planning involving multidisciplinary
team for localized and metastatic disease, the response
evaluation and optimal follow-up for different risk
[45]
categories .
In the Asian consensus guidelines for diagnosis and
management of GISTs, some points were highlighted.
Firstly, it recommends the minimal 3-year treatment
with imatinib before and after surgery for high-risk
GISTs. Secondly, it recommends early evaluation of
tumor response after 1 mo of neoadjuvant imatinib
treatment, when genotyping is not feasible for primary
gastric GISTs. Thirdly, it suggested a prospective study
on the feasibility and efficacy of high-dose imatinib
therapy in Asian patients. Lastly, it recommends
imatinib rechallenge instead of discontinuing TKI
treatment if third-line regorafenib is not available or
[51]
failed .
In summary of these published treatment guide
lines, the general consensus is complete surgical
resection of GISTs as the first step when possible.
Surgery is potentially curative for primary GISTs that
have not metastasized and the probability of recurrence
will depend on the malignant potential risk stratification
criteria.
GIST cases that are initially inoperable may be
given neoadjuvant therapy with the first-line TKI
imatinib to improve resectability. Following complete
removal of primary GISTs, patients with a higher risk of
tumor recurrence may consider adjuvant therapy with
first-line TKI. Patients with metastatic GIST disease,
even if removed, will benefit from TKI to maintain dis
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ease control.
For patients with imatinib-resistant GISTs, sunitinib
is a second-line drug treatment whilst regorafenib is
the third-line drug for imatinib- or sunitinib-resistant
GISTs. Some drugs approved for other conditions
may be prescribed off-label for GISTs at a physician’s
discretion but with a caveat, and clinicians are advised
to follow the local guidelines. New molecular targeted
drugs are being tested in many clinical trials and
some are still under development. An algorithm for
the management of GISTs based on the summary of
current guidelines is included (Figure 7).

PROGNOSIS
Data from pooled analysis of 2560 patients diagnosed
with operable GISTs who were not given adjuvant
therapy gave the estimated 15-year recurrence-free
[52]
survival after surgery at 59.9% . Whilst in a trial
previously alluded to with resected GISTs deemed high
risk were subsequently treated with imatinib showed
[24]
the 5-year overall survival rate of 83% . In a different
follow-up study to assess the long-term survival of
695 patients with metastatic GISTs who were treated
with imatinib, the estimated 10-year overall survival is
[53]
23% .
There was an interesting Dutch study which high
lighted that severe fatigue occurred in 30% of patients
with GISTs and in 33% of patients with GISTs who
took TKIs. The disabling fatigue was associated
[54]
with psychological distress and physical function .
In another survey study, the long term functional
outcomes of laparoscopic resection of gastric GISTs
were investigated by utilizing the Gastrointestinal
Quality of Life Index (GIQLI). Most patients reported
no change in symptoms and the GIQLI scores were
within the normal range, with minimal effect on long[55]
term quality of life .

FUTURE GIST TREATMENT TRENDS
[56]

About 5 years ago, Dematteo
proposed a concept
of personalized therapy for GISTs. With accumulating
research data in biology, such as genetic mutations and
adjuvant or neoadjuvant therapy with systemic drugs,
it is considered true that personalized assessment and
therapy may appear to be the future trend for GIST
management.
Complete surgical resection of GISTs is the gold
standard of primary treatment when possible, with
or without the adjunct of molecular targeted drug
therapy. Through the understanding of the mutations
of GISTs and addressing treatment resistance with
TKIs, new treatment ideas such as combination trials
of TKI plus other drugs, TKI plus surgery in specified
sequences, newer line TKIs, inhibitors of BRAF, HSP
inhibitors, inhibitors of downstream pathways such as
MAPK, IAP inhibitors and immunotherapy may play
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Diagnostic work up and MDT discussion
for the management of GISTs

Metastatic/unresectable

Localized/resectable

Baseline CT and
histological confirmation

Histological confirmation

Surgical resection

GIST

Risk stratification
and genetic mutation
analysis

Not GIST

Imatinib as palliative or
neoadjuvant treatment

Other appropriate
MDT referral

CT at 1-3 mo
Very low risk: clinical follow-up
Low risk: CT at 3 mo
and clinical follow-up
Intermediate risk: consider
adjuvant imatinib for 3 yr
CT at 3 mo, then 6 monthly
for 2 yr and then annually for
5 yr

Surgery if GIST becomes
resectable
Recurrence: MDT
discussion, consider
imatinib or other TKI or
further resection

Escalate dose if required

High risk: consider adjuvant
imatinib for at least 3 yr

If imatinib resistant,
consider sunitinib

CT at 3 mo for 2 yr, then 6
monthly for 2 yr and then
annually

If imatinib and sunitinib
resistant, consider
regorafenib
If TKIs resistant, consider
inclusion in appropriate
clinical trials

Figure 7 Algorithm for the management of gastrointestinal stromal tumors. GIST: Gastrointestinal stromal tumor; CT: Computed tomography; TKI: Tyrosine
kinase inhibitor.

important roles as molecular targeted therapy in the
future.
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Abstract
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Nearly half of the global population are carriers of

Helicobacter pylori (H. pylori ), a Gram-negative
bacterium that persists in the healthy human stomach.

H. pylori can be a pathogen and causes development

Tatiana Magomedalievna Reshetnyak, Department of
Systemic Connective Tissue Diseases, VA Nasonova Research
Institute of Rheumatology, 115522 Moscow, Russia

of peptic ulcer disease in a certain state of the macro
organism. It is well established that H. pylori infection
is the main cause of chronic gastritis and peptic ulcer
disease (PUD). Decontamination of the gastric mucosa
with various antibiotics leads to H. pylori elimination
and longer remission in this disease. However, the
reasons for repeated detection of H. pylori in recurrent
PUD after its successful eradication remain unclear. The
reason for the redetection of H. pylori in recurrent PUD
can be either reinfection or ineffective anti-Helicobacter
therapy. The administration of antibacterial drugs can
lead not only to the emergence of resistant strains of
microorganisms, but also contribute to the conversion
of H. pylori into the resting (dormant) state. The
dormant forms of H. pylori have been shown to play a
potential role in the development of relapses of PUD.
The paper discusses morphological H. pylori forms,
such as S-shaped, C-shaped, U-shaped, and coccoid
ones. The authors proposes the classification of H.
pylori according to its morphological forms and viability.
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Core tip: The administration of antisecretory and
antibacterial drugs can lead to the conversion of
Helicobacter pylori (H. pylori ) into the resting (dormant)
state. C-shaped and U-shaped forms of H. pylori , most
likely, are dormant forms of the bacteria. C-shaped
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and U-shaped forms of H. pylori are capable of reverse
transition into the vegetative replicative state and of
causing development of recurrence of peptic ulcer
disease (PUD). The induction of process reversion
occurs under the influence of specific molecules.
The identification and study of these compounds will
allow development of new drugs aimed at preventing
recurrent PUD associated with dormant forms of
H. pylori .

H. pylori infection is important in the mechanism of
[9]
PUD development . H. pylori was first reported in
1875 when Bottcher and Letulle observed it on the
[10]
margins of peptic ulcers . The bacterium did not
grow in the artificial nutrient media that were known
at that time, and this accidental discovery was long
forgotten. In the 1980s, Australian pathologist Robin
Warren together with Barry Marshall isolated H.
pylori from human gastric mucosal biopsy specimens
and cultured it in artificial nutrient media. Warren
and Marshall suggested that most gastric ulcers
and gastritis in humans might be associated with H.
[11,12]
pylori infection
. Marshall demonstrated the role
of H. pylori infection in the development of gastro
intestinal diseases in 1983. He drank a culture of the
bacterium to prove the etiological role of H. pylori in
the development of antral gastritis. Thereafter, he
developed H. pylori-associated antral gastritis. After
that, many researchers concentrated on the study of
[13]
H. pylori .
There has been gradually increasing evidence that
duodenal ulcers and duodenitis are also associated with
[14-16]
H. pylori infection
. In 2005, Warren and Marshall
received the Nobel Prize in Physiology or Medicine for
[12]
the discovery of H. pylori pathogenicity and rekindled
interest in the study of this microorganism. Since
then, the association of H. pylori with digestive system
diseases has been the subject of much research
[10,16]
attention
.

Reshetnyak VI, Reshetnyak TM. significance of dormant forms
of helicobacter pylori in ulcerogenesis. World J Gastroenterol
2017; 23(27): 4867-4878 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i27/4867.htm DOI: http://dx.doi.
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INTRODUCTION
Peptic ulcer disease (PUD) is a problem that is tradi
[1]
tionally the center of attention of gastroenterologists .
Many aspects of this pathology have been well studied.
The disease develops as a result of the influence of a
set of various exogenous and endogenous etiological
factors. There are many theories of PUD development,
including vascular, inflammatory-gastritis, allergic,
hormonal, motor-primacy, corticovisceral, neurogenic,
psychosomatic, acido-peptic and infectious ones. Each
of them deserves attention, as it reflects one of the
facets of this complex problem. The diversity of the
causes that lead to the pathological process allows PUD
to be considered as a polyetiologic and polypathogenic
disease.
PUD with a frequently recurrent or long-term
healing ulcer of the stomach or duodenum generally
occurs in the presence of chronic active gastritis
or chronic active duodenitis, both of which are
associated with Helicobacter pylori (H. pylori) infection.
Decontamination of the gastric mucosa (GM) with
various antibiotics results in H. pylori eradication and
[2-6]
longer remission in PUD . However, the reasons for
repeated detection of H. pylori in relapsed PUD after its
supposedly successful eradication remain unclear. This
may be due to either reinfection or ineffective antiHelicobacter therapy. In most cases, the administration
of antibacterial drugs leads to complete H. pylori
eradication, but can give rise to resistant bacterial
strains and facilitate the conversion of H. pylori into the
[7]
resting (dormant) forms . It is therefore relevant to
study dormant H. pylori forms, as well as their values
[8]
in ulcerogenesis .

Risk of digestive system diseases caused by H. pylori

H. pylori is one of the most common infections world
wide. H. pylori infection is highly prevalent throughout
[10]
the world, especially in developing countries . Nearly
half of the global population are carriers of H. pylori, a
Gram-negative bacterium that persists in the human
[12,17-21]
stomach and duodenum
. H. pylori gastric
colonization is acquired early in life (almost always
before the age of 10 years), and, in the absence of
[12,22,23]
antibiotic therapy, generally persists for life
. The
prevalence of H. pylori ranges from 35% to 90% in
[21,24-28]
different populations
. It presents in 70%-90% of
the population in developing countries and 35%-40%
[21,29]
in developed ones
.
Moscow falls into a group of cities with extremely
high H. pylori infection prevalence, with the predo
[30]
minance of virulent bacterial strains . It is reported
that 88% of the Moscow working population is infected
with H. pylori. Its prevalence is 78% in people younger
than 30 years and about 97% in individuals older
[30]
than 60 years . The prevalence of H. pylori infection
is high in developing countries, especially among
children. In India, the prevalence of this infection is
22%, 56% and 87% in the 0-4, 5-9 and 10-19 year
[21,31]
age groups, respectively
. H. pylori is usually
[13]
the numerically dominant gastric microorganism .
However, PUD occurs only in a small percentage of H.
[32]
pylori carriers .
H. pylori does not typically cause any adverse

H. PYLORI IS ONE OF THE ETIOLOGICAL
FACTORS OF PUD
Landmarks in the history of H. pylori studies

The accumulated scientific data can confirm that
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macroorganism create a finely tuned balance system,
the resulting impairment of which develops a specific
[44]
disease with certain clinical signs and prognosis .
In the vast majority of cases, long-lasting H. pylori
infection induces chronic gastritis, while only some
patients develop PUD and gastric cancer. For this
reason, the bacterium is considered to be a risk factor
[45,46]
for the development and recurrence of PUD
.
Therefore, H. pylori is assigned to the group of
pathogenic bacteria. Antibiotic treatment of PUD
[12]
results in bacterial disappearance and ulcer healing .
Marshall and Warren reported that eradication of
the bacteria significantly reduced the duodenal ulcer
[12]
relapse rate .

Figure 1 Morphology of Helicobacter pylori. S-shaped H. pylori with five
to seven sheathed polar flagella. Field emission SEM, bar = 0.5 μm. (Field
emission SEMs courtesy of L. Thompson and negative stains courtesy of S.
Danon, School of Microbiology and Immunology, University of New South
Wales). From: Helicobacter pylori: Physiology and Genetics. Mobley HLT,
Mendz GL, Hazell SL, editors. Washington (DC): ASM Press; 2001. Chapter 6,
Morphology and Ultrastructure[54].

Characteristics of H. pylori

The genus Helicobacter (helix and bacteria) is
[47]
heterogeneous . The Helicobacter genus now
includes at least 26 formally named species, and more
[48,49]
that are still being studied
. Some of them were
previously known by other names. Humans have been
found to have only 11 Helicobacter species: H. pylori,
H. heilmannii, and H. felis in the GM, H. cinaedi (H.
westmeadii, H. canadensis), H. fennelliae, H. canis, H.
pullorum, and H. rappini in the small intestinal mucosa.
Some Helicobacter species have been isolated from
the human hepatobiliary system: H. pylori from the
liver, H. bilis, H. pullorum, and H. rappini from the bile
ducts. H. pylori is the best known bacterium. H. pylori
[46]
includes several strains . H. pylori strains isolated
from unrelated humans exhibit a high level of genetic
[50]
diversity (reviewed in Blaser MJ and Berg DE ). The
genetic structure of the pathogenic genes of H. pylori
varies largely, which contributes to the differences
in virulence among various strains and in clinical
[15]
symptoms . H. pylori strains differ in resistance to
drugs, adhesive specificity and production of cytotoxins.
H. pylori (Figure 1) is a small, Gram-negative,
asporogenous, S-shaped or slightly spirally curved,
[51-53]
microaerophilic bacterium
.
Thirty-seven degrees Celsius and pH 4.0-6.0 are
the most favorable conditions for the life, growth,
and reproduction of H. pylori; although, the species
also survives at pH 2.5. H. pylori in vivo and under
optimum in vitro conditions exists as an S-shaped
bacterium with 1 to 3 turns, 0.5 μm × 5 μm in length,
[54-56]
and a tuft of 5 to 7 polar sheathed flagella
. The
bacterial cell is covered with a smooth sheath. The
flagellum of H. pylori is 30 nm in diameter, consisting of
an internal filament approximately 12 nm in diameter
surrounded by a sheath, the outer membrane of which
[54-56]
is continuous with the outer membrane of the cell
.
Unipolar flagella are essential for the unique motility
[57]
[57]
of H. pylori . Qin et al employed cryo-electron tomo
graphy to visualize intact H. pylori cells, with a particular
focus on the flagella. Remarkably, the unipolar flagella
of H. pylori are driven by one of the largest flagellar
motors found in bacteria. The flagellar motor provides

[13]

effects . Many people infected with H. pylori are
[33]
shown to remain asymptomatic carriers . It has
turned out that H. pylori may behave as a commensal
[34-37]
or symbiont, depending upon the circumstances
.
The idea that H. pylori might actually confer benefits
to humans has engendered considerable controversy
among investigators. The data of the potential
importance of health benefits that might be afforded
by H. pylori are considered and debated in the review
[13]
by Cover and Blaser . It has been presumed that the
conserved microbiota have specific adaptations that
[13]
permit persistence at particular locales .
In the 1980-1990s, researchers studied the role of
H. pylori as an important factor in the etiopathogenesis
of PUD. Human gastric colonization by the bacterium
H. pylori is a predisposing factor for gastrointestinal
[13,38]
diseases, such as gastritis and PUD
. Strong links
[39]
exist between PUD and H. pylori infection . So,
H. pylori detection rates in PUD vary from 60% to
100%. There is also a strong relationship between
[21]
H. pylori and duodenal ulcer . H. pylori has been
shown to be one of the important local factors
[40,41]
involved in the development of ulcerative defect
.
The manifestations associated with chronic H. pylori
infection vary considerably among distinct geographic
regions and these differences have been attributed
at least in part to polymorphisms of H. pylori genes,
[15]
particularly those encoding virulence factors . H.
pylori is an important gastrointestinal pathogen
associated with gastritis, PUD, and an increased risk
[22]
of gastric carcinoma . The presence of H. pylori in
the gastroduodenal mucosa and its involvement in the
development of chronic gastritis, PUD, carcinoma and
[9,15,23,42]
other diseases are well documented
.
Blaser considers that H. pylori shows its patho
genicity, by regulating the expression of different
genes to the extent that is dictated by the response
[13,43]
of a macroorganism
. The microorganism and
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[63]

can be transformed into a latent coccoid form .
The ability of H. pylori to transform from the spiralshaped form to the coccoid form is one of its most
important, but not exclusive properties. Through the
course of evolution, H. pylori has evolved special
adaptive mechanisms and acquired vital physiological
properties allowing it to survive extreme situations in
the human organism, when cultivated, and to survive
[64]
in the external environment .
The bacterium transforms from spiral to coccoid
under mild circumstances, whereas under extreme ones
it is unable to undergo shape modification. This strongly
supports the view that transformation into the coccoid
form is an active, biologically led process, switched on
[62,65]
by the bacterium as a protection mechanism
. This
study demonstrates that the coccoid shape is in fact a
manifestation of cell adaptation to less than optimum
environments.
[66]
Saito et al identified three types of coccoid forms
of H. pylori. The authors claim to represent different H.
pylori transformation processes and consist of bacteria
that are dead, living and cultivated, and viable but
[62,66]
. Controversy exists as to whether
non-culturable
[54]
these cells are viable, dormant or just dead .
The initial stage of H. pylori transformation in the
coccoid form is accompanied by the condensation
of the protoplasmic matrix and an increase in the
periplasm on one side of the microorganism (usually
at the pole opposite to the flagellar basal complex).
An increase in the volume of the periplasmic space
leads to stretching of the cell wall, displacement of the
protoplasmic matrix to the periphery, and accumulation
of dense material, that results in the formation of
[54]
C-shaped and/or U-shaped cells (Figure 3) .
These C-shaped and/or U-shaped forms then
convert to the coccoid cells, with an increase in the
protoplasmic cylinder and maintenance of the double
[54]
membrane system (Figures 3 and 4) . In their work,
[67]
Mouery et al
have shown transmission electron
micrographs of typical stages of the helical-to-coccoid
transformation. C-shaped and/or U-shaped forms of H.
[67-69]
pylori are an intermediate state of the bacteria
.
The C-shaped and/or U-shaped forms of H. pylori
are an intermediate bacterial type transforming into an
inactive phase (dormancy). Dormancy is understood
to be a reversible state of bacterial cells with a low
metabolic activity, in which they can be for a long
[63,70,71]
time without replication
. In microbiology, this
condition has, until recently, been associated with the
presence of forms, such as spores and cysts. In the
th
late 20 century, the literature began to discuss the
possibility of formation of dormant (resting) forms
[63,72]
that encompass
by non-spore-forming bacteria
most Gram-negative pathogenic bacteria, including
H. pylori. Dormancy is characterized by the increased
resistance of bacterial cells to extreme stresses
(deficiency of nutrients, effects of antisecretory drugs,
[73]
antibiotics, etc.) and favors their survival . The ability

Figure 2 Microscopic images of coccoid forms of Helicobacter pylori after
6-d exposure to antibiotics. From: Faghri et al[65].

higher torque needed by the bacterium to navigate
the viscous environment of the human stomach. Thin
sections of H. pylori reveal the typical cell wall detail
of a Gram-negative bacterium that consists of outer
and inner, or plasma, membranes separated by the
[54]
periplasm of approximately 30 nm thickness . H.
pylori has inherent corkscrew motility. The presence
of flagella, a smooth cell sheath, a spiral shape, and
corkscrew motility allows this microorganism to move in
the mucus thickness along the pH gradient and serves
as its virulence factor. In addition, the flagella contribute
to the aggregation of H. pylori to colonize the latter on
[58]
the epithelial surface of GM .
[13]
The stomach is the major habitat of H. pylori , but
[13,18,59]
it may also survive in other environments
. The
habitat of H. pylori may be the proximal duodenum
or distal esophagus. This is usually accompanied by
[13]
gastric metaplasia at these sites . A gene that is
pathognomonic for duodenal ulcer and called dupA
(duodenal ulcer promoting gene), which encompasses
the two H. pylori genes of jhp0917 and jhp0918, has
[60]
been discovered . This gene increases the survival
of the microorganism at low pH values. The presence
of the dupА gene is associated with a high risk for
duodenal ulcer and with a low risk for gastric atrophy
[61]
and cancer .

COCCOID AND DORMANT FORMS OF H.
PYLORI
Morphological forms of H. pylori

All living organisms are equipped with mechanisms
that allow extended survival in adverse environments.
For a number of them, this response involves, besides
[62]
metabolic adaptations, changes in cell morphology .
H. pylori is mainly present as a spiral-shaped form
in human gastric biopsy specimens. On aging, the
bacterial cells lose their typical spiral-shaped form
[54]
and convert to coccoid ones (Figure 2) . When
influenced by adverse factors (temperature or pH
changes, prolonged fasting when cultivated, or use of
antibacterial drugs), non-spore-forming microorganisms
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set of flagella and retains metabolic activity to ensure
[68]
mobility comparable to that of spiral-shaped forms .
The fully-formed coccoid forms maintain the
basic pattern of a bacterial cell structure (Figure 4).
They have a cell wall, cytoplasmic membrane and
[56,62,67,69,74]
cytoplasm
. The coccoid cells differ in details
of the cell wall structure, which leads to impairment of
recognition of the bacteria by the host immune system
[68]
(bacterial mimicry) .
The accumulated scientific data suggest that there
are three morphological forms of H. pylori: (1) S-shaped
forms; (2) U-shaped and C-shaped (intermediate or
transitional) forms; and (3) Coccoid forms.
The intermediate and coccoid forms can coexist
[75]
in the mucosa or in the culture in various ratios .
Their ratio depends on the time of H. pylori being
present under adverse conditions and on the level of
exposure to adverse factors. Spiral-shaped forms were
predominant in a 3-d culture of H. pylori; about half
[76-78]
of the bacteria are coccoid forms at 6 d
. Mouery
[67]
et al
show the graphical distribution of the ratio of
morphological forms of H. pylori after 12, 24 and 48
h of cultivation. The distributions of morphologies of
more than 100 cells of each genotype for each time
[67]
point are shown . The number of coccoid forms
increases with the longer time of cultivation. This
happens due to the transition of C-shaped and U-shaped
forms of H. pylori to coccoid ones.
The C-shaped, U-shaped and coccoid forms of
H. pylori lose enzyme activity and show a lower
[79]
metabolism . The urease activities of resting
(dormant) and coccoid cells were found to be lower
[80,81]
than those of the spiral-shaped form of H. pylori
.
A significant transformation of H. pylori into coccoid
forms may result in loss of urease activity. However,
urease-encoding genes continue to be identified in
[69,81,82]
H. pylori by polymerase chain reaction (PCR)
.
The minimization of enzyme activity and energy
metabolism in the transformable H. pylori forms is
adaptive and aimed at preserving the viability of
[65,83]
microorganisms
. Bacterial viability has been
confirmed by the fact that the transformed forms of H.
[69,84]
pylori can be detected by acridine orange staining
.
The C-shaped, U-shaped and coccoid forms of H. pylori
tolerate a wider pH range to a greater extent than
the spiral-shaped forms, are resistant to unfavorable
factors and antibiotics, and cannot lose virulence. All
this creates favorable conditions for the preservation
of bacteria in the human body or in the external
environment.
The triggers of H. pylori transformation from spiralshaped to coccoid forms in the environment may be
physical factors: higher insolation, low humidity, and
[77,85]
lack of food substrates
. During bacteriological
cultivation, transformation into the coccoid forms
occurs due to the depletion of adequate components of
[85,86]
the nutrient medium
. H. pylori transforms in the
human body due to changes in the habitat conditions
upon exposure to antisecretory and antibacterial

Figure 3 Microscopic images of morphological forms of Helicobacter
pylori after exposure to antibiotics: S-shaped, U-shaped, C-shaped and
coccoid-shaped. From: Faghri et al[65].

A

B

Figure 4 Electronograms of coccoid forms of Helicobacter pylori. A:
Initial ingrowth in the periplasmic space resulting in the formation of U-shaped
cells; B: Conversion to the coccoid form. Ultrathin section, bar = 0.5 μm. From:
Helicobacter pylori: Physiology and Genetics. Mobley HLT, Mendz GL, Hazell
SL, editors. Washington (DC): ASM Press; 2001. Chapter 6, Morphology and
Ultrastructure[54].

of H. pylori to go into a dormant state may be an
important factor in the epidemiology and spread of
helicobacteriosis. The C-shaped and U-shaped forms
of H. pylori can be considered truly a dormant form
[53]
capable of reinfection . The role of these forms in the
pathogenesis and transmission of infection needs to be
clarified.
The C-shaped and/or U-shaped forms of H.
pylori keep the polar membrane associated with the
[56,65]
flagellar basal complex
. Only a small number of
intermediate forms of H. pylori possesses a complete
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shape represents a degraded, nonviable form of the
[62,85,86,88-91]
cell
. Evidence supporting the concept that
the coccoid forms are degenerate and not capable of
growth comes from a number of studies showing that
as the cells age, the levels of DNA and RNA and mRNA
expression decrease with degradation of the nucleic
acids, nonrandom fragmentation of the ribosomal RNA,
and no evidence of a membrane potential necessary
[54]
for processes such as oxidative phosphorylation .
There is evidence that the coccoid forms lose their
reproductive ability, are unculturable in artificial
nutrient media, have no characteristic features under
a light microscope, and do not produce urease or
[65,79,81,86,92,93]
produce it in low amounts
. The infectivity
[94]
of coccoid H. pylori forms is still controversial .
There are opposing data regarding the viability of
the C-shaped, U-shaped and coccoid form of H. pylori.
[69]
A study by Khomeriki and Morozov
indicated that
the structural transformation of spiral-shaped forms of
H. pylori into the coccoid forms is not always a sign of
functional disintegration of the microorganism. There
is evidence confirming the viability of the transformed
[81]
forms of H. pylori . They maintain cell structure,
exhibit respiratory activity, support protein metabolism
and expression, and, in some cases, are capable of
reverse transition into the vegetative spiral-shaped
[92]
bacteria (on their passage through animals) . Cell
respiration is detected in up to 40% after 45 d in vitro
[54,95-97]
cultivation of H. pylori
. The findings of Poursina
[94]
et al
suggest that the induced coccoid form of H.
pylori is not a passive entity but can actively infect a
human by expression of the virulence genes after a
long stay in the stomach and may contribute to the
development of chronic and severe disease. Flow
cytometry analyses show that the majority of the
[94]
induced coccoids (90%-99.9%) are viable .
There is evidence of the viability of the transformed
forms of H. pylori obtained using biochemical methods.
The cultures consisting of intermediate and coccoid
forms have been found to retain oxidative metabolism
at the same level as spiral-shaped forms for several
[98]
months . They maintain a high level of alkaline
and acid phosphatases and a stable ATP level that
increases if a number of fresh nutrient medium is
[80-82,99]
added to the old culture
. Incorporation of a
bromodeoxyuridine label into the transformed forms
is suggestive of their continuing synthesis of new
[65,69]
DNA
. So far, it is unconfirmed whether these data
indicate the viability of H. pylori or the persistence of
[98]
cells as ‘‘bags of enzymes’’ .
The contradictory data on the viability of the
transformable forms of H. pylori are likely due to the
fact that H. pylori coexists in coccoid and transitional
(intermediate C-shaped and U-shaped) forms under
unfavorable conditions in the human body or culture
media. It is impossible to isolate data on the viability
of intermediate and coccoid forms co-existing in the
same culture. Apparently, one part of transformed
cells in the population of H. pylori truly is degenerative,

Table 1 Detection of Helicobacter pylori in gastric mucosa
biopsy specimens from in-patients with duodenal ulcer by
quantitative urease test and polymerase chain reaction before
and one month after anti-Helicobacter therapy
Helicobacter pylori

Detection of

Quantitative
urease test

PCR

Difference between
methods

Before treatment, %
After treatment, %

93.4
11.1

98.7
24.1

5.3
13.0

PCR: Polymerase chain reaction.
[69]

drugs. Khomeriki et al have studied the time course
of changes in the transformation of H. pylori in the
GM. They have indicated that the spiral-shaped forms
transform into the coccoid ones a few hours after
[69]
adhesion to the cell surface of GM cells .
The conversion of the spiral forms of H. pylori to
its C-shaped, U-shaped and coccoid forms in the GM
and in the nutrient medium is due to the accumulation
of toxic metabolic products of H. pylori vital functions.
Reactive oxygen species generated by phagocytes or
by H. pylori itself in the presence of specific pyridine
nucleotides may trigger the formation of transitional
[69]
and coccoid forms in the GM of untreated patients .
When an unfavorable situation occurs, there is
accumulation of factors that induce the conversion of
cells in the bacterial populations to a dormant state.
[8]
Loginov et al carried out a comparative analysis in
which H. pylori in GM biopsy specimens from patients
with duodenal ulcer was detected by a quantitative
urease test and PCR before and a month after antiHelicobacter therapy. Prior to anti-Helicobacter therapy,
the detection rate of H. pylori in the GM biopsy
specimens from patients with PUD was 93.4% and
98.7%, as shown by the quantitative urease test and
PCR, respectively (Table 1). The difference of 5.3%
in the detection rate of H. pylori may be due to the
different sensitivities of these methods.
One month after eradication therapy, these patients
had H. pylori detected by the quantitative urease test
in 11.1% of cases and by PCR in 24.1%. The difference
between the methods was 13%, i.e., almost twice that
as before the treatment. These findings suggest that H.
pylori were not completely eliminated in some patients
at 1 mo after the anti-Helicobacter therapy, and the
H. pylori diagnosed by PCR were at least partially in a
dormant (resting) state and partly in coccoid forms.
The low urease activity (or lack thereof) of coccoid
H. pylori forms precludes identifying them by the
quantitative urease test. The data presented allow
us to indirectly suggest that after anti-Helicobacter
therapy, the dormant forms of H. pylori are present in
[7,87]
patients as a result of their incomplete elimination
.

Viability of dormant and coccoid forms of H. pylori

The pleiomorphic nature of H. pylori has been the
subject of intensive debate for many years, with part
of the scientific community arguing that the coccoid
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Physiological states and forms of

Helicobacter pylori
Culturable states:
ability of H. pylori to reproduce
U-shaped or of
C-shaped forms of

S-shaped forms of

Helicobacter pylori

Viable H. pylori
Capable to replication, i.e.,
culturable, by any states

Coccoid forms of

Helicobacter pylori

Helicobacter pylori

Dormant H. pylori
Reversible state. Not obviously viable or
not immediately viable, but culturable

Non-viable H. pylori
Unable to reproduce under
any states test conditions

Dormant H. pylori may be returned
to a vegetative states
Might be transformed into
non-viable state

Resuscitation
Return to a state of culturability

Figure 5 Major physiological states and forms of Helicobacter pylori[101]. H. pylori: Helicobacter pylori.
[100]

dead cells
(most likely it is the coccoid forms), and
the other is dormant cells, reversible forms (most
likely it is the C-shaped and U-shaped forms). There is
evidence confirming the concept of viability of H. pylori
dormant forms that indicate saving of cellular integrity
[54]
and DNA synthesis in 3-mo-old cultures .
Available literature data may suggest the existence
of the following conditions for various forms of H. pylori
(Figure 5): (1) Viable and culturable (spiral-shaped
forms of H. pylori) states; (2) Dormant (resting) and
culturable (most likely it is the C-shaped and U-shaped
forms of H. pylori) states; and (3) Non-viable and
unculturable (most likely it is the coccoid forms of H.
pylori) states.
However, there are not enough solid data to
associate the particular morphological type (C-shaped,
U-shaped and coccoid forms) of H. pylori with the
[65]
functional characteristics of viability and culturability .
As a rule, the literature presents data on the viability
of either spiral or coccoid forms. When describing
the latter, the presence of dormant (transitional,
intermediate, resting) forms is not generally taken
into account. The C-shaped and U-shaped forms of H.
pylori are most likely in a dormant (resting) state and
[101]
can be a viable and culturable (Figure 5) .
And if so, once under favorable conditions, the
dormant (resting) forms of H. pylori can revert to
a vegetative spiral-shaped form. By using electron
[102]
microscopy, Konstantinova et al
have shown
that there are various defects in the cell wall of the
transformed forms of H. pylori. The authors point out
that before the reversion of the dormant forms of H.
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pylori to vegetative forms, there is a need for certain
conditions for the repair of cellular damages.
“Reanimated” H. pylori can play an important
role in the development of recurrent PUD after anti[81,96]
Helicobacter treatment
. The “revived” forms of
H. pylori are able to colonize the GM to subsequently
[78,95]
develop peptic ulcer relapse
. Continuation of
investigations in this area may reveal new important
aspects of the pathogenesis of H. pylori infection and
to find new ways to treat diseases associated with this
[69,89,96]
microorganism
.
Figure 5 suggests a classification of major physio
logical states and forms of H. pylori that is a hypothetical
scheme and requires further evidence. Existing con
flicting data on viability and culturability of various forms
of H. pylori fit well with this scheme and pass into the
category of comparable data.

DORMANT FORMS OF H. PYLORI IN THE
DEVELOPMENT OF RECURRENT PUD
The main challenge is to prove the reversion of trans
formable forms of H. pylori into a normal replicative
state. There is still no clear separation between the
true “revivals” of transformed forms of H. pylori that
are usually present in the population and secondary
infection with the microorganism.
Genetic typing of the same strain of the micro
organism has become possible with advances in
molecular diagnosis. By using the PCR-based restriction
fragment length polymorphism (PCR-RFLP) analysis,
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H. pylori strains in patients with duodenal ulcer were
genotyped before and 1 mo after anti-Helicobacter
[7,8,87,103,104]
therapy with incomplete elimination
. The
flaA gene (1.5 kb in size) encoding the flagellar protein
is one of the polymorphic ones in H. pylori. This gene
is used in genetic typing of H. pylori strains. Identical
H. pylori strains were detected in the same patient
before and after the anti-Helicobacter therapy. At that,
heterogeneous H. pylori strains were found in different
patients. The given data suggested that there was
neither superinfection nor reinfection with a new strain
at 1 mo after anti-Helicobacter therapy.
Warren and Marshall reported that eradication of the
bacteria markedly reduced the relapse rate of duodenal
[12]
ulcer . H. pylori eradication decreases the recurrence
rate of PUD from 50% to 0%-10% of cases per
[105]
year . Current treatment modalities allow eradication
of the H. pylori bacterium in up to 90% of cases (less
[106]
if there is clarithromycin resistance)
. During the
first years after effective anti-Helicobacter therapy, the
[107]
rate of H. pylori reinfection in adults is 0%-35%
.
The rate of H. pylori reinfection varies according
[106]
to geographical area
. Reinfection in developed
[108]
. In
countries is less common, in 0%-7% of cases
regions with higher socioeconomic status and lower
[106]
prevalence of H. pylori, it is only 1.68% of cases
.
The H. pylori reinfection rate in Lithuania is relatively
high (the annual rate being 3.36%), probably because
[105]
of the high prevalence of H. pylori
. This could
indirectly reflect differences in the socioeconomic status
[106]
between Western and Eastern European countries .
In contrast, in developing countries, the reinfection rate
could be much higher and has been reported to reach
[106,109,110]
9.63%
.
In some cases, recrudescence or reinfection of
[106]
[7]
H. pylori may occur
. According to Loginov et al ,
18.4% of H. pylori-positive patients were identified
among those with H. pylori-associated duodenal ulcer
a year after successful treatment. The recurrence rate
of PUD in these patients was 14.3%, which comprised
2.6% of the total number of patients included in the
study patients. Reinfection of H. pylori is observed
rarely and occurs during later periods. Reinfection is
considered when H. pylori is found after confirmed H.
pylori eradication. H. pylori strains genetically different
from the original ones are generally identified in
reinfection.
PCR-RFLP was used to detect H. pylori strains in
patients with duodenal ulcer before and 1 year after
[7,103,104]
. H. pylori strains
anti-Helicobacter therapy
were genotyped by the flaA gene. Genetic typing
of H. pylori strains revealed both cases of the same
strain of the bacterium in a patient before and 1 year
after anti-Helicobacter therapy, as well as cases of
its different strains. Gastroduodenoscopy (EGD) at 1
year after treatment revealed that all H. pylori-positive
patients had a pattern of exacerbation of chronic antral
gastritis. At that, 1 mo after anti-Helicobacter therapy,
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these patients were found to have no signs of any
gastric and duodenal changes during EGD.
Identification of the pattern of chronic antral
gastritis and different strains of the bacterium a year
after anti-Helicobacter therapy performed in patients
with duodenal ulcer could reveal a case of reinfection
with a new H. pylori strain in the patient successfully
treated against H. pylori. Identification of the pattern
of chronic antral gastritis and the same strain of H.
pylori a year after anti-Helicobacter therapy in patients
with duodenal PUD most likely suggests that the
bacterium is transformed from a dormant (resting)
state into the vegetative form. Hence, for successful
therapy, it is essential not only to eradicate the spiral
forms of H. pylori, but to eliminate its viable dormant
forms.

Factors contributing to the transformation of dormant
(resting) forms of bacteria into the vegetative ones
[111]

Mukamolova et al
have identified specific bacterial
cytokines from Mycobacterium tuberculosis, Myco
bacterium avium, Micrococcus luteus, etc., and showed
their important role in the activation and reproduction of
[111-114]
the dormant forms of the bacterium
. Cultivation
of M. luteus in the presence of a small number of
colony-forming cells in the starving population has
been ascertained to greatly facilitate the resuscitation
[115]
of dormant cells . The authors have suggested that
the viable cells are able to secrete certain substances
promoting the transition of dormant forms into an
[111,112,116]
active reproduction state
. A 16-17 kDa protein,
named resuscitation-promoting factor (Rpf), has been
[112-115]
isolated
. The protein promoted the “revival” of the
starving cells and reduced the lag phase of an active
culture in both the depleted and enriched nutrient
media. Using M. luteus as an example, Rpf has been
shown to stimulate the “reanimation” of dormant
cells. Rpf is a pheromone and belongs to the bacterial
[111]
cytokines .
Structural changes in the reversion of coccoid
forms of H. pylori in the vegetative state have not
been studied and their triggers are unknown. There
is no evidence that there are cytokine factors for
the activation of H. pylori reversion and growth. The
slightly acidic environment (pH of 5 to 3.5) is known
to be a factor that activates the process of protein
synthesis in H. pylori. Interestingly, in acting on coccoid
and spiral-shaped forms, the same acidic pH values
[78,117]
induce the synthesis of various proteins in them
.
Some of the H. pylori proteins, heat shock protein (Hsp)
in particular, have a trophic effect on the bacteria
themselves and can cause rearrangement of the cell
cytoskeleton, which may be a trigger for the reverse
transformation of dormant forms into vegetative ones.
Hsp synthesis is enhanced under the influence of a
number of environmental factors.
These subcellular proteins belong to the chaperones
essential for viability of the entire cellular profile of
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proteins involved in the processes of assembling for a
[118]
variety of high-molecular-weight proteins . H. pylori
possesses two of the most studied chaperones: HspA
(smaller) and HspB (larger), which are associated
with urease assembling. HspA differs in its properties
from analogous proteins of other bacteria. Being
strong antigens, H. pylori chaperones take a certain
part in the activation of lymphocytes, the regulation
of cytokine and chemokine expression, the induction
of apoptosis, etc. However, heat shock proteins play
a much more important role in the induction of an
autoimmune response due to the fact that they are
highly antigenically similar to the orthologic structures
[119]
of the GM
. It is possible that cytokine factors of
the macroorganism can play an important role in the
activation of bacterium dormant forms.
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CONCLUSION
It is necessary to continue studies aimed at identifying
specific cytokines or other metabolites of H. pylori,
which are able to activate the transition of dormant
forms of the microorganism into the vegetative spiral
state. This will be able to design new anti-Helicobacter
drugs to prevent the activation of dormant H. pylori
forms, as well as recurrent duodenal ulcer.
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Abstract
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The red blood cell distribution width (RDW) is a routinely
measured and automatically reported blood parameter,
which reflects the degree of anisocytosis. Recently, the
baseline RDW was found to have clinical significance
for assessing clinical outcome and severity of various
pathological conditions including cardiovascular
diseases, sepsis, cancers, leukemia, renal dysfunction
and respiratory diseases. A myriad of factors, most
of which ill-defined, have an impact on the red cell
population dynamics (i.e. , production, maturation and
turnover). A delay in the red blood cell clearance in
pathological conditions represents one of the leading
determinants of increased anisocytosis. Further study
of RDW may reveal new insight into inflammation
mechanisms. In this review, we specifically discuss
the current literature about the association of RDW in
various disease conditions involving the gastrointestinal
and hepatobiliary systems. We also present some of
the related measurements for their value in predicting
clinical outcomes in such conditions. According to our
data, RDW was found to be a valuable prognostic
index in gastrointestinal disorders along with additional
inflammatory biomarkers (i.e. , C reactive protein,
erythrocyte sedimentation rate, and platelet count) and
current disease severity indices used in clinical practice.
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size . Hemoglobin concentration of RBCs is tightly
controlled, because it is essential for adequate oxygen
delivery to the tissues. In addition, recent studies
showed that RBC clearance is another process under
tight regulation, and that a delay in RBC clearance
appears to be modulated in pathological conditions.
RDW may increase in many diseases due to the
impaired turnover of RBCs, which may both lead to
increased permanence of aged cells in the circulation
or release of immature and larger cells from the bone
marrow due to increased turnover. Using a semimechanistic mathematical model of in vivo RBC
[3]
population dynamics, Patel et al showed that a delay
in RBC clearance leads to a longer persistence of
smaller volume RBCs in peripheral circulation, thereby
increasing anisocytosis and consequently, RDW.
Most of the conditions affecting the gastrointestinal
(GI) tract necessitate evaluation using minimally
invasive and invasive procedures, such as endoscopy
with or without biopsy. These procedures require
specialized, expensive equipment and trained technical
personnel. These may not be easily available in certain
regions of the world, and may not be affordable to all
the patients. Moreover, even with these evaluations,
it is sometimes challenging to predict the clinical
outcomes of GI conditions. The identification of a
reliable and reproducible parameter that may provide
important information on the evaluation of GI diseases
is therefore of paramount importance.
In this manuscript, we review the most recent
literature about the prognostic value of RDW for
assessment of disease severity and clinical outcome in
both benign and malignant conditions affecting the GI
and pancreaticohepatobiliary systems.

Core tip: Mounting evidences show that red blood cell
distribution width can be used as a prognostic marker
in gastrointestinal disorders. A number of retrospective
studies have been published about the use of this index
of anisocytosis in prognostication of gastrointestinal
disorders, especially inflammatory bowel disease and
viral hepatitis among others. However, only a few
have included confounding factors which could affect
red blood cell distribution width. Our objective is to
consolidate the current literature to better understand
the use and further investigate the significance of red
blood cell distribution width in gastrointestinal disorders.
Goyal H, Lippi G, Gjymishka A, John B, Chhabra R, May E.
Prognostic significance of red blood cell distribution width
in gastrointestinal disorders. World J Gastroenterol 2017;
23(27): 4879-4891 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i27/4879.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i27.4879

INTRODUCTION
The red blood cell distribution width (RDW) is a measure
of size variability and heterogeneity of erythrocytes in
[1]
the peripheral blood (i.e., anisocytosis) . RDW is a part
of complete blood count and is a routinely measured
and automatically generated blood parameter that has
lately gained considerable interest due to its ability
to help assessing the prognosis of various diseases.
The value of RDW in assessing the severity of disease
and clinical outcome has been proven in various
conditions including, but not limited to, sepsis, renal
dysfunction, cardiovascular and pulmonary diseases
and malignancies. RDW was also proven useful in
assessing mortality rates and survival of hospitalized
patients, including those admitted to the intensive care
[2]
unit (ICU) .
In a healthy adult, nearly 2 million red blood cells
(RBCs) per second enter the peripheral circulation.
The lifespan of a typical RBC is 100-120 d. During this
period, a kaleidoscope of factors, many of which still
unknown, may impact the RBC population dynamics
(production, maturation, turnover and clearance). It
is also known that RBCs, while in circulation, undergo
a process of reduction (fast and slow phases) of
volume (approximately 30%) and hemoglobin content
(approximately 20%), leading to a slight increase
in the relative hemoglobin concentration of RBCs
(mean corpuscular hemoglobin; MCH) toward the
[3]
end of their lifespan . RDW increases with aging and
this is clearly attributable to the gradual increased
prevalence of comorbidities, which may actually
contribute to derange erythrocyte biology and lead to
release of a population of RBCs with heterogeneous
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ROLE OF RDW IN GUT DISORDERS
RDW and esophageal disorders

The prognostic value of RDW in esophageal disorders
has only been studied in esophageal cancer (EC).
One of the first studies was conducted by Chen
[5]
et al who carried out a retrospective analysis of
277 esophageal squamous cell carcinoma (ESCC)
patients undergoing radical esophagectomy without
preoperative neoadjuvant therapy. Patients were
followed every 3-6 mo for two years, and annually
thereafter, with a median follow-up of 42.5 mo. The
mean initial RDW was 14.5% ± 2.3%. The patients
were divided in to two groups (i.e., RDW ≥ 14.5%
and RDW < 14.5%). Patients with RDW < 14.5%
had significantly better 5-year cancer-specific-survival
than those with RDW ≥ 14.5%. Increased RDW was
then found to be an independent prognostic factor for
cancer specific survival, with mortality being nearly
twice higher in patients with RDW ≥ 14.5% that in
[5]
[6]
those with lower values . Wan et al studied 179
patients with EC (133 patients with squamous and
46 with adenocarcinomatous pathology) with median
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follow-up of 21 mo, and found that patients with high
RDW > 15% exhibited a shorter disease-free survival
(P = 0.043, HR = 1.907, 95%CI: 1.020-3.565) and
unfavorable overall survival (P = 0.042, HR = 1.895,
95%CI: 1.023-3.508) independently from other
cancer-related factors.
[7]
Hirahara et al also investigated 144 patients
undergoing esophagectomy for ESCC, observing that
a high RDW value was independently associated with
cancer-specific survival poor prognosis in patients aged
[8]
70 years or younger. Sun et al proposed to calculate
the ratio of hemoglobin (Hb) to RDW (i.e., Hb/RDW)
as a novel prognostic factor in patients with ESCC.
They observed that patients with a Hb/RDW ratio of
< 0.989 had a 1.4-time higher risk of death during
follow up compared to patients with Hb/RDW ratio >
[8]
0.989 (95%CI: 1.024-1.958, P = 0.035) . Recently,
[9]
Hu et al studied 2396 patients (1822 men and
574 women) from a Fujian prospective cohort, who
underwent three-field lymphadenectomy for ESCC
and with median follow-up of 38.2 mo. Interestingly,
RDW was found to be an independent predictor of
ESCC mortality in the male gender only (adjusted HR
= 1.5, 95%CI: 1.08-1.22, P < 0.001). In females,
only lymphocyte count was marginally significant for
[9]
predicting survival .
All of the above studies have consistently shown
the existence of a relationship between increased
RDW and poor disease-specific and overall survival
in patients with EC, especially ESCC. However, these
studies were mainly conducted on Asian population in
China and Japan, where ESCC is more common than
adenocarcinomatous EC in Western countries. This
likely explains why all these studies were conducted
mainly in patients with ESCC. At this time, it remains
hence unclear whether or not the prognostic role of
RDW can be extended to ESCC affecting western
population.

hemoglobin values were not included in a multivariate
regression analysis to establish whether or not RDW
was independent predictor of AIG compared to
functional dyspepsia. This is a substantial drawback
since the patients in the AIG cohort had significantly
lower values of both vitamin B12 and ferritin.
[11]
In a retrospective study, Pietrzyk et al
studied
RDW in gastric cancer and healthy individuals, con
cluding that gastric cancer patients had higher mean
RDW values (14.9 ± 3.9) than healthy individuals
(12.2 ± 0.7). It was hence suggested that elevated
RDW, when combined with symptoms, can be used
as an alert for upper endoscopy to early detect gastric
[11]
cancer . In another recent study in gastric cancer
patients undergoing curative surgery, high preoperative
RDW values were found to be significant predictors of
60-d mortality (17.9 ± 4.3 vs 16.0 ± 3.2; P = 0.015).
The incidence of advanced gastric cancer was higher
in patients with RDW ≥ 16% than in those with lower
values (75% vs 51%, P = 0.002), whereas disease
free and overall survival was found to be reduced (P =
[12]
0.04) .
[13]
Isik et al
conducted a retrospective study on
147 patients with upper gastrointestinal hemorrhage,
and found that these patients had significantly
higher median RDW value compared to the standard
reference value (15.3% vs 14.5%). This was not
surprising since anemia and anisocytosis are tightly
linked. The eight patients who died during the study
period had significantly higher median RDW value
(18.9%) compared to those who did not (P = 0.02),
so concluding that RDW could be used as a predictor
[13]
of mortality in upper gastrointestinal hemorrhage .
[14]
In an interesting investigation, Fatemi et al
studied
6689 patients with myocardial infarction who under
went percutaneous coronary intervention (PCI). Higher
RDW values were significantly associated with postprocedural in-hospital GI bleeding (P < 0.001), a risk
[14]
increasing in parallel with RDW values . Despite
these results, the authors did not exclude confounding
factors known to be associated with anisocytosis. The
results of this large study suggest that physicians may
use RDW for identifying patients at higher risk of GI
bleeding post PCI.

RDW and gastric disorders

The role of RDW in gastric disorders has not been
extensively studied. Since one of the most common
features of gastric disorders is anemia, which can also
significantly impact RDW values, challenges remain
to carry out studies for evaluating the relationship
[10]
between RDW and gastric disorders. Tüzün et al
performed a retrospective study in 122 patients with
autoimmune gastritis (AIG) who were compared with
101 patients with functional dyspepsia. RDW was
found to be significantly increased in patients with
AIG (16.11% ± 3.04% vs 13.41% ± 0.95%, P <
0.001). Receiver operating characteristics (ROC) curve
analysis suggested 13.95% as the optimum cut-off
[10]
point (AUC: 0.860) . They further analyzed the same
patients to define the potential role of RDW in AIG and
gastric carcinoid tumor typeⅠ(94 AIG without gastric
carcinoid and 28 AIG with gastric carcinoid), but
[10]
failed to find a significant association . However, the
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RDW and celiac disease

Due to increasing incidence and prevalence, the need
of simple laboratorial markers to diagnosing and
monitoring adherence to gluten-free diet and the
treatment of celiac disease have recently emerged.
[15]
Brusco et al
studied 126 untreated histologically
diagnosed celiac disease patients, and found that
increased RDW was the most frequent hematological
abnormality in these patients (73 of 126; 58%);
followed by anemia (31%) and iron deficiency (29%).
Forty three out of 73 patients with increased RDW
were restudied after a median follow-up of 12 mo
and RDW was found to be decreased to normal value
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except in five patients (P < 0.001) when on gluten[15]
[16]
free diet . Balaban et al
compared patients with
newly diagnosed celiac disease, inflammatory bowel
disease (IBD), and irritable bowel syndrome (IBS),
and found that almost two-thirds of patients with
celiac disease had elevated RDW as compared to only
9% of patients with IBS. However, the possible mecha
nisms of increased RDW in IBS were not explained.
Importantly, they also found that a spleen diameter to
RDW ratio < 6 had 0.73 sensitivity and 0.89 specificity
for detecting celiac disease. The AUC for predicting
[16]
celiac disease was 0.737 (95%CI: 0.597-0.877) .
[17]
Sategna Guidetti et al
also showed that increased
RDW values may be reliable predictors of celiac
disease even in the presence of normal hemoglobin
value. They also observed that gluten-free diet was
effective to significantly reduce RDW values within
one year. Many other studies showed that RDW values
significantly improved with gluten-free diet in patients
[18-20]
with celiac disease
. Therefore, normalization of
RDW in selected celiac disease patients can seemingly
be used as a simple but indirect index for assessing
patients’ response to gluten-free diet. Notably, no
study in the current scientific literature has explored
the role of RDW for predicting development of
intestinal lymphoma or refractory sprue in patients
with celiac disease.
[19]
Harmanci et al
retrospectively studied 49 newly
diagnosed celiac disease patients and compared their
RDW values according to the presence of intestinal
atrophy. A RDW value of > 17.25% was found to
be the most significant predictor of atrophy in these
patients (P = 0.003). The authors also concluded that
RDW values > 17.7% predict intestinal atrophy with
0.76 sensitivity, 1.00 specificity, 0.79 PPV and 1.00
NPV when combined with tissue transglutaminase
antibody titers of > 200 U/L in patients with celiac
[19]
disease .

finally suggested that RDW may be used as a marker
for differentiating between the two distinct forms of
[21]
IBD (CD and UC) . However, the role of additional
confounding factors such as hemoglobin, other causes
of anemia (e.g., blood loss) and severity of disease at
diagnosis was not explored.
[22]
Molnar et al
performed a retrospective study
to investigate whether RDW value may be helpful in
differentiating CD and UC in both active state and
remission. It was hence observed that RDW value
was increased in 53.2% of inactive CD vs 36.85%
of inactive UC (mean RDW 14.3% vs 13.8%, P =
0.05), while no significant difference was found in the
active state of both diseases (14.7% vs 14.4%, P =
[23]
0.393). Cakal et al
also showed that a cutoff 14%
for RDW had 0.88 sensitivity and 0.71 specificity,
so making this index the most sensitive and specific
serologic inflammatory parameter (even better than
fibrinogen, CRP, ESR and platelet count) for detecting
active UC in the patient cohort. However, different
results were obtained for active CD, since a value of
0.54 mg/dL for CRP had 0.92 sensitivity and 0.63
specificity, whereas a threshold of 14.1% for RDW was
characterized by 0.78 sensitivity and 0.63 specificity.
Authors concluded that this difference may be due
to the variability in presentation of active UC and
CD. More active UC patients have rectal bleeding
and iron deficiency, whereas malabsorption of other
micronutrients and vitamins in terminal ileitis (CD)
[23]
[24]
may affect RDW value . A study by Yeşil et al
yielded different results. In their study of patients with
active CD, a RDW cut off of 14% had 0.79 sensitivity
and 0.93 specificity (AUC = 0.935; P < 0.001), so
making it the best overall parameter for identifying
active CD. Interestingly, an increased RDW value was
identified earlier than changes in hemoglobin and
mean corpuscular volume (MCV), so supporting the
notion that RDW may have a role as early indicator of
[24]
active disease in both CD and UC . Similarly, Ipek et
[25]
al
showed that RDW may be a marker of disease
activity in UC, with 0.41 sensitivity and 0.91 specificity
[26]
(AUC = 0.65; P < 0.001). Song et al
investigated
the relationship between RDW and disease activity in
IBD patients with and without anemia, reporting that
RDW was the best independent predictor of disease
activity in both UC and CD irrespective of the presence
[27]
of anemia. In another study by Oliveira et al
RDW
was found to be associated with disease activity in CD
(defined by CDAI ≥ 150); a RDW cutoff value of 16%
had 0.88 specificity and 0.86 negative predictive value
for active CD. These results support the role of RDW
as an important inflammatory marker, as the positive
correlation between anisocytosis and increase in
systemic inflammation has been consistent throughout
many studies (Table 1).
[28]
In an interesting study, Oustamanolakis et al
evaluated the value RBC indices for differentiating iron
deficiency anemia (IDA) and anemia of chronic disease

RDW in the IBD

IBD is characterized by chronic relapsing and remitting
inflammatory changes of bowel, which are increasing
in incidence and prevalence in the general population.
Multiple blood tests such as C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), interleukin
(IL)-6, white blood cell count (WBC) (among others)
have been evaluated as surrogate markers of disease
activity in IBD, but showed variable diagnostic per
formance. Therefore, there is still wiggle room for
searching an ideal, noninvasive, simple, inexpensive
and highly specific laboratory test for monitoring
[21]
disease activity. In a retrospective study, Clarke et al
found that mean RDW at diagnosis was significantly
higher in Crohn’s disease (CD) compared to ulcerative
colitis (UC) patients (14.9% vs 14.3%, P = 0.027). A
higher prevalence of malabsorption-related anemia
due to distribution of lesions in CD relative to UC
has been brought to explain this finding, and it was
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20 Active CD
99 remission CD

206 active UC
104 remission UC

120 UC

January 1st and
September 30th
2013

January 2009 to
December 2011

≥ 150 = active CD

CDAI

remission < 150, mild 150-220,
moderate to severe ≥ 220;
Mayo score for UC
remission < 3, mild 3-6,
moderate to severe ≥ 6
Endoscopic Rachmilewitz
activity index > 4 = Active UC
Active UC vs
remission
RDW association
with Active CD

Active UC/CD

Active UC/CD

Anemia
(IDA/ACD)
IDA

Active UC or CD

Differential
diagnosis CD vs
UC

Outcome
measures

Active UC 16.8
Remission UC
15.5
16 (Cut off )

14.1 CD without
anemia (cut off)
13.8 UC without
anemia (cut off )

14 (cut off )

14 (cut off)

CD 14.1

UC 14

CD 14.9 UC 14.3

RDW Value

30

81

63

71

88

86 (UC)

83 (CD)

93 (CD)
84 (UC)

P < 0.001

76 (UC)

82 (CD)

79 (CD)
17 (UC)

93

78

88

P = 0.027

Specificity
(%)

Statistics
Sensitivity
(%)

High RDW and low RSF values
were the best markers for the diagnosis of
IDA

RDW and CRP were the most significant
indicators of active UC and active CD,
respectively

RDW value was significantly higher in CD
relative to ulcerative colitis patients

Main findings

CRP, ESR, PLT,
WBC, Hb, MCV

CRP, ESR, PLT,
WBC, Hb

RDW can be used as a marker for disease
activity in ulcerative colitis, but not in the
non-anemic group
RDW was associated with the severity of
CD. The RDW cutoff 16% showed
possible clinical applicability

RDW was elevated in IBD and markedly
increased in active disease. RDW may be
a marker of active CD, whereas ESR is for
active UC
CRP, ESR, PLT, RDW was associated with active CD/UC in
WBC, Hb,
patients with or without anemia

CRP, ESR, PLT,
Hb

Ferritin, Tsat,
sTfR
RDWR-C, RSF,
IRF,
Hb, ESR
CRP

CRP, ESR,
Fibrinogen,
PLT, WBC, Hb

Other
laboratory
studies

CD: Crohn’s disease; UC: Ulcerative colitis; CDAI: Crohn’s disease activity index; CRP: C-reactive protein; ESR: Erythrocyte Sedimentation Rate; PLT: Platelets; WBC: White blood cells; Tsat: Transferrin saturation; sTfR: Soluble
transferrin receptor; RSF: Red blood cell size factor; IRF: Immature reticulocyte fraction; RDWR-CV: Reticulocyte distribution width-coefficient of variation; IDA: Iron deficiency anemia; ACD: Anemia of chronic disease.

Oliveira et al[27], 2016

Ipek et al[25], 2015

Song et al[26], 2012
CDAI

102 age matched controls

January 2003
and December
2010

< 150 inactive
Simple Clinical
Colitis Activity Index for UC
Active ≥ 3
CDAI
> 150 = active
Truelove-Witts scale for UC

49 UC

56 CD
61 UC
44 age/sex matched
controls
101 CD

> 150 active

51 CD

Oustamanolakis
et al[28], 2011

Yeşil et al[24], 2011

Truelove-Witts scale for UC
moderate and severe = active
CDAI

74 UC, 22 CD, and 20
age/sex-matched controls

CDAI
> 150 = active

Activity index

Cakal et al[23], 2009

January 1st 2004
to December 31st
2005

Study period

156 CD
128 UC

No. of subjects

Clarke et al[21], 2008

Ref.

Table 1 Published studies on role of red blood cell distribution width in inflammatory bowel disease
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IBD (CD/UC) course

Healthy
normal RDW

RDW

MCV/Hb
(anemia)

IBD
Active disease

IBD
Remission

RDW
ESR
CRP

RDW
ESR
CRP

Figure 1 Changes in red blood cell distribution width levels during clinical course of inflammatory bowel disease (Crohn’s disease/ulcerative colitis).
RDW: Red blood cell distribution width; IBD: Inflammatory bowel disease; CD: Crohn’s disease; UC: Ulcerative colitis; Hb: Hemoglobin; MCV: Mean corpuscular
volume; ESR: Erythrocyte sedimentation rate.

in IBD. They found that higher values of RDW in IBD
performed better than ferritin values as markers of
[28]
IDA, displaying 0.93 sensitivity and 0.81 specificity .
Therefore, RDW was shown to have good potential
as indicator of disease severity and as a differentiating
marker in IBD. This is particularly important considering
that the use of this readily available hematological
parameter would permit physicians to better evaluating
and managing IBD patients (Figure 1).

alcoholic fatty liver disease (NAFLD), viral hepatitis,
hepatocellular carcinoma and primary biliary cirrhosis
(PBC).
[32]
Cengiz et al
showed that patients with no
nalcoholic steatohepatitis had higher RDW values
compared to those with simple steatosis and healthy
individuals. They also observed that RDW values were
independently associated with severity of fibrosis,
wherein more severe fibrosis was accompanied by
[32]
[33]
higher RDW values . Gao et al
showed that
an increase in the viral load was accompanied by
enhanced RDW in patients with hepatitis B, thereby
suggesting that RDW may serve as an indicator of
[34]
disease stage and treatment response. Xu et al also
compared RDW values in hepatitis B patients with
moderate to severe liver fibrosis and those with absent
or mild fibrosis, and found that RDW values were
useful for predicting both liver fibrosis and necrotic
[35]
inflammatory changes. Similarly, Lou et al
showed
that RDW values could be used to assess the disease
states in patients with hepatitis B virus infection.
In patients with chronic hepatitis B (CHB) and liver
[36]
cirrhosis related to CHB, Huang et al
observed that
RDW values were high and correlated with the severity
of cirrhosis in terms of Child-Pugh scores and model for
[37]
end-stage liver disease (MELD) scores. Wang et al
confirmed these findings by demonstrating that RDW
may be useful for predicting liver fibrosis in patients
with chronic autoimmune hepatitis and PBC, while
globulin value may help assessing liver inflammation
[38,39]
(Table 2)
. Several investigators studied the RDW
to platelet ratio (RPR) in liver disorders, and analyzed
its efficiency for predicting severity of liver fibrosis
[40]
and cirrhosis. Cengiz et al
reported that the RPR
index has a good predictive value for significant
[41]
and advanced liver fibrosis in NAFLD. Taefi et al
found that the RPR ratio was a stronger predictor
of severity of fibrosis and cirrhosis in patients with
chronic hepatitis having native liver compared to RDW
and MELD score. No significant correlations of these
[42]
variables were found in transplanted livers. Karagoz et al
showed that RPR and mean platelet volume (MPV)
are associated with severity of fibrosis in patients with
chronic hepatitis C, so allowing prognostic evaluation

RDW and colon cancer

Several lines of evidence attest that RDW may be
useful for diagnosing and assessing the survival of
patients with solid and hematological cancers. Riedl
[29]
et al
investigated various RBC parameters in a
prospective cohort of 1840 cancer patients, confirming
that an increased RDW value was associated with
enhanced risk of mortality (HR = 1.72, 95%CI:
1.39-2.12, P < 0.001). The association was virtually
unaltered after adjustment for age, sex, hemoglobin,
leukocyte and platelet count (HR = 1.34, 95%CI:
[29]
1.06-1.70, P = 0.016) . In a retrospective case[30]
control study, Spell et al
showed that the RDW
had high sensitivity (0.84) and specificity (0.88) for
identifying right-sided colon cancer, so concluding
that this parameter may be seen as a cost-effective
screening tool for colon cancer. In a more recent
[31]
investigation, Ay et al
found that RDW values were
significantly higher in patients with colon cancer
compared to those with colonic polyps (P = 0.01).
Patients with anemia and other hematological disorders
were already excluded from the analysis, so enhancing
the value of this parameter for differentiating
[31]
neoplastic lesions of the colon .

ROLE OF RDW IN LIVER DISORDERS
An impressive amount of literature exists about
the clinical significance of RDW in liver disorders.
Many scientists have investigated the role of RDW
for predicting severity, fibrosis, inflammation and
monitoring therapy in liver disorders. The clinical
usefulness of RDW has then been established in several
studies in patients with liver disorders such as non-
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Study period

May-13

32 simple steatosis
30 healthy controls

1637 normal
control
619 NALFD

Jan-10

62 NASH

16 AHB
August 1st, 2010
61 CHB
August 1st, 2011
46 CHB-severe
48 healthy controls

No. of subjects

Liver pathology

Mild fibrosis (0-1)

Advanced fibrosis (2-4 points)

NASH (Brunt’s criteria)

AHB, CHB, CHB-severe
MELD score
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Dogan et al[39],
2015

54 NASH
39 controls

Dec-10
Mar-12

Steatosis, 0 mild (grade 1); 1
moderate to severe (grade 2-3)
0 lobular inflammation (0-1);
1 moderate-severe (2-3)

NASH (NAFLD activity score)
Fibrosis, 0 not significant
(F0-F1); 1 significant (F2-F4)

Individuals
NAFLD criteria presence of
were initially definite hepatic steatosis on US
enrolled during scan (grade 3), and exclusion of
2010
secondary hepatic steatosis.
Kim et al[55],
24547 NAFLD
Individuals
NAFLD diagnosis by US and
2013
patients
were enrolled
questionnaires about alcohol
in 2010 (January consumption. Degree of liver
1st to December
fibrosis by BARD and FIB-4
30th)
scores
Karagoz et al[42], 229 biopsy proven January 2010
Fibrosis in CHB (Ishak score)
2014
naïve chronic
and November
hepatitis B (CHB)
2013
patients
Huang et al[36],
69 CHB
January 2011
HBV related liver cirrhosis
61 HBV liver
Child-Pugh and MELD scores
2014
and October
cirrhosis
2013
41 controls

Yang et al[38],
2013

Cengiz et al[32],
2013

Lou et al[35], 2012

Ref.

RDW value (%)

Inflammation in
NASH

13.3 (cut off)

12.75 ± 0.7 (controls)

16.07 ± 2.41 (HBV cirrhosis)
13.29 ± 1.09 (CHB)

Other laboratory studies

Main findings

Liver biopsy, WBC, Hb, Ht,
platelets, MPV, PDW, AST, ALT,
total bilirubin, albumin,

Hb, MCV, LDL, TG, HDL,
HbA1C, high sensitivity CRP,
ferritin, Platelet

Total cholesterol, TG, Fasting
glucose, Hb

RDW and MPV are significantly
higher in HBV infected patients
with severe fibrosis

Increased RDW is independently
associated with advanced fibrosis
in NAFLD

RDW was increased in NAFLD
patients

ALT, total bilirubin, total protein, RDW is significantly increased in
albumin, WBC, Hb, MCV, INR, HBV infected patients compared
Creatinine, BUN, HBsAg HBeAg,
to controls, and RDW is an
HBcAb IgM, HBV DNA
independent predicting factor for
the 3 mo mortality rate in HBV
infected patients.
Liver biopsy,
Patients with NASH had higher
RDW relative to simple steatosis
and healthy control groups.
Hb, platelets, MPV, WBC,
RDW was higher in patients with
lymphocytes,
advanced fibrosis compared to
ALT, AST, GGT Albumin, BUN,
mild
Creatinine, alkaline phosphatase

Specificity

AST, ALT, total bilirubin,
RDW was elevated in HBV
albumin, WBC, Hb, platelets, INR, related cirrhosis and CHB relative
Creatinine, BUN. HBeAg, HBV
to control, and was positively
DNA
correlated with severity of HBV
related cirrhosis
79.50%
Liver biopsy,
RDW is a specific and sensitive
Sensitivity
Ht, MCV platelets, ALT, AST,
method to assess inflammation in
GGT LDL, HDL, TG, Fasting
NASH patients
glucose, insulin,
73.30%
Alkaline phosphatase

91.50%
Sensitivity
42.50%
Specificity
P < 0.01

12.6 (cut off)

Relationship of RDW
and MPV with the
severity of fibrosis in
CHB patients
Correlation of RDW
with HBV cirrhosis,
CHB; Child-Pugh
and MELD scores

P = 0.000

P < 0.01

P < 0.01

P < 0.05
P < 0.001
P < 0.001

Statistics

P < 0.001
P < 0.001

13.23 ± 1.01 (NAFLD)

Simple steatosis 13.37 ± 0.12
Healthy controls 12.96 ± 0.14
Advanced fibrosis 15.86 ± 0.4
Mild fibrosis 13.63 ± 0.67
12.96 ± 1.08 (control)

NASH 14.28 ± 0.25

14.38 ± 1.72 (AHB)
16.37 ± 2.43 (CHB)
18.3 ± 3.11 (CHB-severe)
13.03 ± 1.33 healthy controls

RDW and the level
12.59±0.62 BARD score (0,1)
of fibrosis in NAFLD 12.99 ± 0.85 (BARD score 2-4)
12.61±0.77 (FIB-4 score < 1.3)
12.89 ± 0.71(FIB-4 score ≥ 1.3)

RDW in NAFLD
patients

RDW association
with NASH and
fibrosis

RDW association
with HBV related
liver disease states
and mortality

Outcome measures

Table 2 Published studies on role of red blood cell distribution width in liver disorders
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116 CHB
65 PBC
37 AIH

446 HBV infected
patients who
underwent liver
biopsy

Liver fibrosis (no significant RDW in liver fibrosis
S0-S2, fibrosis vs advanced,
and inflammation
S3-S4)
Inflammation (no significant
(G0-G2) vs significant (G3-G4)

January 2010 to Liver fibrosis and inflammation: RDW association
January 2015
absent-mild (S0-S1, G0-G1) vs
with liver fibrosis
moderate-severe (S2-S4, G2-G4) and inflammation in
chronic hepatitis

January 2010
and December
2011
P < 0.001

13.6 (S3-S4)
13.2 (G0-G2)
13.7 (G3-G4)
13.4 (S0-S1)
14.5 (S2-S4)
13.0 (G0-G1)
14.2 (G2-G4)
P < 0.001

P = 0.01

13.3 (S0-S2)

RDW, together with other
serum markers, could be useful
in predicting liver fibrosis and
necroinflammation in HBV
infected patients

AST, ALT, alkaline phosphatase, RDW and globulin could be useful
GGT, globulin, total bilirubin,
predictors of liver fibrosis and
total bilirubin acid, total protein, inflammation in chronic hepatitis
albumin, WBC, RBC, Hb, MCV,
patients, respectively.
platelets

Liver biopsy, AST, ALT, total
bilirubin, albumin, WBC, Hb,
platelets, MCV, MPV, HBeAg,
HBV DNA
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[43]

and minimizing the need for liver biopsy. These authors also confirmed the significance of MPV and RDW in prognostic evaluation of CHB . Chen et al also reported
[44]
that RPR can predict significant fibrosis and cirrhosis in CHB patients. Lee et al found that the RPR may be useful for assessing liver fibrosis in patients with CHB, so
[45]
reducing the need for liver biopsy. On the other hand, a study by Thandassery et al
compared noninvasive scores with liver biopsy fibrosis stages in patients with
chronic hepatitis C, and showed that MPV and RPR had low predictive accuracy for fibrosis stages. The role of RDW in liver disorders is double. First, it may represent a
significant prognostic indicator of liver disease severity, fibrosis and inflammation. Then, its use in clinical practice could reduce the need for liver biopsy.
RPR was also shown to be related to histologic severity in treatment-naïve PBC. Seventy three patients were divided in two groups: Early stage (stage Ⅰ) and
advanced stage (Stage Ⅱ, Ⅲ and Ⅳ) of liver fibrosis as per Ludwig and Scheuer criteria. RPR was found to have 0.47 sensitivity and 0.96 specificity, performing better
[46]
than Fibrosis-4score for predicting the severity of liver fibrosis . In another study, RPR was not associated with histologic severity in PBC. However, in this investigation
[47]
patients were divided in two groups, early (Ⅰ and Ⅱ) and late (Ⅲ and Ⅳ) stage, as per histologic criteria
and did not consider the impact of confounding factors on
results. In another study, 194 patients with biliary obstruction were studied. A RDW value of 14.8% was found to predict malignant obstruction with 0.72 sensitivity and
[48]
0.69 specificity. Both the hemoglobin value and MCV were not significantly different in either group .
[49]
The significance of RDW has also been evaluated in HCC. Smirne et al
performed a retrospective study in a training cohort (n = 208) and in an independently
prospectively collected validated cohort (n = 106) of patients with HCC. In both cohorts, median survival time was significantly lower in patients with RDW ≥ 14.6%
[49]
[50]
at the time of diagnosis, and RDW remained independently associated with survival in multivariate analysis . In another study, Wei et al
retrospectively evaluated
110 treatment-naïve HCC patients, reporting that the RDW admission value was significantly higher in HCC patients than in healthy controls. RDW was also found to
[50]
[51]
be correlated with liver function tests but not with tumor staging at the time of diagnosis . Zhao et al
investigated the significance of RDW in patients undergoing
curative radical resection of HCC, and found that patients with high preoperative RDW value (> 14.5%) had significantly worse survival than those with lower values.
[51]
RDW remained independently associated with overall survival in multivariate analysis .
[52]
In a recent retrospective study, Caire et al
investigated the utility of RDW for predicting mortality in post-liver transplant patients. They found that at-transplant
RDW values was a prognostic factor of 1-year mortality in liver transplant patients. Notably, RDW outperformed all other liver pre-transplant prognostic laboratory value,
[52]
including serum total bilirubin, prothrombin time, bicarbonate, WBC count and MELD score .
[53]
Despite these promising results, some authors raised concerns about the use of RDW alone in the prognostic evaluation of liver disorders. Gulcan Kurt et al
[54]
and Balta et al
argued about the specificity of RDW for predicting the extent of fibrosis in chronic liver diseases, pointing out that other confounding factors (e.g.,
[55]
inflammatory biomarkers) should also be considered. Kim et al
showed that RDW was an independent predictor of nonalcoholic fatty liver disease. However, Kang

[42]

RDW: Red blood cell distribution width; Hb: Hemoglobin; HbA1C: Hemoglobin A1C; Ht: Hematocrit; CRP: C reactive protein, AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; WBC: White blood cell; RBC:
Red blood cell; MCV: Mean corpuscular volume; PDW: Platelet distribution width; MPV: Mean platelet volume; GGT: Gamma-glutamyl transpeptidase; HBV: Hepatitis B virus; HbeAg: Hepatitis B e antigen; HbsAg: Hepatitis
B s antigen; HbcAb: Hepatitis B core antibody; NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitits; TG: Triglyceride; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; BUN: Blood urea
nitrogen; INR: International normalized ratio; AHB: Acute hepatitis B; HBVDNA: Hepatitis B virus DNA; PBC: Primary biliary cirrhosis; AIH: Autoimmune hepatitis.

Wang et al[37],
2016

Xu et al[34], 2015
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and Kim highlighted that this index should be used
in combination with other inflammatory markers for
[56]
reaching more efficient diagnostic efficiency .

authors could not comment on confounding factors
[65]
causing elevation in RDW . Despite the differences
in the cut-off values used in the various studies and
relative heterogeneity of sensitivity and specificity
values associated with these cut-offs, the available
data supports the conclusions that RDW may be a
sensitive predictor of mortality in patients with AP. Only
one study failed to show an association between RDW
and mortality in AP. However, patients with anemia,
malignancy, kidney and hepatic diseases were also
included in the final analysis, so potentially flawing the
[66]
[67]
outcome . Notably, Peng et al
also showed that a
high RDW at admission was an independent risk factor
for acute pancreatitis-associated lung injury (OR =
2.671, 95%CI: 1.145-6.138; P = 0.026).
The significance of RDW has been evaluated in
[68]
only one study in pancreatic cancer. Yilmaz et al
studied 104 patients undergoing pancreatic cancer
surgery, who were divided them in two groups with
high (> 14%) and low (< 14%) RDW values. A positive
correlation was hence observed between pancreatic
cancer staging and RDW, but no association was
noticed between RDW and postoperative complications
[68]
or morbidity .

RDW AND PANCREATIC DISORDERS
Acute pancreatitis (AP) is one of the most frequent GI
causes of hospital admissions in the United States, with
[57]
an annual incidence of 13 to 45/100000 persons .
Despite most of patients with AP have mild and selflimited disease, nearly 20% of them develop severe
disease, which is in turn associated with a mortality
rate of 7%-42%. Due to high mortality and high rate
of complications, patients with severe pancreatitis need
an early diagnosis. Multiple scoring systems, including
Ranson’s criteria, Acute Physiology and Chronic Health
Evaluation, Glasgow scores, Blathazar score, BISAP
score, Revised Atlanta criteria and classification, have
been developed and evaluated for predicting severity
of pancreatitis in early disease course, but these are
not easily usable by physicians due to the cumber
[58]
some calculation, especially in emergency settings .
Recently, Blood Urea Nitrogen has emerged as a
promising prognostic marker in AP, but its value has
not been extensively evaluated in patients with chronic
kidney disease. Therefore, a simple, reproducible,
cost-effective and specific prognostic marker in AP is
still lacking.
[59]
Uçar Karabulut et al studied 104 patients with AP
and found that the mean admission RDW value was
significantly higher during the acute phase compared
to after recovery (P < 0.01). Although patients with
severe pancreatitis were excluded and the severity of
disease was not analyzed in this study, an increased
RDW was identified as a reliable marker of AP, so
suggesting that this parameter can be used for early
[59]
detection and prognostic evaluation . Cetinkaya
[60]
et al
performed both univariate and multivariate
analyses in a retrospective cohort study of 102
patients, identifying both RDW and RPR on admission
were independent and significant factors for predicting
the risk of in-hospital mortality in APs (P = 0.001). The
association between RDW and mortality in AP was also
[61]
confirmed by Yao et al
in a cross-sectional study,
showing that non-survivors had higher values than
survivors. The RDW displayed 0.75 sensitivity and 0.90
[61]
[62]
specificity for predicting mortality in AP . Şenol et al
found that RDW was the only admission variable
predicting AP mortality in multivariate analysis. A RDW
value of 14.8% was found to predict mortality in 77%
[62]
[63]
cases . Wang et al
also showed that AP patients
with RDW > 13.4% had significantly higher mortality
rate than those with lower RDW values. A RDW value
of 14.3% was characterized by 0.88 sensitivity and
[63]
0.92 specificity for predicting mortality in AP . In
another study based on the Multiparameter Intelligent
Monitoring in Intensive Care Ⅱ (MIMIC Ⅱ) database
showed that higher RDW value predicts mortality in AP
[64]
with an AUC of 0.66 (95%CI: 0.52-0.81) . However,
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RDW AND OTHER DIGESTIVE
DISORDERS
[69]

Huang et al
studied 35 patients with intestinal
tuberculosis (ITB) who were compared with healthy
controls (n = 22). Patients with ITB had higher RDW,
which overall displayed a better diagnostic efficiency
(AUC = 0.812) than CRP (AUC = 0.176) and ESR
[68]
(AUC = 0.804) in diagnosing ITB . In an interesting
[70]
study, Yazıcı et al
showed that patients with acute
cholecystitis undergoing surgery had a significant
decrease in RDW compared to those subjected to
conservative management.
Acute Mesenteric ischemia (AMI) is a relatively
uncommon, but life-threatening, condition. Early
recognition and management is imperative to prevent
[71]
the related complications. Kisaoglu et al carried a
cross-sectional study by comparing AMI patients (n
= 49) with patients with abdominal pain who did not
undergo surgery (n = 110). A RDW value of 15.4%
had 0.41 sensitivity and 0.81 specificity for identifying
AMI patients after adjustment for anemia. However,
no correlation was found between RDW and size of
[71]
[72]
ischemia or mortality . Bilgiç et al investigated the
preoperative RDW value in a retrospective cohort of
61 patients with AMI, and found that increased RDW
predicted both the extent of necrosis and mortality. A
cut-off values of 14.8% predicted mortality in nearly
[72]
70% of cases .

CONCLUSION
Several lines of evidences, summarized in this article,
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Blood loss

Inflammation and oxidative stress
Hepatitis
IBD
GI malignancies
Celiac disease

GI hemorrhage
IBD
Gut malignancies

Increased RBC production
Nutritional deficiencies
(Iron, B12 and folate)
Increased EPO

Increased generation of reactive oxygen species
Impaired erythrocyte homeostasis
Decreased EPO receptor expression
Increased neurohormonal activity
Impaired iron metabolism

Increased RDW
(anisocytosis)

Nutritional deficiencies
(iron, B12 and folate)

Celiac disease
Old age
GI malignancies
Malabsorption

Figure 2 Possible mechanisms of increased red blood cell distribution width in gastrointestinal disorders. GI: Gastrointestinal; RBC: Red blood cell; EPO:
Erythropoietin; RDW: Red blood cell distribution width; IBD: Inflammatory bowel disease.

attest that RDW may be a useful prognostic factor
in a variety of GI conditions, including IBD, celiac
disease, cancer of colon and esophagus, liver disorders
[73]
including hepatitis and liver cancer , pancreatic
disorders, especially AP (Figure 2).
Since RDW can be easily measured with routine
blood tests, without additional technical requirements
and at a rather affordable cost (i.e., that of a complete
blood cell count), this parameter may be considered
a valuable perspective for prognostic assessment
of patients with GI disorders. Along with RDW,
other related parameters such as the RPR and the
hemoglobin to RDW ratio were found have a prognostic
value in various conditions. Due to its efficiency as
an inflammatory biomarker, as a measure of disease
activity and as a prognostic indictor in GI, RDW offers
several advantages over other additional tests. RDW
measurement is noninvasive, So that widespread use
may help minimizing the use of invasive procedure
such as endoscopy and biopsy to assess the prognosis
in various clinical conditions. This is especially sig
nificant in certain regions where medical facilities
may be limited or inaccessible. Nevertheless, despite
a large number of studies showing utility and benefit
from measuring and monitoring RDW values, some
factors still make the use of results challenging.
These encompass the lack of prospective studies, the
heterogeneity of the diagnostic and prognostic cut-offs
as well as the poor generalizability of outcomes due

WJG|www.wjgnet.com

to unmet standardization of the available techniques
[74]
for measuring RDW . The cut-offs of RDW may vary
according to the technique used for its measurement.
This may explain why some subjects may display
higher or lower values when RDW is measured with
different analyzers. Moreover, some people in the
general population may display values higher than the
reference range due to the presence of undiagnosed
conditions, which may ultimately lead to increase
anisocytosis. However, a single cut-off for RDW cannot
be identified so far, since the various analyzers use
different techniques. Therefore, the application of a
universal cut-off is unfeasible until a major degree
[74]
of standardization can be reached . In modern
haematological analysers, the RDW is conventionally
calculated from the histogram of erythrocyte volumes.
It is, hence, predictable that further studies aimed
to more deeply investigate the full distribution graph
(i.e., identifying extraordinarily large or small cells)
may provide more meaningful information than the
simple numerical value of RDW. Although, increased
RDW seems to be a marker for severe GI disease,
perhaps, but possibly not for functional GI disorders
such as irritable bowel syndrome. This is probably
due to the fact that functional disorders have a much
lower impact on erythrocyte biology, so that RBC still
display a normal turnover. Then, the role of the many
confounding factors which may have an impact on RBC
biology is still incompletely understood and evaluated.
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Therefore, due to the mounting evidence regarding the
usefulness and the considerable diagnostic potential
of RDW,further prospective investigations are needed
to validate its effectiveness and concrete steps should
be undertaken to define standards that can serve
as guidelines for effectively using RDW as a tool for
diagnostic and prognostic assessment.
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Core tip: Endoscopic ultrasound-guided radiofrequency
ablation (RFA) is a rapidly emerging modality, whose
application has shifted from porcine models to humans
over the last decade. In this review, we provide
details on the indications, thermokinetic principles
and complications related to RFA, which should be
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INTRODUCTION
Over the last two decades, palliation techniques for
pancreatic adenocarcinoma have changed significantly.
New developments in endoscopic ultrasound-guided

Abstract
Radiofrequency ablation (RFA) has been widely used
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[1]

[20-22]

therapies have also rapidly emerged . Radiofrequency
ablation (RFA) utilizes high frequency alternating
[2,3]
current and can result in coagulative necrosis , and
it can be applied percutaneously, intraoperatively or
in combination with endoscopic ultrasound (EUS).
This modality is gradually gaining popularity among
endosonographers at tertiary centers. EUS-RFA is now
an established anti-tumor therapy and an alternative
[4]
to surgery .
Pancreatic adenocarcinoma is an aggressive tumor
with a dismal survival rate due to delayed diagnosis.
[5]
Only 10% of patients qualify for curative surgery .
The majority of patients have an unresectable locally
advanced disease with encasement of vessels (superior
[6]
mesenteric vessels, portal vein and/or hepatic artery) .
One-year survival rate in these patients is less than 5%
[7]
after diagnosis .
EUS-guided RFA was first used in a porcine model
[8]
by Goldberg et al in 1999. EUS is used for various
therapeutic procedures as it can be precisely applied
in pancreatic lesions and helps delineate the area of
[9-11]
interest for ablation
.
EUS provides real-time imaging of deeply located
anatomical structures such as the pancreas which is
[12]
difficult to approach via the percutaneous route . RFA
has been widely utilized in the treatment of liver, lung
[13-15]
and kidney tumors
.

duodenal stricture and cystic fluid collection

INDICATIONS
EUS-guided RFA is indicated in various diseases
[23]
including: (1) pancreatic adenocarcinoma ; (2)
patients after chemoradiotherapy; (3) patients with pro
gressive tumor growth causing biliary or gastric outlet
[24]
[25]
obstruction ; (4) liver metastasis ; (5) intraductal
[26,27]
papillary mucinous neoplasms (IPMN)
; and (6)
[28,29]
insulinoma
.

PROCEDURE
A 19 G needle is usually used to puncture the pancreatic
tissue under EUS guidance, the stylet is removed
to introduce a thin wire which is connected to the
generator, and then the tissue is ablated. This principle
has been applied using a Habib EUS-RFA catheter
(EMcision Ltd., London, United Kingdom) where a
monopolar probe with a diameter of 1 Fr and length
of 220 cm is utilized with a 2 cm active electrode tip
[28,30,31]
to ablate the tissue
. It ablates for 2 min, which
is considered one ablation with a break of 60 s for
cooling. Up to 10 ablations can be applied to the tissue
with interspersed cooling periods (Figures 1 and 2).
In the case of a cyst, the lesion is aspirated prior to
ablation. This technique should not be used in patients
with cardiac pacemakers or other active implants.
Another novel 18 G RFA electrode (EUSRA RF
Electrode; STARmed, Koyang, South Korea) with
a total working length of 150 cm is also used. This
electrode has the unique feature of two 0.8 mm
diameter holes which are located 5 mm away from the
tip, and can be used for aspiration and injection. The
active electrode length is 7 mm while the tip exposure
length is 10 mm. This RF electrode is attached to the
RF generator (VIVA Combo system; STARmed) to
[32]
ablate the tissue . It results in the ablation of 1-3 cm
[32-34]
of localized tissue from the needle tip
.
A new flexible hybrid bipolar probe also known as
the cryotherm probe (ERBE Elektromedizin, Tubingen,
Germany) has recently been introduced, which
[35]
combines cryotechnology with RFA . This probe has
an advantage over a monopolar probe in that it causes
less collateral damage, but it is less efficient than a
[36-38]
monopolar probe
.
Cooling using a cryogenic gas increases the effect
[12]
of RFA and interstitial devitalization . It also proves
[39]
that cooling does not affect the efficacy of ablation .

MECHANISM OF RFA
RFA is based on the principle that high frequency
alternating current is converted into thermal energy
which results in coagulative necrosis of surrounding
[16]
tissue . Thermal exposure above 45 ℃ results in
denaturation of cell proteins and is utilized in the
[17]
treatment of various tumors .
There are three important components in this
procedure: the generator, the needle and the tissue.
The generator utilizes alternating current and
converts it into thermal energy which is transferred
[8,18]
through the exposed part of the needle
.
RFA also causes thermal damage to the epithelium
with a gradual rise in temperature, which results in
[19]
destruction of cyst epithelium .

CLINICAL APPLICATIONS OF RFA
RFA is principally utilized in various benign and malignant
conditions, including intraoperative applications. Studies
have suggested that RFA leads to tumor necrosis and
[20]
a reduction in tumor volume .
RFA can also be used in patients with malignant
biliary obstruction for endobiliary ablation in the self[21]
expandable metallic stent to improve stent patency .
A cryothermal probe (ERBE, Elektromedizin GmbH)
has been used for palliation in locally advanced
pancreatic carcinoma patients, with a technical success
rate of 72.8% and median survival of 6 mo post ablation
with manageable complications including jaundice,
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TIME AND TEMPERATURE UTILIZED IN
RFA
RFA was successfully used in other organs such as
the liver, intrahepatic tumors and muscle to achieve
maximum coagulation within 6 min, prior to its applica
[40]
tion in the pancreas . The Manchester group was
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in pancreatic carcinoma patients as it results in
decreased morbidity, mortality and reduced hospital
stay. There are certain important and significant
differences in ablation of the pancreas compared with
other organs: (1) the RFA protocol for other organs
cannot be applied to the pancreas as the physical
properties of the pancreas are entirely different from
those of other organs; (2) the pancreas is surrounded
by other organs (the stomach and duodenum),
vessels and bile ducts and thus has an increased
risk of thermal-induced injury; and (3) pancreatic
cancer usually has diffuse margins, whereas hepatic
carcinoma or metastasis has discrete margins;
therefore, it is difficult to completely ablate pancreatic
[16]
carcinoma in a single session .

Uncoated electrode

PTFE coated stainless
steel shaft
Cook Echo Tip needle
with U/S surface

Figure 1 Habib RF needle with Cook Echo Tip needle. Courtesy of EMcision
International Inc.

EVALUATION OF EFFICACY OF RFA
TREATMENT
Lesion size can be evaluated by imaging at repeated
intervals. Tumor progression can be estimated by an
improvement in symptoms (abdominal pain, back
[46,47]
pain) or biochemical indices (CA19-9 levels)
.

RATIO OF PASSES TO THE SIZE OF THE
LESION
The ratio of the number of passes to the size of the
lesion is extremely variable in different studies with
a median value of 0.5 (range, 0.36-19). This can be
[41,46,48]
explained by the application of different devices
.

Figure 2 Radiofrequency generator (RITA 1500 X, ANGIODYNAMICS).

among the first to validate and define the thermo
[41]
kinetic principles in the pancreas . As the distance
from the electrode increases, the temperature tends
[26]
to decrease . The optimal temperature for thermal
ablation was demonstrated in a porcine model by
[42]
Date in 2005. It was concluded that optimal thermo
kinetics was generated at a temperature of 90 ℃ when
applied for 5 min. This leads to ablation of pancreatic
tissue without injury to adjacent organs.
A few other studies have also established the
relationship between temperature and the rate of
[43,44]
complications
.
[45]
It was again established in a study by Girelli et al
that a decrease in temperature from 105 ℃ to 90 ℃
leads to an overall reduction in the complication rate
from 24% to 8%.
[36]
Wu et al
showed that when a temperature
of 30 ℃ was applied, this led to a high rate of post
operative morbidity, where complications included
pancreatic fistula, portal thrombosis, septic shock and
massive bleeding.

COMPLICATIONS OF RFA
The fear of adverse events related to EUS-RFA also
limits its application by clinicians in pancreatic car
cinoma patients.
Most complications are related to thermal injury
to pancreatic parenchyma (acute pancreatitis) and
surrounding structures including thermal damage to
superior mesenteric vessels, bile ducts, the portal
[12,49-51]
vein, stomach and duodenum
. Mild abdominal
pain was reported by 25%-33% of patients in various
[33]
studies . Frequent complications were gastro
intestinal hemorrhage, pancreatic fistula, bile leak,
portal vein thrombosis, pseudocyst and sepsis. The
overall postoperative morbidity rate was 28.3% and
[52]
mortality was approximately 4% .
The pancreas is different to other organs such as
the liver and kidney where RFA has been successfully
utilized for the treatment of carcinomas. Optimal
thermokinetic characteristics of the pancreas have
not been completely determined, thus there is no
standardized protocol for pancreatic RFA. Usually two
or more sessions of RFA are required for pancreatic
[12,32,33]
carcinoma ablation
. Retroperitoneal location,
proximity to major vessels, distal bile duct crossing the
head of the pancreas and closeness to the stomach

EUS-RFA OF THE PANCREAS IS
DIFFERENT TO THAT OF OTHER
ORGANS
EUS-RFA is better than planned palliative R2 resections
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and duodenum are also major hurdles

.

12

CONCLUSION
Normal pancreatic tissue is thermosensitive, thus
RFA can lead to an inflammatory response with
fibrosis and occasionally cystic collections. A clearer
understanding of the principles of thermokinetics in
humans is required to effectively ablate abnormal
tissues. Better ablation devices with minimal side
effects and complications may ensure improved results
in the future. Further studies with a large number of
subjects will provide a better understanding of this
novel technique.
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infants. Of the 163 genes currently associated
with risk for development of IBD, only a few have
been studied in pediatric patients. In this study, we
found that one interleukin (IL)-10 genetic variation,
rs304496, is associated with risk for pediatric IBD.
IL-10 restricts excessive immune responses during
intestinal inflammation. We also demonstrated epistatic
interactions between genetic variants within the
IL-10/STAT3 signaling pathway that contribute to a
higher associated risk for pediatric IBD. These findings
emphasize the importance of the IL-10 pathway in a
subgroup of IBD patients.
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Abstract
AIM
to study the genetic association and epistatic
interaction of the interleukin (IL)-10 and IL-10/STAT3
pathways in pediatric inflammatory bowel disease (IBD).
METHODS
A total of 159 pediatric inflammatory IBD patients
(Crohn’s disease, n = 136; ulcerative colitis, n = 23)
and 129 matched controls were studied for genetic
association of selected single nucleotide polymorphisms
(SNPs) of the IL-10 gene and the genes IL10RA ,
IL10RB , STAT3 , and HO1 , from the IL-10/STAT3
signaling pathway. As interactions between SNPs from
different loci may significantly affect the associated risk
for disease, additive (a) and dominant (d) modeling of
SNP interactions was also performed to examine highorder epistasis between combinations of the individual
SNPs.

Lin Z, Wang Z, Hegarty JP, Lin TR, Wang Y, Deiling S, Wu R,
Thomas NJ, Floros J. Genetic association and epistatic interaction
of the interleukin-10 signaling pathway in pediatric inflammatory
bowel disease. World J Gastroenterol 2017; 23(27): 4897-4909
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i27/4897.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i27.4897

INTRODUCTION
Pediatric inflammatory bowel disease (IBD) has a
[1]
distinct clinical phenotype from adult IBD . Few of
the 163 genes identified to be associated with adult
IBD have been identified and functionally studied
in pediatric IBD. A genome-wide association study
(GWAS) in the Polish population revealed that the
genetic architecture is different between pediatric and
[2]
adult-onset IBD . Adult IBD-associated genes NOD2
(Leu1007insC) and IRGM have been shown to be
associated with increased risk of Crohn’s disease (CD)
and ORMDL3 variant with susceptibility to ulcerative
[3]
colitis (UC) in Lithuanian early-onset IBD patients .
The TRIM22-NOD2 network, signaling pathways and
genetic factors are associated with very early-onset
(VEO) and adult IBD. Functional studies showed that
variants of the tripartite motif containing 22 gene
(TRIM22) disrupted its ability to regulate NOD2dependent activity of interferon-β signaling and nuclear
[4]
factor-kappa B (NFκB) .
In addition, novel association of major histo
compatibility complex haplotype with pediatric-onset
[5]
IBD has been reported . The multi-drug resistance
gene MDR1 single nucleotide polymorphisms (SNPs)
C1236T and G2577A/T have also been shown to
be associated with CD in an Algerian pediatric CD
[6]
population .
Mutations in IL-10 and IL-10 receptors IL10RA and
[7-12]
IL10RB have been linked to VEO IBD
. Knockout
[13]
mice lacking IL-10 develop IBD . IL-10 and STAT3
have been identified as IBD-associated genes in
[10,14-20]
children and adults
. The IL-10 gene encodes
an anti-inflammatory cytokine and the IL-10/STAT3
signaling pathway plays an important role in controlling
inflammation and protecting the intestine tissue from

RESULTS
The results showed that IL-10 rs304496 was associated
with pediatric IBD (P = 0.022), but no association
was found for two other IL-10 SNPs, rs1800872 and
rs2034498, or for SNPs in genes IL10RA , IL10RB ,
STAT3 , and HO1 . However, analysis of epistatic
interaction among these genes showed significant
interactions: (1) between two IL-10 SNPs rs1800872
and rs3024496 (additive-additive P = 0.00015,
Bonferroni P value (Bp) = 0.003); (2) between IL-10RB
rs2834167 and HO1 rs2071746 (dominant-additive, P =
0.0018, Bp = 0.039); and (3) among IL-10 rs1800872,
IL10RB rs2834167, and HO1 rs2071746 (additivedominant-additive, P = 0.00015, Bp = 0.005), as well
as weak interactions among IL-10 rs1800872, IL-10
rs3024496, and IL-10RA (additive-additive-additive,
P = 0.003; Bp = 0.099), and among IL10RA , IL10RB ,
and HO1 genes (additive-dominant-additive, P = 0.008,
Bp = 0.287).
CONCLUSION
These results indicate that both the IL-10 gene itself,
and through epistatic interaction with genes within the
IL-10/STAT3 signaling pathway, contribute to the risk
of pediatric IBD.
Key words: Pediatric inflammatory bowel disease;
interleukin-10; HO1; Single nucleotide polymorphism;
IL10-STAT3 pathway; epistatic interaction
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Inflammatory bowel disease (IBD) affects
not only adults, but also children and newborn
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State University IBD Biobank (IBD, n = 31 including
[28]
18 with CD and 13 with UC) . Healthy gDNA control
samples (n = 129) were obtained from CCFA (n =
70) and the Hershey Medical Center (n = 59). The
race, age and sex of the controls were matched to the
study cases; none of the controls were identified with
gastrointestinal-related diseases (Table 1).
Informed consent was obtained for all patient
samples retrieved from the Pennsylvania State
University IBD Biobank and the Hershey Medical
Center. All study protocols were approved by the
Penn State University College of Medicine Institutional
Review Board. CCFA gDNAs were collected from
samples originating from the University of North
Carolina at Chapel Hill, University of Chicago, CedarsSinai Hospital, Massachusetts General Hospital,
University of Pittsburgh, and Mt. Sinai Hospital, with
written informed parental or guardian consent.

Table 1 Study samples
Sample
IBD
CD
CCFA
Hershey
UC
CCFA
Hershey
Control

n

Sex, n

Race, n

Age at
diagnosis

159
136
118
18
23
10
13
129

Male, 85; female, 74
Male, 77; female, 59
Male, 65; female, 53
Male, 12; female, 6
Male, 9; female, 14
Male, 5; female, 5
Male, 4; female, 9
Male, 65; female, 64

White, 153; black, 6
White, 130; black, 6
White, 112; black, 6
White, 18
White, 23
White, 10
White, 13
White, 121; black, 7;
unknown, 1

13.1
13.1
13.0
13.4
13.3
12.9
13.6
17.5

IBD: Inflammatory bowel disease; CD: Crohn’s disease; CCFA: Crohn’s
and Colitis Foundation of America; UC: Ulcerative colitis.
[21,22]

damage
. During the IL-10 signaling transduction,
IL-10 binds to receptors IL10RA and IL10RB, and
activates Jak1 and Tyk2, leading to phosphorylation
of STAT3. Then, the activated STAT3 translocates into
the nucleus and regulates target gene transcription to
[23,24]
promote an anti-inflammatory response
.
Despite pronounced evidence of the role of the
genes comprising IL-10 and genes within the IL-10/
STAT3 signaling pathway, our knowledge about how
they may interact with each other to determine IBD
development is still very limited. Genetic interactions
between different loci, i.e., epistasis, have been
thought to be of paramount importance in complex
[25,26]
diseases
. Given the underlying complex pathways,
it is reasonable to hypothesize that the genes de
tected affect IBD through a network of gene-gene
interactions between genes, or SNP-SNP interactions
within a gene. In this paper, we used a computational
[27]
model
to analyze how epistatic interactions among
polymorphic loci in the IL-10 gene and IL-10/STAT3
pathways govern pediatric IBD in a case-control
setting. The model cannot only estimate low-order
epistasis between a pair of loci, but also detect highorder epistasis among three loci, thereby it is equipped
with a capacity to unravel etiological complexities
of pediatric IBD. Furthermore, by integrating classic
quantitative theory, this model dissects overall epistatic
interaction into its underlying components. With this,
one may better understand the genetic machinery of
this disease from a mechanistic aspect.

DNA isolation

gDNA samples were obtained from CCFA as noted
above. The gDNA from Hershey Medical Center was
isolated from blood samples or Epstein Bar virusimmortalized B cell lines using Qiagen DNA Mini Kits
(Qiagen Inc., Valencia, CA, United States). After
DNA concentration was measured with a Nanodrop
ND-2000 spectrophotometer (Thermo Scientific,
Waltham, MA, United States), the gDNA samples were
stored at -80 ℃ until use.

Selection criteria and study of SNPs from IL-10, IL10RA,
IL10RB, STAT3, and HO1

Seven SNPs from these five genes were studied. These
are rs1800872 (C-592>A), rs3024498 and rs3024496
[23]
[7]
from IL-10 ; rs3135932 from IL10RA ; rs2834167
[7,29]
from IL10RB
; rs744166 from STAT3; and rs2071746
[30,31]
from HO1
. The criteria for SNP selection were
based (1) on the potential relevance of these SNPs in
the function and the regulation of genes, which have
been associated with IBD and other diseases, and/or
play a role in inflammatory processes; (2) on the gene
location, either within the coding region that changes
the encoded amino acid, or at 5’ upstream or 3’UTR
potentially affecting RNA transcription, RNA stability or
protein translation; and (3) being polymorphic in the
study samples as tested in our preliminary study and
having minor allele frequency information in existing
databases. A summary of these SNPs is provided in
Table 2, including genetic variation, chromosomal
position, gene location, and disease implication.

MATERIALS AND METHODS
Study samples

Genomic (g)DNA samples obtained from a total of 159
pediatric IBD patients (CD, n = 136; UC, n = 23) were
studied. The age of diagnosis for all patients was <
17-years-old. The patients were Caucasian (n = 153)
and African American (n = 6). gDNA samples were
obtained from the Crohn’s and Colitis Foundation of
America (CCFA) DNA Databank (IBD, n = 128 including
118 with CD and 10 with UC) and the Pennsylvania
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Genotype analysis

The genotypes of all seven SNPs were determined with
[32]
PCR-based RFLP/cRFLP as described previously .
The PCR primers and related information are given
in Table 3. Briefly, 100 ng DNA were used for PCR
in a 30 µL reaction volume. The PCR cycling profile
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Table 2 Study single nucleotide polymorphisms for IL-10 , IL10RA , IL10RB , STAT3 and HO1 genes
Gene

SNP ID

Chromosomal position

Variation

Gene location

Disease implication

Ref.

IL-10

rs1800872
rs3024498
rs3024496

206946407
206941529
206941864

C-592>A
c.T>C
A>G

5'-upstream
3'-untralated region
3'-untralated region

[37]
[41]
[37-39,41]

IL10RA

rs3135932

117864063

c.A247>G, p.Ser159Gly

coding region

IL10RB

rs2834167

34640788

c.A>G, p.Lys(A)47Glu(G)

coding region

STAT3
HO1

rs744166
rs2071746

404514201
3577672

A>G
A413>T

Intron 1 (closer to exon2)
5'-upstream

associated with IBD
associated with colorectal cancer
associated with IBD and colorectal
cancer, with decreased IL-10, with
increased IgE levels
mutations (other than the studied
SNP) associated with pediatric IBD
mutations (other than the studied
SNP) associated with pediatric IBD
associated with IBD
no association with IBD, associated
with asthma and allergy,
anti-inflammation, anti-oxidant

[7,10,12]
[7-11]
[20]
[30,31]

IBD: Inflammatory bowel disease; SNPs: Single nucleotide polymorphisms.

Table 3 PCR-RFLP method for genotyping IL-10 , IL10RA , IL10RB , STAT3 and HO1 genes
Gene

SNP ID

Variant

PCR amplification
1

IL-10

rs1800872

G>T

rs3024498

T>C

rs3024496

A>G

IL10RA

rs3135932

A>G

IL10RB

rs2834167

A>G

STAT3

rs744166

A>G

HO1

rs2071746

A>T

RFLP

Primers

Product, bp

Restriction enzyme

Recognition site

IL-2f: 5'-AACTTAGGCAGTCACCTTAGG-3'
IL-2r: 5'-CATCCTGTGACCCCTCCAGT-3'
IL-5f: 5'-GCTCCtTGGTTTCTCTTCCTA AG-3'
IL-5r: 5'-AGAAGCTTCCATTCCAAGCC TGA-3'
IL-4f: 5'-GTATCAGAGGTAATAAATATTCcAT-3'
IL-4r: 5'-TAGAAGCATACATGACAATGAAG-3'
RA3f: 5'-CCCGCAAATGACACATATGgA-3'
RA3r: 5'-AGTTCCCAATGGCACACAAGG-3'
RB3f: 5'-GCCATAGAGGAGAACCAAGTG-3'
RB3r: 5'-GCTGTGAAAGTCAGGTTCTCTT-3'
ST2f: 5'-CAGGAGTGCCAACATTGAGAG-3'
ST2r: 5'-G TAATGTCTTGAGGGAATCGAG-3'
HO4f: 5'-TCAGCAGAGGATTCCAGCAGG-3'
TG-3' HO4r: 5'-AGGCAGCGCTGCTCAGAGCAC-3'

149

ScaI

T yes; G No

137

HpyCH4V

C yes; T No

178

NlaIII

G yes; A No

172

MnI

G yes; A No

206

CarI

G yes; A No

106

AluI

A yes; G No

110

BfaI

A yes; T No

1

Lowercase letter indicates a mismatched nucleotide.

was as follows: 95 ℃ for 2 min, 5 cycles at 95 ℃ for
30 s, 50 ℃ for 1 min, and 72 ℃ for 1 min, then 30
cycles at 95 ℃ for 30 s, 58 ℃ for 1 min, and 72 ℃ for
1 min, followed by a final extension step at 72 ℃ for
4 min. PCR products (5 µl) were digested with an
appropriate restriction enzyme (Table 3) according to
manufacturer’s instructions. The digested PCR products
were separated by polyacrylamide gel electrophoresis
(8%), and the genotypes were scored according to the
gel pattern of the digested PCR products.

in disease progression. By using two different SNPs
simultaneously, epistasis may detect information that
cannot be detected by single SNP analysis. We have
[27]
developed a model of epistatic detection
which
allows high-order epistasis due to the interaction
among more than two loci to be characterized. This
model was used to test high-order epistasis between,
IL-10 and IL-10 receptors, IL-10 and STAT3, IL-10 and
HO1, and STAT3 and HO1. This model not only allows
the testing of additive (a) and dominant (d) effects
at single SNPs, but is also able to detect the epistatic
effects between two or three SNPs in a case-control
[27]
study .
Four types of epistatic interactions for two SNPs,
namely additive-additive (aa), additive-dominant (ad),
dominant-additive (da), and dominant-dominant (dd)
and eight types of epistatic interactions for three SNPs,
namely aaa, aad, ada, add, daa, dad, dda and ddd,
were estimated and are discussed in this paper.
We estimated the pair-wise linkage disequilibria
(LD) between these epistatic loci, which were detected
to be non-significant, showing that these loci are
segregating randomly in the population.

Statistical analysis

Single SNP analysis was statistically assessed by
associating each single SNP with the disease. Spe
cifically, we calculated the genotype-based OR and P
value based on Fisher’s exact test. We also calculated
95%CIs for each OR. The difference was considered as
significant when p < 0.05.

Epistatic interaction analysis of IL-10 and IL-10 pathway
genes

Epistatic analysis: Epistasis, due to the interaction
between two different loci, may play an important role
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Table 4 Genetic association of IL-10 , IL10RA , IL10RB , STAT3 and HO1 genes with pediatric inflammatory bowel disease
Gene

SNP ID

Genotype

Disease, n

Control, n

OR

95%CI

P value

IL-10

rs1800872

CC
CA
AA
C allele
A allele
CC
CT
TT
C allele
T allele
AA
AG
GG
A allele
G allele
AA
AG
GG
A allele
G allele
AA
AG
GG
A allele
G allele
GG
AG
AA
A allele
G allele
AA
AT
TT
A allele
T allele

89
68
2
246
72
86
65
8
237
81
57
69
33
183
185
108
39
12
255
63
91
66
2
248
70
64
66
29
194
124
32
96
31
158
160

78
50
1
206
52
77
47
5
201
57
27
69
33
123
135
85
40
4
210
48
64
60
5
188
70
49
63
17
161
97
30
71
28
131
127

0.863

0.564-1.313

0.71

0.830

0.552-1.244

0.616

1.487

1.055-2.099

0.022

0.925

0.595-1.433

0.160

1.318

0.884-1.968

0.203

0.943

0.662-1.340

0.352

0.957

0.680-1.348

0.634

rs3024498

rs3024496

IL10RA

rs3135932

IL10RB

rs2834167

STAT3

rs744166

HO1

rs2071746

SNP: Single nucleotide polymorphism.

IBD is associated with pediatric IBD, and whether the
IL-10/STAT3 pathway plays a role in pediatric IBD. The
study samples were 159 IBD (136 with CD and 23 with
UC) and the three SNPs genotyped were rs1800872,
rs3024496, and rs3024498. The results indicated
(Table 4) that neither of the two SNPs, rs1800872
and rs3024498, that have been previously observed
to be associated with adult IBD were associated with
pediatric IBD (p = 0.71 and p = 0.616, respectively).
The rs3024496 was the only SNP found to significantly
associate with pediatric IBD (p = 0.022).

RESULTS
IL-10 rs304496 is associated with pediatric IBD

There is limited information in terms of genetic
association studies for pediatric IBD. The present study
of pediatric IBD builds upon and extends findings from
our previous genetic association study on adult IBD.
[20]
We initially wished to confirm previous findings
as to whether IL-10 was involved in pediatric IBD.
Since published studies of IL-10 were done in adult
IBD, we carried out a pilot study with adult IBD. We
studied IL-10 association with 122 adult IBD (74 with
CD, 48 with UC) cases (mean age of 51 years) and
172 unrelated healthy controls from Hershey Medical
[33,34]
Center using the SNPlex Genotyping System
. The
results indicated that two IL-10 SNPs are significantly
associated with IBD: rs1800872 p = 0.0056, OR =
1.753, and 95%CI: 1.190-2.643; and rs304498 p =
0.0008 OR = 0.43, and 95%CI: 0.26-0.7. This pilot
genetic association study as well as other association
studies of adult IBD, guided our selection of genes and
SNPs for the present study.
In the present study, we wished to know whether
IL-10, shown previously to be associated with adult

WJG|www.wjgnet.com

No association with pediatric IBD was found for the
IL-10 pathway genes, IL10RA, IL10RB, STAT3, and HO1

The IL10-STAT3 signaling pathway plays an important
role in controlling inflammation in intestine. The
IL10RA, IL10RB and STAT3 are critical players in this
pathway. IL-10 and STAT3 have previously been
identified to be associated with IBD in adult, while
mutations in both IL-10 receptors A and B have been
demonstrated to be associated with early-onset IBD.
The activated STAT3 pathway regulates expression
of several critical anti-inflammatory genes, including
HO1, a potent anti-inflammation and anti-oxidant
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Table 5 Epistatic interaction between two single nucleotide polymorphisms in three IL-10 single nucleotide polymorphisms studied
Epistatic model

rs3024496, P = 0.022, Bp = 0.0226

rs3024498, P = 0.616; Bp = 1

aa
ad
da
dd
aa
ad
da
dd

P = 0.00015; Bp = 0.003
P = 0.057; Bp = 1
P = 0.010; Bp = 0.216
P = 0.239; Bp = 1

P = 0.638; Bp = 1
P = 0.605; Bp = 1
P = 0.977; Bp = 1
P = 0.049; Bp = 1
P = 0.371; Bp = 1
P = 0.222; Bp = 1
P = 0.167; Bp = 1
P = 0.584; Bp = 1

rs1800872, P = 0.71; Bp = 1

rs3024496, P = 0.022, Bp = 0.0226

The P and Bp values for each SNP are shown next to each SNP; the P and Bp values for each of two SNP interactions are shown in the 3rd and 4th column. In
the 2nd column (epistatic model), a: Additive; d: Dominant. For a two SNP interaction, four different types of interactions may occur: additive-additive (aa),
additive-dominant (ad), dominant-additive (da), and dominant-dominant (dd). Bp: Bonferroni P value; SNP: Single nucleotide polymorphism.

Table 6 Gene-gene interaction between IL-10 with IL10RA , IL10RB , STAT3 , or HO1 in pediatric inflammatory bowel disease
Gene

SNP

Epistatic model

IL10RA rs3135932,
P = 0.160; Bp = 1

IL10RB rs2834167,
P = 0.203; Bp = 1

STAT3 rs744166,
P = 0.352; Bp = 1

HO1 rs2071746,
P = 0.634; Bp = 1

IL-10

rs1800872

aa
ad
da
dd
aa
ad
da
dd
aa
ad
da
dd
aa
ad
da
dd

P = 0.046; Bp = 1
P = 0.739; Bp = 1
P = 0.056; Bp = 1
P = 0.126; Bp = 1
P = 0.330; Bp = 1
P = 0.068; Bp = 1
P = 0.884; Bp = 1
P = 0.265; Bp = 1
P = 0.021; Bp = 0.433
P = 0.020; Bp = 0.426
P = 0.081; Bp = 1
P = 0.967; Bp = 1
P = 0.403; Bp = 1
P = 0.384; Bp = 1
P = 0.518; Bp = 1
P = 0.176; Bp = 1

P = 0.029; Bp = 1
P = 0.107; Bp = 1
P = 0.376; Bp = 1
P = 0.168; Bp = 1
P = 0.062; Bp = 1
P = 0.629; Bp = 1
P = 0.307; Bp = 1
P = 0.644; Bp = 1
P = 0.425; Bp = 1
P = 0.495; Bp = 1
P = 0.189; Bp = 1
P = 0.570; Bp = 1

P = 0.248; Bp = 1
P = 0.954; Bp = 1
P = 0.117; Bp = 1
P = 0.036; Bp = 1
P = 0.143; Bp = 1
P = 0.032; Bp = 1
P = 0.316; Bp = 1
P = 0.029; Bp = 1
P = 0.538; Bp = 1
P = 0.306; Bp = 1
P = 0.234; Bp = 1
P = 0.402; Bp = 1
P = 0.251; Bp = 1
P = 0.956; Bp = 1
P = 0.776; Bp = 1
P = 0.072; Bp = 1

P = 0.910; Bp = 1
P = 0.617; Bp = 1
P = 0.569; Bp = 1
P = 0.671; Bp = 1
P = 0.898; Bp = 1
P = 0.840; Bp = 1
P = 0.607; Bp = 1
P = 0.790; Bp = 1
P = 0.346; Bp = 1
P = 0.741; Bp = 1
P = 0.297; Bp = 1
P = 0.457; Bp = 1
P = 0.128; Bp = 1
P = 0.369; Bp = 1
P = 0.0018; Bp = 0.039
P = 0.289; Bp = 1

rs3024498

rs3024496

IL10RB

rs2834167

Bp: Bonferroni P value; SNP: Single nucleotide polymorphism.

enzyme. Our genetic association study results indicate
that none of these genes is significantly associated
with pediatric IBD (Table 4).

not associate with pediatric IBD (p = 0.71) (Table 4),
the present data indicate that it may still contribute to
pediatric IBD via interaction with another IL-10 SNP,
namely rs3024496.

Epistatic interaction of SNP-SNP (rs3024496 and
rs1800872) within the IL-10 gene in pediatric IBD

Epistatic interaction of the IL-10 gene with the IL-10
signaling pathway genes, IL10RB and HO1, in pediatric
IBD

Based on previous genetic studies of the studied genes
[23,24]
and their role in the IL-10 pathway
, we speculated
that some of the SNPs contribute to disease by
interacting with other genes. To test this hypothesis
[27]
we used our recently developed model
that has
been demonstrated to be genetically meaningful in our
[30,35,36]
previous studies on IBD susceptibility genes
.
First, we studied SNP-SNP interaction among three
SNPs (rs1800872 and rs3024496, rs1800872 and
rs3024498, and rs3024496 and rs3024498) within
the IL-10 gene of all possible combinations of a and d
models.
A significant epistatic interaction was only observed
for rs1800872 and rs3024496 (p = 0.00015; Bp =
0.003) (Table 5). A graphical depiction of this aa model
is shown in Figure 1. Although the IL-10 rs1800872
was shown by itself to associate with adult IBD but
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We further analyzed gene-gene interactions between
IL-10 and the other four genes, IL10RA, IL10RB,
STAT3, and HO1, involved in the IL-10 signaling
pathway. The results showed that none of the three
IL-10 SNPs significantly interacted with the SNPs of
the other four genes (Table 6). Although a low P-value
was observed for the IL-10 rs1800872 with either the
IL10RA (aa, p = 0.046), IL10RB (aa, p = 0.029), or
STAT3 (dd, p = 0.036), and for the IL-10 rs3024498
with the STAT3 (ad, p = 0.032; dd p = 0.029),
none of these stood as significant after Bonferroni
correction was applied. Only the interaction of the
IL-10 rs3024496 with the IL10RA rs3135932 showed
a low Bp (aa, p = 0.021, Bp = 0.433; ad, p = 0.020,
Bp = 0.426) (Table 6). A graphic depiction of the
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Figure 3 Epistatic interaction of two IL-10 single nucleotide polymorphisms,
rs1800872 and rs3024496, with IL10RA, IL10RB, STAT3 and HO1 in
pediatric inflammatory bowel disease. Graphic depiction of epistatic
interaction of the IL-10 SNPs rs3024496 and rs1800872 with the IL10RA
rs3135932. All the interaction models analyzed for the IL-10 SNPs rs3024496
and rs1800872 with the IL10RA rs3135932 are shown. However, only one
significant interaction model additive-additive-additive (a1a2a3) was observed
(P = 0.003, Bp = 0.099). Levels of Bp values are shown in the bar as shades
of blue color from none (Bp = 1) to high (Bp = 0.001). a1, d1, a2, d2, a3, d3:
Letters, a and d, are for interaction model additive and dominant respectively;
Numbers 1, 2, and 3 depict the IL-10 rs3024496, IL-10 rs1800872, and IL10RA
rs3135932 respectively. The contribution of a single SNP in an interaction
model could be either a or d (a1 and d1 for SNP #1, a2 and d2 for SNP #2, and
a3 and d3 for SNP #3). The interaction models for two and three SNPs are the
combination of the two and three SNPs; such as, a1a2 for SNPs 1 and 2, and
a1a2a3 for SNPs 1, 2, and 3. Bp: Bonferroni P value; SNPs: Single nucleotide
polymorphisms.

Bonferroni P value
0.001

Figure 2 Gene-gene interaction between IL-10 and IL10RA, IL10RB
and HO1 in pediatric inflammatory bowel disease. A: Graphic depiction
of epistatic interaction between the IL-10 SNP rs3024496 and the IL10RA
rs3135932. Four interaction models for rs3024496 and rs3135932 are shown.
The additive-additive and additive-dominant models are both weak (Bp = 0.433
and 0.426 respectively), and the other two models are not observed (Bp =
1, no color); B: Graphical depiction of epistatic interaction between the HO1
rs2071746 and the IL10RB rs2834167. Four interaction models for rs3024496
and rs3135932 are shown. Only the additive-dominant model is significant (Bp
= 0.039), and the other three models are not observed (Bp = 1, no color). The
levels of Bp values are shown in the bar as shades of blue color from none
(Bp = 1) to high (Bp = 0.001). Bp: Bonferroni P value; SNPs: Single nucleotide
polymorphisms.

interaction of IL-10 with other genes. As shown in Table
7, in the presence of the two IL-10 SNPs, the association
of IL10RA rs3135932 is increased remarkably from p
= 0.16 (when analyzed by itself), to p = 0.046 (with
rs1800872), p = 0.021 (with rs3024496) (Table 5) to p
= 0.003 (with both rs1800872 and rs3024496) (Table
7). This epistatic interaction is an aaa model (Figure 3).
However, the interaction of the two IL-10 SNPs did not
exhibit any further observed effect on IL-10 interaction
with the other genes, IL10RB, STAT3, and HO1 (Table 7).

interaction model of IL-10 with IL10RA is shown in
Figure 2A. From a single association study as described
above, none of the SNPs of the four genes in the IL-10
signaling pathway was associated with pediatric IBD.
However, we found that SNPs of the IL-10RB and HO1
genes contribute to pediatric IBD (da, p = 0.0018, Bp
= 0.039) (Table 6) via gene-gene interaction. Graphic
depictions for the model interactions between IL10RB
and HO1 are shown in Figure 2B.

Epistatic interaction of the IL-10 pathway genes IL10RA,
IL10RB, STAT3, and HO1 in pediatric IBD

Based on the epistatic interaction of IL10RB with HO1
(Table 6, Figure 2B), we further analyzed the effect of
the IL10RB and HO1 interaction (in each of the four
models aa, ad, da and dd) on the contribution to IBD
in conjunction with IL-10, IL10RA and STAT3. Eight
types of epistatic interactions in each set of three SNPs
were studied. As shown in Table 8, a significant effect

Epistatic interaction of the IL-10 rs3024496 and
rs1800872 with the IL10R, rs3135932 in pediatric IBD

We next investigated whether the interaction of two
IL-10 SNPs, rs1800872 and rs3024496, affects further
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Figure 1 Epistatic interaction between IL-10 single nucleotide
polymorphisms rs3024496 and rs1800872. Graphic depiction of epistatic
interaction between the IL-10 SNPs, rs3024496 and rs1800872. Four interaction
models for rs3024496 and rs1800872 are shown. The additive-additive model
is significant (Bp = 0.003), the additive-dominant model is weak (Bp = 0. 216),
and the other two models are not observed (Bp = 1, no color). Bp: Bonferroni P
value; SNPs: Single nucleotide polymorphisms.
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Table 7 Epistatic interaction among the two IL-10 single nucleotide polymorphisms, rs1800872 and rs3024496, and IL10RA ,

IL10RB , STAT3 , or HO1

Epistatic
model

IL10RA rs3135932,
P = 0.16; Bp = 1

IL10RB rs2834167,
P = 0.203; Bp = 1

STAT3 rs744166,
P = 0.352; Bp = 1

HO1 rs2071746,
P = 0.634; Bp = 1

aaa

P = 0.003;
Bp = 0.099
P = 0.130;
Bp = 1

P = 0.080;
Bp = 1
P = 0.340;
Bp = 1

P = 0.175;
Bp = 1
P = 0.920;
Bp = 1

P = 0.216;
Bp = 1
P = 0.140;
Bp = 1

Two IL-10 SNPs:
rs1800872 and rs3024496
aa: P = 0.0002;
Bp = 0.003

aad

The additive-additive (aa) interaction model for the two IL-10 SNPs (rs1800872 and rs3024496) from Figure 1 was chosen for further analysis, in order to
study the interaction of these two IL-10 SNPs with SNPs of four other genes. The two interaction models, aaa and aad, were for the two IL-10 SNPs and
SNPs from each of the four genes. A significant P value (P = 0.003) was observed only with the IL10RA SNP (rs3135932). Bp: Bonferroni P value; SNPs:
Single nucleotide polymorphisms.

Table 8 Epistatic interaction of IL10RB and HO1 with IL-10 (three single nucleotide polymorphisms), IL10RA , or STAT3
Epistatic IL-10 rs1800872, IL-10 rs3024498,
IL-10 rs3024496,
IL10RA rs3135932, STAT3 rs744166,
model P = 0.71; Bp = 1 P = 0.616; Bp = 21 P = 0.022; Bp = 0.0226 P = 0.16; Bp = 1 P = 0.352; Bp = 1
aa IL10RB rs2834167
and HO1 rs2071746

aaa
aad

ad IL10RB rs2834167
and HO1 rs2071746

ada
add

da IL10RB rs2834167
and HO1 rs2071746

daa
dad

dd IL10RB rs2834167
and HO1 rs2071746

dda
ddd

P = 0.029;
Bp = 1
P = 0.127;
Bp = 1
P = 0.394;
Bp = 1
P = 0.976;
Bp = 1
P = 0.00015;
Bp = 0.005
P = 0.072;
Bp = 1
P = 0.199;
Bp = 1
P = 0.694;
Bp = 1

P = 0.545;
Bp = 1
P = 0.240;
Bp = 1
P = 0.824;
Bp = 1
P = 0.406;
Bp = 1
P = 0.489;
Bp = 1
P = 0.140;
Bp = 1
P = 0.808;
Bp = 1
P = 0.958;
Bp = 1

P = 0.255;
Bp = 1
P = 0.928;
Bp = 1
P = 0.242;
Bp = 1
P = 0.327;
Bp = 1
P = 0.047;
Bp = 1
P = 0.388;
Bp = 1
P = 0.568;
Bp = 1
P = 0.007;
Bp = 0.242

was observed on the interaction of these two genes,
IL10RB and HO1, with the IL-10 gene rs1800872
(p = 0.00015, Bp = 0.005). The model of the three
gene interaction dIL10RBaHO1aIL-10 is depicted in Figure 4.
Moreover, weak interactions were also observed on the
interaction of these two genes with IL10RA rs3135932
(aaa p = 0.023, Bp = 0.820; daa p = 0.008, Bp =
0.287) and with STAT3 rs744166 (daa p = 0.014, Bp
= 0.491). As shown in Figure 2B, the interaction model
dIL10RBaHO1 for IL-10 and HO1 is significant (Bp = 0.039).
The three SNPs interaction analysis indicated that this
model is responsible for the interaction of IL10RB and
HO1 with the other genes, IL-10, IL10RA, and STAT3,
in the IL-10 pathway, as dIL10RBaHO1aIL-10, dIL10RBaHO1aIL10RA,
and dIL10RBaHO1aSTAT3, respectively.
The findings indicate that the interaction between
IL10RB and HO1 may enhance their action with
IL-10 and IL10RA and elevate the pathway activity in
pediatric IBD. Considering that HO1 is an important
mediator of the anti-inflammatory effect of IL-10
and several mutations in IL10RB are associated with
pediatric IBD, these gene-gene interactions may affect
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P = 0.023;
Bp = 0.820
P = 0.193;
Bp = 1
P = 0.444;
Bp = 1
P = 0.644;
Bp = 1
P = 0.008;
Bp = 0.287
P = 0.205;
Bp = 1
P = 0.766;
Bp = 1
P = 0.181;
Bp = 1

P = 0.049;
Bp = 1
P = 0.554;
Bp = 1
P = 0.436;
Bp = 1
P = 0.649;
Bp = 1
P = 0.014;
Bp = 0.491
P = 0.977;
Bp = 1
P = 0.4731;
Bp = 1
P = 0.057;
Bp = 1

pathway function by regulating anti-inflammatory
activity in pediatric IBD.

DISCUSSION
In the present study, we identified a genetic association
of the IL-10 gene and the IL-10 signaling pathway
with pediatric IBD and demonstrated that both SNPSNP and gene-gene epistatic interactions contribute
to pediatric IBD. The specific findings include the
following: (1) IL-10 rs3024496 is identified to be
associated with pediatric IBD; (2) an aa interaction was
found between IL-10 SNPs rs3024496 and rs1800872;
(3) the SNP-SNP interaction in the IL-10 gene affects
its action with the IL-10 receptor IL10RA; (4) the IL-10
signaling pathway genes IL10RB and HO1 together
are significantly associated with pediatric IBD via SNPSNP interaction; and (5) a significant association of the
three genes, IL-10, IL10RB and HO1, with pediatric
IBD was identified from epistatic interaction analysis
among three SNPs.
The IL-10 gene has been shown to be associated
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identified genes collectively represents only < 20%
[47,51-55]
of the overall disease risk
indicates that other
genetic/genomic and environmental factors may play
a role in IBD pathogenesis. In the present study, we
studied IL-10 gene contribution in pediatric IBD by
analyzing its association with disease as well as its
epistatic interaction with IL-10 pathway genes. Our
results indicate, in addition to disease association of
IL-10 itself, that SNP-SNP and gene-gene interactions
contribute significantly to pediatric IBD.
Our results support that epistasis plays an important
role in the formation and progression of human
[56,57]
diseases
. Understanding gene-gene interaction
is crucial to our understanding of the regulation of
physiological function. When epistasis occurs, the
presence of two or more particular loci may increase
or reduce the risk of a disease more than would be
[58]
expected from their independent effects . A host
of statistical models have been developed to analyze
[59,60]
epistatic effects in different genetic designs
.
Our recently developed model for multilocus
epistatic interactions in case-control studies has proven
to be genetically meaningful through the incorporation
of traditional quantitative genetic principles into
[27]
statistical models . Using this model we have
previously studied epistatic interaction between SNPs
within the DLG5 gene and between IBD genes DLG5,
[28,35,36]
OCTN1, IL23R and NOD2
, and found that
epistatic interaction is an important component in IBD
pathogenesis. In this study, we used the same method
to study gene-gene interaction in IL-10 signaling
transduction pathway. IL-10 signaling transduction
occurs through binding of IL-10 to its receptors IL10RA
and IL10RB to form a complex, with downstream
[24,25]
molecules, Jak1 and Tyk2, activating STAT3
.
IL10RA is specific to IL-10, but IL10RB also interacts
with several other cytokines. When either IL10RA
or IL10RB is mutated, the signals from IL-10 cannot
be received and the resulting inflammation causes
[23,24]
tissue damage in the gastrointestinal system
. A
significant epistatic interaction was observed between
two IL-10 SNPs, resulting in a significant effect of
IL-10 interaction with IL10RA, but not with IL10RB
(Table 7). This indicates that IL-10 may interact with
receptor IL10RA, which plays a role in the initiation of
the signaling pathway.
We also observed a significant epistatic interac
tion between IL-10, IL10RB, and the downstream
pathway target HO1 gene (Table 8). The key factor
for interaction of these three genes is IL10RB that
interacts strongly with HO1. This finding indicates that
the IL-10 receptors IL10RA and IL10RB are likely to
function differently in the IL-10 pathway in pediatric
IBD. Although HO1 was not found to be associated
[61]
with IBD , it has been shown to be associated with
[44,61]
other diseases such as asthma and allergy
. HO1 is
a potent enzyme of anti-inflammation, and has a very
important function of the IL-10 pathway in controlling
[14]
inflammation .
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Figure 4 Epistatic interaction of IL10RB and HO1 with IL-10 (three single
nucleotide polymorphisms), IL10RA and STAT3 in pediatric inflammatory
bowel disease. Graphic depiction of epistatic interaction of the IL-10
rs1800872, IL10RB rs2834167 and HO1 rs2071746. Of all the interaction
models analyzed, a three SNP interaction (a1d2a3) for IL-10 rs1800872,
IL10RB rs2834167 and HO1 rs2071746 is significant (Bp = 0.005). The levels
of Bp values are shown in the bar as shades of blue color from none (Bp = 1)
to high (Bp = 0.001). a1, d1, a2, d2, a3, d3: Letters, a and d, denote interaction
models, additive and dominant respectively; Numbers 1, 2, and 3 are for
IL-10 rs1800872, IL10RB rs2834167, and HO1 rs2071746, respectively. The
contribution of a single SNP in an interaction model could be either a or d: a1
and d1 for SNP #1, a2 and d2 for SNP #2, and a3 and d3 for SNP #3. The
interaction models for two and three SNPs are the combination of two and three
SNPs (e.g., a1a2 for SNPs 1 and 2, and a1a2a3 for SNPs 1, 2, and 3). Bp:
Bonferroni P value; SNP: Single nucleotide polymorphism.

with adult IBD by GWASs. The most studied IL-10 SNP,
-1082A>G (rs1800896), is thought of as having
[7,14-16,37]
potential for gene transcription regulation
.
The IL-10 SNP rs3024496 is shown to be related to
inflammatory response with increased levels of IgE
[38]
to dust mite , or decreased production of IL-10 by
[39]
[40]
peripheral blood leukocytes , and with prostate
[41]
and colorectal
cancer, but has not been shown
to be associated with IBD. The IL-10 rs1800872 is
[37]
associated with IBD
and also with increased serum
[42,43]
IL-10 levels in CD
, as well as with irritable bowel
[44]
[42,43,45,46]
syndrome
and cancer susceptibility
. In this
study, we found that IL-10 rs3024496 is associated
with pediatric IBD, and rs1800872, although by
itself is not associated with pediatric IBD, appears to
contribute to pediatric IBD via epistatic interaction with
rs3024496.
Although currently more than 163 genes have
[47-50]
been identified to be associated with IBD
, only
few of them have been studied in pediatric IBD.
The estimate that a genetic contribution of the
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IBD. Their physiological function in the regulation of
the anti-inflammatory pathway in response to proinflammatory stimulation, and protection of diseased
tissues from damage is currently not well studied. IBD
is a major gastrointestinal disease affecting 1.4 million
people in the United States. About 15%-25% of IBD
[16,23]
patients are diagnosed in childhood
. Specific
investigation targeting the IL-10 signaling pathway in
pediatric IBD pathogenesis will help to understand the
pathogenesis of pediatric IBD, and may provide target
molecules and pathways to potentially develop antiinflammatory agents for clinical treatment of pediatric
IBD.
Other cytokines are also shown to be involved
in the inflammatory process of IBD. Studies on
correlation between NO and IL17A, IL-23 and IL-6
levels in plasma of IBD patients indicated that the
IL-23/IL17A axis and NO synthase pathway are
[63]
involved in inflammation regulation in IBD .
In summary, IL-10 is associated with pediatric
IBD, and the IL-10 signaling pathway that plays an
important role in anti-inflammation. We propose,
as depicted in Figure 5, that in pediatric IBD patho
genesis, (1) IL-10 via its interaction with receptor
IL10RA, and then together with receptor IL10RB are
critical for the initial step of the signaling transduction;
(2) IL-10 via its interaction with receptor IL10RB plays
a key role in regulating gene transcription of antiinflammation enzymes, such as HO1, that may lead to
an anti-inflammatory response; and (3) no significant
interaction was found between IL-10 and IL-10
receptors with STAT3, a key molecule in the IL-10
pathway. However, further investigation may provide
insight as to whether JAK1 and Tyk2 are involved in
pediatric IBD, via potential interactions with IL10RA
and IL10RB where together their gene products could
phosphorylate and activate STAT3.

IL10
rs3135932

IL10RA

rs2834167
Jak1
?

Tyk2
?

STAT3

rs2071746

IL10RB

IL-10 anti-inflammation regulation

IL-10 signaling initlation

rs3024496 rs1800872

HO1

Anti-inflammation and intestinal
tissue damage in pediatric IBD

Figure 5 Summary of gene function and epistatic interaction of the IL-10/
STAT3 signaling pathway in pediatric inflammatory bowel disease. In the
IL-10 pathway genes, genetic variations in IL-10 and STAT3 are associated
with adult IBD, and genetic mutations identified from IL10RA and IL10RB
are associated with pediatric/very early onset inflammatory bowel disease
(published data). In this study, we found SNP-SNP epistatic interaction within
the IL-10 gene, between IL10 and IL10RA genes, and between IL10RB and
HO1 genes. We also found epistatic interaction among three SNPs between the
two genes IL-10 (two SNPs) and IL10RA, and among the three genes IL-10,
IL10RB and HO1. Bp: Bonferroni P value.

Although STAT3 is a critical component of the
[23,24]
IL-10/STAT3 pathway
, no significant interaction
was observed between IL-10 and/or IL-10 receptors
with STAT3, indicating that other factor(s) may play
a role between these two genes in the pathway.
We know that in the IL-10 pathway, upon binding
of IL-10 to cell receptors IL10RA and IL10RB, the
IL-10 receptor complex members JAK1 and Tyk2 are
activated and catalyze phosphorylation of themselves
[3,4]
and then of IL10RA , thereby forming a docking site
for STAT3. STAT3 is phosphorylated by JAK1 and Tyk2,
and this phosphorylation causes STAT3 dimerization
and translocation to the nucleus where it can induce
expression of its target genes including HO-1.
Therefore, we speculate that JAK1 and Tyk2 play a role
in pediatric IBD by their activity in the phosphorylation
and activation of STAT3 in IL-10 signaling pathway.
Recently, pediatric/VEO IBD has been suggested
[11,62]
to be a distinct form of IBD
, and SNPs in IL-10
and IL-10 receptors have been associated with VEO
[7-12]
IBD
. In the present study, we identified IL-10 SNP
of rs3024496 to be associated with pediatric IBD; this
has not been shown to be associated with adult IBD.
However, our results did not show a genetic association
of the IL-10 rs1800872 and STAT3 rs744166 with
pediatric IBD, which have been shown to be associated
with adult IBD. Our present study also showed that
epistatic interactions of IL-10 with genes IL10RA,
IL10RB, STAT3, and HO1 contribute to pediatric
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Knockout mice lacking IL-10 develop inflammatory bowel disease (IBD),
and mutations in IL-10 and IL-10 receptor genes IL10RA and IL10RB have
been linked to very early-onset (VEO) IBD. Both IL-10 and STAT3 have been
identified as IBD-associated genes in adults, but these are not well studied in
pediatric IBD.

Research frontiers

Mutations of IL-10 and genes encoding its receptors have been identified
recently in VEO IBD. The authors studied genetic association of IL-10 and
genes in the IL-10/STAT3 pathway with pediatric IBD. Genetic interactions
between different loci, i.e., epistasis, have been thought to be of paramount
importance in complex diseases. In this paper, we used a computational model
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to analyze how epistatic interactions among polymorphic loci in the IL-10 gene
and IL-10/STAT3 pathway govern pediatric IBD in a case-control setting.

7

Innovations and breakthroughs

Despite pronounced evidence of the role of the genes comprising IL-10 and
genes within the IL-10/STAT3 signaling pathway, our knowledge about how
they interact with each other to determine IBD development is still very limited.
In this paper, they have identified IL-10 variation associated with pediatric IBD,
and found a number of epistatic interactions of IL-10 with genes in the IL-10/
STAT3 pathway contributing to pediatric IBD. The contribution of interactions of
the IL-10/STAT3 pathway and anti-inflammatory HO1 gene to IBD indicated that
IL-10 plays a role in the control of inflammation in IBD.
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Applications

The findings may help to understand the function of IL-10 and the IL-10
pathway in the control of inflammation in IBD, and identify target molecules for
clinical investigation and drug discovery for controlling inflammation in IBD.
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Abstract
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AIM
To determine the possibility that diabetes mellitus
promotes pancreatic ductal adenocarcinoma via
glyceraldehyde (GA)-derived advanced glycation-end
products (GA-AGEs).

Institutional review board statement: This study does not
need to be reviewed and approved by the Kanazawa Medical
University because the experiment only used an established cell
line (PANC-1) and the cell line was not genetically modified.

METHODS
PANC-1, a human pancreatic cancer cell line, was
treated with 1-4 mmol/L GA for 24 h. The cell viability
and intracellular GA-AGEs were measured by WST-8
assay and slot blotting. Moreover, immunostaining
of PANC-1 cells with an anti-GA-AGE antibody was
performed. Western blotting (WB) was used to analyze
the molecular weight of GA-AGEs. Heat shock proteins
90α, 90β, 70, 27 and cleaved caspase-3 were analyzed
by WB. In addition, PANC-1 cells were treated with
GA-AGEs-bovine serum albumin (GA-AGEs-BSA), as a
model of extracellular GA-AGEs, and proliferation of
PANC-1 cells was measured.
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RESULTS
In PANC-1 cells, GA induced the production of GA-AGEs
and cell death in a dose-dependent manner. PANC-1 cell
viability was approximately 40% with a 2 mmol/L GA
treatment and decreased to almost 0% with a 4 mmol/L
GA treatment (each significant difference was P < 0.01).
Cells treated with 2 and 4 mmol/L GA produced 6.4
and 21.2 μg/mg protein of GA-AGEs, respectively (P <
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0.05 and P < 0.01). The dose-dependent production
of some high-molecular-weight (HMW) complexes of
HSP90β, HSP70, and HSP27 was observed following
administration of GA. We considered HMW complexes
to be dimers and trimers with GA-AGEs-mediated
aggregation. Cleaved caspase-3 could not be detected
with WB. Furthermore, 10 and 20 μg/mL GA-AGEs-BSA
was 27% and 34% greater than that of control cells,
respectively (P < 0.05 and P < 0.01).

type of DM, has been shown to increase the risk of
pancreatic cancer by more than 50%; furthermore,
T2DM patients with pancreatic cancer have worse
prognosis and shorter survival time than those without
[5,6]
the disease .
However, the mechanisms promoting PDAC in
the pancreas of T2DM patients have not yet been
elucidated. Therefore, we focused on hyperglycemia,
a characteristic of T2DM. Glucose and fructose have
been shown to induce the production of advanced
[7-12]
glycation-end products (AGEs)
, which have, in
turn, been implicated in the pathogeneses of a number
of lifestyle-related diseases. Toxic and non-toxic AGEs
exist among the various types of AGE structures
generated in vivo. We previously identified AGEs
derived from glyceraldehyde (GA), a glucose/fructose
[7-12]
metabolism intermediate, also known as GA-AGEs
.
We designated GA-AGEs as toxic AGEs (TAGE)
because of their cytotoxicity and involvement in insulin
resistance, hypertension, diabetic complications,
cardiovascular diseases, dementia, non-alcoholic
[7-12]
steatohepatitis, Alzheimer’s disease, and cancer
.
We hypothesized that the production of GA-AGEs in
pancreatic ductal cancer cells in the pancreas of T2DM
patients promotes PDAC. In the present study, we
incubated PANC-1, a human pancreatic ductal cancer
cell line, with GA to generate intracellular GA-AGEs. We
analyzed cell viability, intracellular GA-AGEs, cell deathassociated proteins, and the high-molecular-weight
(HMW) complexes that appeared and increased in a
GA dose-dependent manner. Then, we investigated
whether secreted GA-AGEs from GA-AGEs-producing
pancreatic cancer cells promoted tumors. In this study,
we also examined the effects of GA-AGEs-bovine
serum albumin (GA-AGEs-BSA) on the proliferation of
PANC-1 cells.

CONCLUSION
Although intracellular GA-AGEs induce pancreatic
cancer cell death, their secretion and release may
promote the proliferation of other pancreatic cancer
cells.
Key words: Tumor promotion; Glyceraldehyde-derived
advanced glycation-end products; Pancreatic ductal
adenocarcinoma
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The mechanisms promoting pancreatic ductal
adenocarcinoma (PDAC) in the pancreas of Type 2
diabetes mellitus patients have not yet been elucidated.
We hypothesized that glyceraldehyde (GA)-derived
advanced glycation-end products (GA-AGEs) promote
PDAC. PANC-1 cells were treated with GA, which
induced the production of intracellular GA-AGEs and
cell death. The high-molecular-weight complexes of
heat shock proteins were produced after GA treatment
in a dose-dependent manner. GA-AGEs-bovine serum
albumin promoted the proliferation of PANC-1 cells.
Although intracellular GA-AGEs induce pancreatic
cancer cell death, their secretion and release may
promote the proliferation of other pancreatic cancer
cells.

MATERIALS AND METHODS
Takata T, Ueda T, Sakasai-Sakai A, Takeuchi M. Generation
of glyceraldehyde-derived advanced glycation end-products in
pancreatic cancer cells and the potential of tumor promotion.
World J Gastroenterol 2017; 23(27): 4910-4919 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i27/4910.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i27.4910

Materials

The human pancreatic cancer cell line PANC-1 (ATCCCRL-1469) was purchased from ATCC (VA, United
States). Dulbecco’s Modified Eagle’s Medium (DMEM),
penicillin-streptomycin solution, and L-glutamine
solution were obtained from Sigma-Aldrich (MO, United
States). 3-[(3-cholamidopropyl)-dimethylammonio]-1propanesulfonate (CHAPS) was obtained from Dojindo
Laboratories (Kumamoto, Japan). GA was purchased
from Nacalai Tesque, Inc. (Kyoto, Japan). The Western
re-probe kit was purchased from Funakoshi Co., Ltd.
(Tokyo, Japan). The protein assay kit for the BCA
method was purchased from Bio-Rad (CA, United
States). The protein assay kit for the Bradford method
was obtained from Takara Bio, Inc. (Otsu, Japan). All
other reagents and kits were purchased from Wako
Pure Chemical Industries, Ltd. (Osaka Japan). The
non-glycated control bovine serum albumin (BSA)
and GA-AGEs-BSA were prepared as described

INTRODUCTION
Pancreatic cancer is a highly lethal disease with a 5-year
[1,2]
survival rate of approximately 5% . Pancreatic ductal
adenocarcinoma (PDAC) accounts for approximately
[3]
90% of malignancies in the pancreas . The incidence
of diabetes mellitus (DM) is increasing worldwide each
year, and this condition may result in life-changing
complications. A total of 415 million adults are already
estimated to have DM (this will increase to 652 million
[4]
adults by 2040) . Type 2 DM (T2DM), the most common
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[13]

previously

.

in PBS (PBS-T). Non-fat skimmed milk (SM; Nacalai
Tesuque) at a final concentration of 5.0 g/L was
dissolved in PBS-T (5.0 g/L SM-PBS-T). The anti-GAAGE antibody (1:500) was incubated with a GA-AGEsBSA solution at a final concentration of 250 mg/L in 5.0
g/L SM-PBS-T at room temperature for 1 h.

Cell culture, cell seeds, and GA treatment

PANC-1 cells were grown in high glucose DMEM
supplemented with 100 mL/L fetal bovine serum
(FBS; Bovogen-Biologicals, VIC, Australia), 2.0 mmol/L)
glutamine, 100 U/mL penicillin, and 100 mg/mL
streptomycin under standard cell culture conditions
(humidified atmosphere, 50 mL/L CO2, 37 ℃). Cells
4
2
were seeded (1.9 × 10 cells/cm ) on various plates,
culture dishes (Becton-Dickinson, NJ, United States),
and glass chambers (Thermo Fisher Scientific Inc.,
MA, United States) and incubated for 24 h before GA
treatment. GA was diluted in phosphate buffered saline
(PBS) and filtered before being added to PANC-1 cells.
The volume of PBS (including GA) was 2.0 μL/100 μL
of the total medium volume. All experiments were
performed 24 h after GA treatment.

Preparation of cell lysates and SB analysis:
Cells were washed with PBS and harvested with
thiourea/urea lysis buffer. Protein concentrations were
measured by the Bradford protein assay kit, using BSA
as a standard. Cell lysates containing 2.0 μg of protein
were maintained. Thiourea/urea lysis buffer was added
to all samples to ensure equal final volimes.
The standard GA-AGEs-BSA solution and a
horseradish peroxidase (HRP)-conjugated molecular
marker (HRP-MM; Bionexus, CA, United States) were
dissolved in thiourea/urea lysis buffer. Then, a final
volume of 200 μL was obtained by adding PBS.
The polyvinylidene difluoride (PVDF) membrane
(Millipore, MA, United States), which was set on the
SB instrument (BIO-DOT SF, Bio-Rad), was washed
with PBS. Each sample, standard GA-AGEs-BSA
solution, and HRP-MM solution was then added to the
membrane under vacuum conditions. PBS was added
to wash the membrane. The membrane was then
washed with ultra-pure water for 1 min, and cut to
prepare two membranes: (1) the membrane for the
anti-GA-AGE antibody; and (2) the membrane for the
neutralized anti-GA-AGE antibody. Both membranes
were blocked at room temperature for 1 h using 50
g/L SM-PBS-T. After being washed, each membrane
was incubated with the anti-GA-AGE antibody (1:500)
or the neutralized anti-GA-AGE antibody in 5.0 g/L
SM-PBS-T at room temperature for 4 h. After being
washed with 5.0 g/L SM-PBS-T, both membranes were
incubated with an HRP-conjugated goat anti-rabbit
IgG antibody (Dako, Glostrup, Denmark; 1:2000) in
5.0 g/L SM-PBS-T at room temperature for 1 h. Then,
membranes were washed with PBS-T. Immunoreactive
complexes were visualized using the ImmunoStar
LD kit. The band densities on the membranes were
measured using the LAS-4000 fluorescence imager (GE
Healthcare, Tokyo, Japan) and expressed in arbitrary
units (AU). The densities of HRP-MM bands were
used to correct for differences in densities between
membranes. The amount of GA-AGEs in samples was
calculated based on a standard curve for GA-AGEsBSA.

Cell viability and proliferation

Cell viability and proliferation were assessed by the
WST-8 assay. Three hours after medium change
and treatment with the WST-8 reagent solution,
absorbance was measured at 450 nm and 650 nm
using a microplate reader (Labsystems Multiskan
ascent, Model No. 354; Thermo Fisher Scientific Inc.,
Kanagawa, Japan). A blank value was obtained (OD
450 nm-OD 650 nm) from a well containing medium
only. Cell viability and proliferation (%) = OD of GAtreated cells/OD of control cells.

Slot blotting analysis for GA-AGEs

Lysis buffer for slot blotting (SB): A solution
containing 2 mol/L thiourea, 7 mol/L urea, 40 g/L CHAPS,
and 30 mmol/L Tris (hydroxymethyl) aminomethane
(Tris) was diluted in ultra-pure water. Then, this
solution and 30 g/L of ethylenediamine-N,N,N’,N’tetraacetic acid (EDTA)-free protease inhibitor cocktail
(Roche Applied Science, Penzberg, Germany) solution
was mixed (9:1) to prepare the thiourea/urea lysis
buffer.
Preparation of rabbit anti-GA-AGE antibody: An
immunoaffinity-purified rabbit anti-GA-AGE antibody
[13]
was prepared as described previously . The imm
unoaffinity-purified anti-GA-AGE antibody did not
recognize well-characterized AGE structures such as
Nε-(carboxymethyl) lysine, Nε-(carboxyethyl) lysine,
pyrraline, pentosidine, argpyrimidine, imidazolone,
glyoxal-lysine dimers, methylglyoxal-lysine dimers,
or GA-derived pyridinium. Additionally, it did not
recognize other AGEs including glucose- and fructosederived AGEs, the structures of which are currently
unknown. This anti-GA-AGE antibody specifically
recognized unique and unknown GA-AGE structures.

Immunostaining

PANC-1 cells were cultured in a glass chamber for 24 h.
After removing medium and washing with PBS, fresh
medium was added to the dish. Cells were then treated
with GA and incubated at 37 ℃ for 24 h. Triton X-100
and BSA were dissolved in PBS (TritonX-100-PBS and
BSA-PBS). Cells were fixed in 16 g/L paraformaldehyde
at room temperature for 20 min, rinsed with PBS,
permeabilized with 1.0 mL/L Triton X-100-PBS for 10

Neutralization of the anti-GA-AGE antibody for
SB analysis: Tween 20 at a final concentration of 0.5
mL/L (GE Healthcare, Tokyo, Japan) was dissolved
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min and then rinsed with PBS, followed by 1.0 g/L
BSA-PBS. Finally, cells were incubated with 30 g/L
BSA-PBS (blocking step) for 1 h. After being washed
with 1.0 g/L BSA-PBS, cultured cells were incubated
with the anti-GA-AGE antibody dissolved in 10 g/L
BSA-PBS (1:100) for 1 h. Cells were then washed
three times with 1.0 g/L BSA-PBS and incubated with
the HRP-conjugated goat anti-rabbit IgG antibody
(1:1000) for 1 h. After being washed with 1.0 g/L
BSA-PBS and PBS, cells were incubated for 5 min
with 0.2 g/L 3,3’-diaminoenzidine tetrahydrochloride
(Dojindo) and 5.0 mL/L H2O2 in PBS. Cells were briefly
counterstained with hematoxylin. Optical microscopic
examination was performed using a microscope
system (OLYMPUS Co., Ltd. Tokyo, Japan).

HSP90β antibody (Abcam; 1:20000; ab119833) and
incubated at room temperature for 2 h. Then, proteins
on PVDF were incubated in the secondary antibody at
room temperature for 1 h. The anti-GAPDH antibody
was used after the target antibody was removed by
the Western re-probe kit.

Estimation of molecular weight of proteins

The molecular weight (MW) of proteins detected by
(WB) was calculated based on a single logarithmic
chart used by HRP-MM.

Statistical analysis

Stat Flex (ver. 6) software (Artech Co., Ltd.) was used
for statistical analyses. Data are expressed as the mean
± SD. When statistical analyses were performed on
the data, except those in the experiment of GA-AGEsBSA, significant differences in the mean of each group
were assessed by a One-Way Analysis of Variance. We
then used a Dunnett’s test for an analysis of variance. A
statistical analysis of the data shown in the experiment
of GA-AGEs-BSA was performed using the Student’s
t-test. In each statistical analysis, P values < 0.05 were
considered to be significant.

Western blotting analysis

Cells were harvested with a radioimmunoprecipitation
assay (RIPA) buffer (Thermo Fisher Scientific Inc.)
solution with 3.0 g/L protease inhibitor cocktail (Roche
Applied Science) solution. Protein concentrations
were assessed by the BCA assay kit, using BSA as a
standard. Lysates (15 μg protein/lane) were mixed
with sodium dodecyl sulfate (SDS) sample buffer (BioRad) and 2-mercaptoethanol (Sigma-Aldrich) and
heated at 95 ℃ for 5 min. They were separated by
SDS polyacrylamide gel electrophoresis (SDS-PAGE)
with 40-150 g/L gradient polyacrylamide gels (BioRad). Proteins were transferred onto PVDF membranes
using the semidry electron transfer system (ATTO Co.,
Ltd., Tokyo, Japan). The membranes were incubated
in 50 g/L SM-PBS-T at room temperature for 30 min
(blocking step). Proteins on PVDF membranes were
probed with the following primary antibodies at 4 ℃
overnight: anti-GA-AGE antibody (1:1000), neutralized
anti-GA-AGE antibody (1:1000), rabbit monoclonal
[ERP3953] anti-HSP90α antibody (Abcam, Cambridge,
United Kingdom; 1:2000; ab109248), rabbit polyclonal
anti-HSP70 antibody (Abcam; 1:8000; ab94368),
rabbit polyclonal anti-HSP27 antibody (Abcam 1:1000;
ab1428), rabbit polyclonal anti-cleaved caspase-3
(Asp175) antibody (Cell Signaling Technology Japan
K.K.; 1:1000; #9661), and mouse monoclonal
[6C5] anti-GA-3 phosphate dehydrogenase (antiGAPDH) antibody (Abcam; 1:10000; ab8245). PVDF
membranes were washed four times with 5.0 g/L SMPBS-T and incubated with secondary antibody at room
temperature for 1 h. The secondary antibodies were
the following: HRP-conjugated goat anti-rabbit IgG
antibody (Dako; 1:2000; REF0448), which was used
to analyze GA-AGEs, HRP-conjugated goat anti-mouse
IgG antibody (Thermo Fisher Scientific Inc.; 1:5000;
Product Number 31458), and HRP-conjugated donkey
anti-rabbit IgG antibody (Thermo Fisher Scientific
Inc.; 1:2000; Product Number 31432). Band densities
were measured as well as SB. When the detection of
HSP90β was performed, proteins on PVDF membranes
were probed with a mouse monoclonal [5G4] anti-
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RESULTS
Effects of GA treatment on cell viability and the
production of GA-AGEs in PANC-1 cells

We employed the WST-8 assay to examine the viability
of PANC-1 cells treated with GA for 24 h. The viability
of PANC-1 cells decreased in a GA dose-dependent
manner. PANC-1 cell viability was approximately 40%
with a 2 mmol/L GA treatment and decreased to almost
0% with a 4 mmol/L GA treatment (Figure 1A). We
then measured intracellular GA-AGEs using an SB
analysis and detected these products after 24 h. The
production of GA-AGEs in PANC-1 cells increased in a
GA dose-dependent manner (Figure 1B). Cells treated
with 2 and 4 mmol/L GA produced 6.4 and 21.2 μg/mg
protein of GA-AGEs, respectively. A large amount of GAAGEs was produced in cells treated with 4 mmol/L GA.
The results of immunostaining using an anti-GA-AGE
antibody are consistent with the SB results; namely,
the production of GA-AGEs in PANC-1 cells increased in
a GA dose-dependent manner (Figure 1C). Moreover,
we observed areas lacking cells in 2 and 4 mmol/L GA
treatment samples. The area without cells was larger
in the samples treated with 4 mmol/L GA than in those
treated with 2 mmol/L GA (Figure 1C).

Investigation of GA-AGEs

We performed a WB analysis on GA-AGEs. We
compared the bands on PVDF membranes incubated
with an anti-GA-AGE antibody and those on PDVF
membranes incubated with a neutralized anti-GA-AGE
antibody. The bands of GA-AGEs were confirmed and
their MWs were analyzed. Bands were clearly observed
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Figure 1 Analysis of cell viability, quantity of glyceraldehyde-derived advanced glycation-end products, immunostaining of glyceraldehyde-derived
advanced glycation-end products, and molecular weight of glyceraldehyde-derived advanced glycation-end products in PANC-1 cells treated with
glyceraldehyde for 24 h. A: Cell viability was assessed by the WST-8 assay. This assay was performed for three independent experiments. One assay was
performed for n = 7. Data are shown as mean ± SD (n = 7); B: Slot blotting analysis of intracellular glyceraldehyde (GA)-derived advanced glycation-end products
(GA-AGEs). Cell lysates (2.0 μg of protein/lane) were blotted onto polyvinylidene difluoride (PVDF) membranes. The amount of GA-AGEs was calculated based on a
standard curve for GA-AGEs-BSA. Slot blotting was performed for three independent experiments. Data are shown as mean ± SD (n = 3); C: Immunostaining of GAAGEs in PANC-1 cells. Cells were treated with 0, 1, 2 and 4 mmol/L GA. The arrow indicates the area stained by the anti-GA-AGE antibody. The scale bar represents
200 μm; D: Western blotting analysis of intracellular GA-AGEs in PANC-1 cells. Cell lysates (15 μg of proteins/lane) were loaded on a 40-150 g/L polyacrylamide
gradient gel. Proteins on the PVDF membrane were probed with anti-GA-AGE and anti-GA-3-phosphate dehydrogenase (GAPDH) antibodies. The molecular weight
of GA-AGEs was calculated based on a single logarithmic chart used by the molecular marker. GAPDH was used as the loading control. WB was performed for two
independent experiments. A and B: P values were based on Dunnett’s test. aP < 0.05, bP < 0.01 vs control.

at 33, 47, 54, 62, 88, 104, and 244 kDa (Figure 1D
and Figure S1). The results of the WB indicated the
production of GA-AGEs, and this was supported by
the results of SB and immunostaining using an antiGA-AGE antibody. The density of the GA-AGEs bands
appeared to increase in a GA dose-dependent manner.

are cell death-associated proteins that suppress the
production of cleaved caspase-3 from pro-caspase-3,
were analyzed by WB. Expression levels of the
monomer HSP90α decreased in a GA dose-dependent
manner (Figure 2A, B, and Figure S2), whereas that of
the monomer HSP90β did not (Figure 2C, D and Figure
S3). We only detected the 173 kDa band of HSP90β
in PANC-1 cells treated with GA and the 173 kDa
HSP90β/total HSP90β ratio increased in a GA dose-

Effects of GA treatment on HSP90α and HSP90β

Expression levels of HSP90α and HSP90β, which
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Figure 2 Western blotting analysis of HSP90α and HSP90β. PANC-1 cell lysates (15 μg of proteins/lane) were loaded on a 40-150 g/L polyacrylamide gradient
gel. A: Proteins on the polyvinylidene difluoride (PVDF) membrane were probed with anti-HSP90α and anti-GAPDH antibodies; B: Expression levels of HSP90α were
normalized with GAPDH; C: Proteins on the PVDF membrane were probed with anti-HSP90β and anti-GAPDH antibodies. A band of 173 kDa HSP90β only appeared
in PANC-1 cells treated with GA; D: Expression levels of the monomer HSP90β were normalized with GAPDH; E: The 173 kDa HSP90β/total HSP90β ratio. A and C:
Western blotting was performed for three independent experiments. GAPDH was used as the loading control; B, D and E: Data are shown as mean ± SD (n = 3). P
values were based on Dunnett’s test. aP < 0.05, bP < 0.01 vs control. GA: Glyceraldehyde.

Proliferation of PANC-1 cells treated with GA-AGEs-BSA

dependent manner (Figure 2C and E).

PANC-1 cells were treated with 10 and 20 μg/mL of
the non-glycated control BSA and GA-AGEs-BSA and
then incubated for 24 h. Cell proliferation was analyzed
using the WST-8 assay. The proliferation of PANC-1
cells treated with 10 and 20 μg/mL GA-AGEs-BSA
was 27% and 34% greater than that of control cells,
respectively (Figure 5).

Effects of GA treatment on HSP70 and HSP27

WB analysis of HSP70 and HSP27, which suppress
the production of cleaved caspase-3, HSP90α, and
HSP90β, was performed. Expression of the monomer
HSP70 was not affected by GA treatment, similar to
HSP90β expression (Figure 3A, B and Figure S4).
Furthermore, 138, 155, 184, and 244 kDa HSP70s
were detected in PANC-1 cells treated with GA
(Figure 3A, C-F). The ratio of these HSP70 bands to
total protein (HSP70/total HSP70) increased in a GA
dose-dependent manner (Figure 3A, C-F). However,
expression of the monomer HSP27 was only affected
by the 4 mmol/L GA treatment, in which it decreased
to 20% (Figure 3G, H and Figure S5). The band of 54
kDa HSP27 was only detected in cells treated with GA
and the 54 kDa HSP27/total HSP27 ratio increased in
a GA dose-dependent manner (Figure 3G and I). The
quantity of total HSP27 in cells treated with 4 mmol/L
GA was 52% when compared to control cells (Figure 3G).

DISCUSSION
PDAC accounts for approximately 90% of pancreatic
[3]
malignancies . Another characteristic of pancreatic
cancer is its association with T2DM, which increases
[5,6]
the risk of pancreatic cancer by more than 50% .
However, the mechanisms through which T2DM
promotes pancreatic cancer currently remain unknown.
We consider PDAC to be one of the lifestyle-related
diseases associated with T2DM. Therefore, we hypo
thesized that hyperglycemia, a characteristic of
T2DM, contributes to the promotion of PDAC. Because
hyperglycemia induces the production of AGEs, we
herein investigated if AGEs promote PDAC. However, it
is important to note that not all AGEs promote PDAC.
GA-AGEs generated from GA (glucose and fructose
metabolites) have been implicated in the patho
geneses of various diseases such as insulin resistance,
hypertension, diabetic complications, dementia, car
diovascular diseases, non-alcoholic steatohepatitis,
[7-12]
Alzheimer’s disease, and cancer
. Therefore, we

Effects of GA treatment on cleaved capsase-3

The production of cleaved caspase-3 was analyzed
with WB. Two types of Jurkat cell lysates were used
to confirm that the anti-cleaved caspase-3 antibody
was functioning correctly: one lysate was treated
with cytochrome c, whereas the other was not. Cleaved
caspase-3 was not detected in any of the lanes (0-4
mmol/L) of PANC-1 cell lysates (Figure 4 and Figure S6).
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Figure 3 Western blotting analysis of HSP70 and HSP27. PANC-1 cell lysates (15 μg of proteins/lane) were loaded on a 40-150 g/L polyacrylamide gradient gel.
A: Proteins on the polyvinylidene difluoride (PVDF) membrane were probed with anti-HSP70 and anti-GA-3 phosphate dehydrogenase (anti-GAPDH) antibodies. We
found four high-molecular-weight (HMW) complexes of HSP70s only in PANC-1 cells treated with GA. Their MWs were 138, 155, 184 and 244 kDa; B: Expression
levels of the monomer HSP70 were normalized with GAPDH; C-F: The 138 kDa HSP70/total HSP70, 155 kDa HSP70/total HSP70, 184 kDa HSP70/total HSP70, and
244 kDa HSP70/total HSP70 ratios; G: Proteins on the PVDF membrane were probed with anti-HSP27 and anti-GAPDH antibodies. A HMW complex with a MW of 54
kDa appeared only in PANC-1 cells treated with GA; H: Expression levels of the monomer HSP27 were normalized with GAPDH; I: The 54 kDa HSP27/total HSP27
ratio; A and G: WB was performed for three independent experiments. GAPDH was used as a loading control. B-F, H, I: Data are shown as mean ± SD (n = 3). P
values were based on Dunnett’s test. aP < 0.05, bP < 0.01 vs control. GA: Glyceraldehyde.
[7-12]

designated these GA-AGEs as TAGE
. In the present
study, we hypothesized that GA-AGEs contribute to the
development of PDAC.
To prove this hypothesis, PANC-1 cells were
incubated in high glucose medium, a model of T2DM
blood, and treated with GA. We speculated that GA
promotes the proliferation of PANC-1 cells. But our
results indicated cell viability decreases in a GA dosedependent manner (Figure 1A). In contrast, SB
analysis revealed that the production of GA-AGEs in
cells increased in a GA dose-dependent manner (Figure
1B), results that were supported by those obtained
using immunostaining (Figure 1C). Our results
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indicated that cell death is induced by the production
of GA-AGEs. Using WB, which was performed using
an anti-GA-AGE antibody, we detected 7 clear
bands (Figure 1D). Because the production of GAAGEs induced cell death, we investigated cell deathassociated proteins in PANC-1 cells. These proteins
were selected from those with MWs of 33, 47, 54, 62,
88, 104, and 244 kDa, which represent bands that
were detected by WB analysis with an anti-GA-AGE
antibody (Figure 1D). As a result, HSP90 was selected
as a candidate cell death-associated protein. This
protein has been identified as an apoptosis-associated
[14,15]
HSP in PANC-1 cells
. A previous study reported
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Cleaved
caspase-3

WB results on HSP90α revealed that band density
decreased in a GA dose-dependent manner (Figure
2A and B). This result generally suggests a decrease
in the expression or increase in the degradation of
HSP90α; however, another possibility is that the GA
derivative of HSP90α was generated and the epitope
for the anti-HSP90α antibody lost its function.
However, the expression of the monomer HSP90β,
[22]
an isomer of HSP90α , was not affected; furthermore,
the 173 kDa HSP90β was detected and increased
in a GA dose-dependent manner (Figure 2C-E). We
were unable to confirm GA-induced modifications in
the monomer HSP90β, but predicted that the 173
kDa HSP90β is a GA-AGEs-mediated homodimer. If
two HSP90βs combine with GA-derived modifications,
their MW is expected to be approximately 176 kDa,
which is close to 173 kDa. Because we confirmed the
presence of a 173 kDa HSP90β, we hypothesized that
the HMW complexes with GA-derived modifications in
HSP70 and HSP27 (e.g., GA-AGEs-mediated dimers,
trimers, and tetramers) may be generated and contain
GA-AGEs detectable by WB (Figure 1D). These HMW
complexes were generated in PANC-1 cells treated with
GA (Figure 3A, C-G, I). We considered 138, 155, 184,
and 244 kDa HSP70s to be the dimers and trimers
containing the homo and hetero types with GA-AGEsmediated aggregation. The possibility of 244 kDa
HSP70 being GA-AGEs is greater than that of another
HMW complexes of HSP70s because a clear band for
244 kDa GA-AGEs was detected in the WB analysis
(Figure 1D).
Because a 54 kDa band was clearly detected by
WB analysis using an anti-GA-AGE antibody, the
54 kDa HSP27 was likely to be a GA-AGE (Figure
1D). Moreover, we predict that 54 kDa HSP27 is a
homodimer with GA-AGEs-mediated aggregation
because its MW was twice that of a monomer. Monomers
and total HSP27 only decreased with the 4 mmol/L
GA treatment (Figures 3G-I). The production of GAAGEs in PANC-1 cells treated with 4 mmol/L GA were
greater than that seen with any other GA dose, and
most cells died. A decrease in monomers and total
HSP27 may have been induced due to the abnormal
cellular conditions caused by the excessive amount
of GA-AGEs. Previous studies identified a number of
different routes for cell death in PANC-1 cells including
[23-25]
apoptosis, necrosis, and autophagy
. HSP90,
HSP70, and HSP27 regulate apoptosis by suppressing
[14,15,20,21]
the production of cleaved caspase-3
. We were
interested in the decrease in the normal monomer
HSP90α and increase in the HMW complex of HSP90β,
HSP70, and HSP27 after GA treatment. Although we
speculated an increase in the production of cleaved
caspase-3, this was not observed in PANC-1 cells,
which generated intracellular GA-AGEs (Figure 4).
PANC-1 cells that produced GA-AGEs may have
undergone a non-apoptotic form of cell death. Cell
death may induce the release of intracellular GA-AGEs
into conditioned medium. Live cells may also secrete
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0 1 2 4 U T
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Figure 4 Western blotting analysis of cleaved caspase-3. PANC-1 cell
lysates (15 μg of protein/lane) and Jurkat cell lysates (10 μg of protein/lane)
were loaded on a 40-150 g/L polyacrylamide gradient gel. Proteins on the PVDF
membrane were probed with anti-cleaved caspase-3 and anti-GA-3 phosphate
dehydrogenase (anti-GAPDH) antibodies. U: The lysate of Jurkat cells not
treated with cytochrome c. T: The lysate of Jurkat cells treated with cytochrome
c. Western blotting was performed for three independent experiments. GAPDH
was used as a loading control. GA: Glyceraldehyde.
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Figure 5 Analysis of the proliferation of PANC-1 cells treated with
glyceraldehyde-derived advanced glycation-end products-bovine serum
albumin. PANC-1 cells were treated with 10 and 20 μg/mL of non-glycated
control BSA and glyceraldehyde-derived advanced glycation-end productsbovine serum albumin (GA-AGEs-BSA) to then be incubated for 24 h. This
assay was performed for two independent experiments. One assay was
performed for n = 7. Cell proliferation was assessed by the WST-8 assay. Data
are shown as mean ± SD (n = 7). P values were based on the Student’s t-test.
a
P < 0.05, bP < 0.01 vs control.

that GA-AGEs were generated from heat shock
cognate 70 (Hsc70), which belongs to the HSP family,
following treatment with GA in the human hepatic
[16]
cancer cell line, Hep3B . Apoptosis was induced in
Hep3B cells because GA-AGEs induced the formation
of Hcs70 aggregates, and therefore failed to exert its
normal functions.
Furthermore, AGEs were shown to be produced
from HSP27 by methylglyoxal, one of the by-products
[17-19]
of glycolysis
. HSP90, HSP70, and HSP27 are
important proteins in cell death because they suppress
the production of cleaved caspase-3 from pro-caspase-3
[14,15,20,21]
in PANC-1 cells
. Because bands at 70 and 27
kDa were not clearly detected by WB with an anti-GAAGE antibody (Figure 1D), we only targeted HSP90.
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GA-AGEs. After analyzing intracellular GA-AGEs and
proteins associated with cell death, we hypothesized
that extracellular GA-AGEs promote the growth of
pancreatic cancer cells. The proliferation of PANC-1
cells was promoted by both 10 and 20 μg/mL of GAAGEs-BSA, a model of secreted or released GA-AGEs
(Figure 5). This phenomenon may also be associated
with the receptor for AGEs (RAGE) and induced via
the GA-AGEs-RAGE system. Several reports have
already been published on the proliferation of Hep3B,
HepG2, IL90, and HuH7 cells, which are derived
from human liver cancer cell lines, treated with GA[26-28]
AGEs
. Although GA-AGEs-BSA did not promote
the proliferation of Hep3B and HepG2 cells, it may
promote the proliferation of IL90 and HuH7 cells.
RAGE was previously shown to be weakly expressed
[26]
in Hep3B and HepG2 cells ; therefore, the induction
of proliferation did not appear to be induced via the
GA-AGEs-RAGE system. On the other hand, high
expression levels of RAGE in IL90 cells have already
[27]
been demonstrated by WB . RAGE was found to be
weakly expressed in HuH7 and HepG2 cells; however,
RAGE expression levels on the membrane of HuH7
[28]
cells were approximately 4-fold those of HepG2 cells .
RAGE expression levels on HuH7 cell membranes may
be sufficient to promote cell proliferation through the
GA-AGEs-RAGE system.
RAGE has been detected in human pancreatic
[29,30]
cancer cell lines
. WB revealed high expression
levels of RAGE in PANC-1 and MIA-PaCa-2 cells, and
[30]
low levels in BxPC-3 cells . GA-AGEs-BSA may
promote the proliferation of PANC-1 as well as IL90
and HuH7 cells through the GA-AGEs-RAGE system.
In conclusion, intracellular and extracellular GAAGEs induced PANC-1 cell death and proliferation,
respectively. This suggests that, although intracellular
GA-AGEs induce pancreatic cancer cell death, their
secretion and release may induce the proliferation of
other pancreatic cancer cells.
In this investigation, we did not examine GAAGEs; however, we consider the monomer HSP90α,
monomer HSP90β, and HMW complexes of HSPs to be
GA-AGEs. However, two recent studies identified GAAGEs generated by Hsc70 and heterogeneous nuclear
ribonucleoprotein M in Hep3B cells treated with GA or
[16,31]
fructose
.
If the monomers and aggregates of HSPs are
identified as GA-AGEs in the future, this indicates that
GA-AGEs were first identified in human pancreatic
ductal carcinoma cells. Identifying intracellular GAAGEs will reveal the mechanism of cell death. In
addition, GA-AGEs secreted or released into the
conditioned medium of cultured PANC-1 cells, which
generate intracellular GA-AGEs, may demonstrate
that extracellular GA-AGEs promote cancer. If the
mechanism through which T2DM promotes PDAC
relies on GA-AGEs as key factors, the current research
[1,32]
on drug therapy for PDAC may change
.
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Background

Pancreatic cancer is a highly lethal disease and pancreatic ductal
adenocarcinoma (PDAC) accounts for approximately 90% of malignancies
in the pancreas. On the other hand, the incidence of diabetes mellitus (DM)
is increasing worldwide each year, and this condition may result in lifestylechanging complications. Type 2 DM (T2DM) has been shown to increase
the risk of pancreatic cancer by more than 50%. However, the mechanism
promoting PDAC in the pancreas of T2DM patients has not yet been elucidated.

Research frontiers

The authors focused on hyperglycemia and how it induces the production of
advanced glycation-end (AGEs). AGEs are formed by a Maillard reaction, a
nonenzymatic reaction that occurs between the ketones or aldehyde of sugars
and the amino group of proteins. The authors have previously identified AGEs
derived from glyceraldehyde (GA-AGEs); therefore, they designated GAAGEs as toxic AGEs (TAGE) because of their cytotoxicity and involvement
lifestyle-related diseases. In this study, the authors examined the production of
intracellular GA-AGEs in the human pancreatic cancer cell lines, PANC-1, and
the proliferation of PANC-1 cells treated with GA-AGEs-bovine serum albumin
(GA-AGEs-BSA).

Innovations and breakthroughs

This study reported the production of GA-AGEs in PANC-1 cells treated with
GA, which resulted in cell death. HSP90β, HSP70, and HSP27, which are
cell-death associated proteins, generated HMW complexes that could predict
GA-AGEs-mediated aggregation. Moreover, GA-AGEs-BSA, a model of
extracellular GA-AGEs, promoted proliferation of PACN-1 cells.

Applications

The experimental data can be used to analyze the relationship between T2DM
and PDAC via the production of GA-AGEs. Studying the production and effects
of intracellular and extracellular GA-AGEs in pancreatic cancer cells can be
used in further investigation to develop PDAC therapies.

Terminology

AGEs derived from GA, a glucose/fructose metabolism intermediate, also
known as GA-AGEs. They designated GA-AGEs as TAGE because of their
cytotoxicity and involvement in insulin resistance, hypertension, diabetic
complications, cardiovascular diseases, dementia, non-alcoholic steatohepatitis,
Alzheimer’s disease, and cancer.

Peer-review

The manuscript is well written, the study was conducted properly, and the
conclusion is supported by the data presented.
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Abstract
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AIM
To investigate the effects of hydrogen-rich water (HRW)
treatment on prevention of ethanol (EtOH)-induced
early fatty liver in mice.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by
the Institutional Animal Care and Use Committee, Chung-Shan
Medical University (IACUC protocol number: 1745).

METHODS

In vitro reduction of hydrogen peroxide by HRW was

determined with a chemiluminescence system. Female
mice were randomly divided into five groups: control,
EtOH, EtOH + silymarin, EtOH + HRW and EtOH +
silymarin + HRW. Each group was fed a Lieber-DeCarli
liquid diet containing EtOH or isocaloric maltose dextrin
(control diet). Silymarin was used as a positive control
to compare HRW efficacy against chronic EtOH-induced
hepatotoxicity. HRW was freshly prepared and given at
a dosage of 1.2 mL/mouse trice daily. Blood and liver
tissue were collected after chronic-binge liquid-diet

Conflict-of-interest statement: The authors declare that they
have no conflicts of interest.
Data sharing statement: No additional unpublished data are
available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
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a spectrum of liver injury, from hepatic steatosis to
hepatitis, fibrosis and cirrhosis, which can ultimately
[1-4]
lead to hepatocellular carcinoma
. Among heavy
drinkers, the incidence of hepatic steatosis is about
95%. Risk factors potentially associated with alcoholic
liver disease (ALD) include sex, obesity, dietary factors,
smoking and non-sex-linked genetic factors. Among
humans and rodents, females are more susceptible
to ALD, even if they consume less alcohol than males.
This may be attributable to lower gastric alcohol dehy
drogenase activity, lower distributed volume of alcohol
and estrogen, which has a substantial effect on
[5-7]
alcohol-induced hepatotoxicity .
ALD pathogenesis is mediated by increased
steatosis, inflammatory factors, oxidative stress
and immune responses. Ethanol (EtOH) impairs
antioxidant defenses and mitochondrial functions
and may trigger a burst of reactive oxygen species
(ROS), thus resulting in hepatotoxicity, steatosis,
[1,2]
inflammation and fibrosis
. ROS can also induce
hepatocellular responses strongly associated with
Kupffer cell activation, which increases inflammatory
response and leads to liver injury. Moreover, activated
Kupffer cells release ROS and cytokines that are crucial
in activating hepatic stellate cells (HSCs) and inducing the
[1,2]
pro-fibrogenic pathway .
Previous studies reported that oxidative stress
and sensitization to endotoxins contributing to EtOHinduced liver injury are associated with release of proinflammatory mediators, promotion of lipid peroxidation
[1,2,8]
and impaired hepatic antioxidant defense
.
Activation of pro-inflammatory cytokines, particularly
nitric oxide synthase, cyclooxygenase 2, transcription
factor nuclear factor-κB, tumor necrosis factoralpha (TNF-α) and interleukin (IL)-6 is crucial in ALD
progression, which leads to hepatocellular injury and
[1-3,6,9]
death
.
IL-22, a novel hepatoprotective factor, is a member
of the IL-10 family of cytokines and appears to be an
important effector molecule of activated T cells and
natural killer cells. The main biological roles of IL-22
are to promote innate immunity, improve regeneration
[10]
and protect against damage . Evidence from several
studies suggests that IL-22 - through antioxidant and
anti-apoptotic pathways - exerts protective effects
[11]
against hepatic injury induced by concanavalin A ,
[12]
[3]
carbon tetrachloride (CCl4)
and EtOH . Ghrelin, a
28-amino acid peptide produced in gastric mucosa,
acts in the hypothalamus to promote appetite and
inhibit sympathetic activity, thus increasing food
[13,14]
intake while lowering metabolic rate
. Recent
studies suggest that ghrelin has various biological
functions, including anti-oxidation, anti-inflammation, anti[13-16]
autoimmunity and promotion of vascular health
.
Because of its effective scavenging of ROS,
molecular hydrogen (H2) has potent systemic antio
[17,18]
xidant activity
. Approaches to administering H2
include inhalation, injection, oral administration and
immersion. Oral administration of H2-rich water (HRW)

feeding for 12 wk.
RESULTS
The in vitro study showed that HRW directly scavenged
hydrogen peroxide. The in vivo study showed that
HRW increased expression of acyl ghrelin, which
was correlated with food intake. HRW treatment
significantly reduced EtOH-induced increases in serum
alanine aminotransferase, aspartate aminotransferase,
triglycerol and total cholesterol levels, hepatic
lipid accumulation and inflammatory cytokines,
including tumor necrosis factor-alpha (TNF-α) and
interleukin (IL)-6. HRW attenuated malondialdehyde
level, restored glutathione depletion and increased
superoxide dismutase, glutathione peroxidase and
catalase activities in the liver. Moreover, HRW reduced
TNF-α and IL-6 levels but increased IL-10 and IL-22
levels.
CONCLUSION
HRW protects against chronic EtOH-induced liver
injury, possibly by inducing acyl ghrelin to suppress the
pro-inflammatory cytokines TNF-α and IL-6 and induce
IL-10 and IL-22, thus activating antioxidant enzymes
against oxidative stress.
Key words: hydrogen; chronic plus binge EtOH feeding;
antioxidant; protective cytokine; acyl ghrelin; female
mice
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: hydrogen-rich water (HRW), a safe and
effective antioxidant with minimal side effects, is used
in preventive and clinical applications. Few studies have
investigated the effects of hydrogen on early alcoholic
liver disease. The present study evaluated the potential
protective effects of HRW against chronic ethanol
(EtOH)-induced early liver injury and the underlying
mechanisms in female mice after chronic-plus-binge
EtOH feeding. HRW pretreatment protected against
mild EtOH-induced liver injury, possibly by inducing acyl
ghrelin to suppress tumor necrosis factor-alpha and
interleukin (IL)-6 and induce IL-10 and IL-22, thereby
activating antioxidant enzymes against oxidative stress.
These results suggest that HRW helps prevent and
treat EtOH-induced early liver injury.
Lin CP, Chuang WC, Lu FJ, Chen CY. Anti-oxidant and antiinflammatory effects of hydrogen-rich water alleviate ethanolinduced fatty liver in mice. World J Gastroenterol 2017;
23(27): 4920-4934 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i27/4920.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i27.4920

INTRODUCTION
Sustained excessive alcohol consumption results in
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was easier, safer and more economical as a means
to protect against oxidative stress-induced injury in
multiple animal models of human diseases. H2 was
successfully used in a number of in vivo studies of
hepatic injury, which examined conditions such as
ischemia reperfusion injury, obstructive jaundice, acute
[19-25]
hepatic failure and nonalcoholic steatohepatitis
.
Our previous research indicated that electrolyzed
reduced water and silica hydride, which contains H2,
ameliorated CCl4-induced hepatotoxicity in mice by
enhancing antioxidant enzyme activity and reducing
[26,27]
lipid oxidation
. Additionally, consumption of more
than 20 mL/kg per day of HRW had no observable
adverse effects, which suggests a 60-kg human could
[28]
safely drink at least 1.2 L/d of HRW . Thus, HRW
could be used in preventive and clinical applications
as a safe and effective antioxidant with minimal side
[17-21,23,28-31]
effects
. Recent clinical studies found that
HRW reduced oxidative stress in persons with chronic
[32]
[31]
hepatitis B
and metabolic syndrome .
The effects of H2 on chronic EtOH-induced liver
injury are not well understood. The Lieber-DeCarli
liquid diet has been extensively used as the typical
approach to establish a chronic-plus-binge EtOH
feeding model that mimics some of the molecular
and histological features of mild, early-stage human
[3,33,34]
ALD
. This model induces mild steatosis and
elevations in serum alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) in C57BL/6
mice. The elevations are much more severe than those
seen in mice on chronic EtOH or single EtOH gavage
alone diets. This study investigated the potential
protective effects of HRW against chronic EtOHinduced early-stage liver injury and the underlying
mechanisms of such effects in female mice after
chronic-plus-binge EtOH feeding.

meter (ENH-1000; Trustlex Co., Ltd, Tokyo, Japan) and
ORP portable meter (MP220; Mettler Toledo, Zurich,
Switzerland). Analysis of free radical scavenging
activity was performed by modifying previously
[35,36]
described methods
. In brief, a mixture of 0.1
mL of H2O2 solution (97 mmol/L in distilled water)
and 0.4 mL of sample was loaded in the stainless
steel container of a chemiluminescence analysis
system (CLA-2100; Tohoku Electronic Co., Ltd,
Sendai, Japan) for 60 s. Next, 0.1 mL of luminol
solution (3 mmol/L in phosphate-buffered saline,
pH 7.4) was immediately injected into the dark
chamber of the chemiluminescence analyzer. Then,
chemiluminescence intensity was continuously recorded
for 120 s. Scavenging activity (%) was defined as
[(Sum1 - Sum2)/Sum1] × 100%.

Animals

All procedures involving animals were reviewed by
the Institutional Animal Care and Use Committee of
Chung-Shan Medical University Experimental Animal
Center (IACUC approval no. 1745). Female C57BL/6
mice (age 5 wk) were purchased from BioLasco Taiwan
(Ilan, Taiwan) and acclimatized to the environment for
1 wk. All mice were handled under standard laboratory
conditions (temperature 22 ± 2 ℃ , humidity 55%
± 5% and 12-h light-dark cycle). Then, mice were
allowed ad libitum access to a controlled Lieber-DeCarli
diet for 1 wk, to acclimatize to the liquid diet before
the experiment. The liquid diets provided 1 kcal/mL
(prepared by Dyets, Inc., Bethlehem, PA, United States),
in accordance with the Lieber-DeCarli formulation.
This nutritional diet (containing 41.4 g/L casein, 0.5
g/L L-cystine, 0.3 g/L DL-methionine, 8.5 g/L corn oil,
28.4 g/L olive oil, 2.7 g/L safflower oil, 115.2 g/L maltose
dextrin, 10 g/L cellulose, 8.75 g/L mineral mix, 2.5 g/L
vitamin mix, 0.53 g/L choline bitartrate and 3 g/L xanthan
gum) allowed for the prolonged exposure of EtOH in a
rodent model and allowed for modification to calories
[2,3,5,33,34]
provided by EtOH
.
Mice in the present study were assigned to 5
groups (n = 8-10 each), as follows: (1) control group
- mice receiving a controlled liquid diet and gavaged
with distilled water; (2) EtOH group-mice receiving
5% EtOH (v/v) containing a liquid diet and gavaged
with distilled water; (3) EtOH + silymarin group-mice
receiving an EtOH diet and gavaged with silymarin
(200 mg/kg); (4) EtOH + HRW group-mice receiving
an EtOH diet and gavaged with HRW; and (5) EtOH +
silymarin (200 mg/kg) + HRW group-mice receiving
an EtOH diet and gavaged with silymarin and HRW.

MATERIALS AND METHODS
Production of H2-rich water

HRW was prepared by inducing a chemical reaction
between metallic magnesium and water [Mg + 2H2O/
[35]
Mg(OH)2 + H2] . The Daily Inner T505 Hydrogenerator
apparatus (Unitiva Applied Materials Corp., Taipei,
Taiwan) was used to generate HRW. Briefly, to produce
HRW, a metallic magnesium stick (T505, 175 g Mg
Chips) containing 99.99% pure metallic magnesium in
a polypropylene and ceramic container was placed in
distilled water with a flow rate set at 400 mL/min. The
resulting H2 content was 500-600 parts per billion (ppb).
HRW was freshly prepared and immediately diluted
to pre-specified concentrations for use in vitro and in
vivo.

Experimental design

Chronic and binge EtOH feeding was carried out by
[33,34]
modifying a previously described protocol
. Both liquid
diets were freshly prepared daily. HRW was orally
administered (500 ppb, 1.2 mL/mouse) thrice daily
for 13 continuous weeks. After 1-wk pretreatment
with HRW, all mice (except for the control group)

Characterization of H2-rich water

HRW was analyzed by multiple devices. To analyze
H2 content and oxidation-reduction potential (ORP),
HRW was freshly prepared in a capped vial and
immediately measured with a dissolved H2 portable
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underwent a 2-wk acclimation to their modified liquid
diets; specifically, the EtOH content in the diet was
graded from 7.2% to 36% of energy composition.
All mice, including the control diet group, were
regularly fed their assigned diets ad libitum for 10
wk. Subsequently, mice in the EtOH groups were
gavaged with a single dose of EtOH (5 g/kg) and mice
in the control group were gavaged with an isocaloric
amount of dextrin maltose in the early morning. Nine
hour after gavage, the mice were euthanized by CO2
administration and blood was collected by caudal
vena cava sampling. The whole liver was excised and
washed immediately with ice-cold saline, to remove
residual blood before weighing. The largest right lobe
of each liver was fixed in 10% buffered formalin for
histopathological assessment and the remaining tissues
were immediately frozen at -80 ℃ for subsequent
analysis.

was dissolved in phosphate-buffered saline containing
1% Triton X-100. TG and TC content were measured
with a commercial kit (Randox Laboratories Ltd).

Measurement of cytokine profiles in liver tissue and
serum

For measurement of cytokine profiles, 100 mg of liver
tissue was homogenized on ice with RIPA buffer (50
mmol/L Tris,150 mmol/L NaCl,1% Triton, 5 mmol/
L EDTA, 0.5% sodium deoxycholate, 0.1% SDS)
containing protease inhibitor. After centrifugation (12000
× g, 10 min, 4 ℃), TNF-α and IL-6 content in serum
supernatant was determined with ELISA kits (Enzo
Life Science Inc., Farmingdale, NY, United States),
according to the manufacturer’s protocols. Tissue
values were normalized to tissue wet weight. Serum
IL-10 and IL-22 levels were determined with ELISA
kits (Elabscience, Hubei, China), according to the
manufacturer’s protocols.

Measurements of acyl ghrelin concentrations

After collection of whole blood, 4-(2-aminoethyl)benzene
sulfonyl fluoride (AEBSF) was immediately added to
achieve a final concentration of 1 mg/ml for 30 min
at room temperature, after which the sample was
centrifuged (4 ℃, 2000 × g, 15 min). Next, serum was
acidified with HCl to a final concentration of 0.1 N and
samples were frozen at -80 ℃ for further analysis. The
acyl form of ghrelin was measured in serum by the
Active Ghrelin Enzyme-Linked Immunosorbent Assay
(ELISA) Kit (Millipore, MA, United States), according to
the manufacturer’s protocols.

Measurement of hepatic antioxidant enzymes and lipid
peroxidation

To evaluate hepatic injury, levels of ALT, AST, triacy
lglycerol (TG) and total cholesterol (TC) were measured
with commercial kits (Randox Laboratories Ltd, Antrim,
United Kingdom), according to the assay protocol.

Livers were homogenized on ice with Tris-HCl (5 mmol/L,
pH 7.4) containing 2 mmol/L EDTA. After centrifugation
(10000 × g, 10 min, 4 ℃ ), the supernatant was
immediately stored at -80 ℃ for additional antioxidant
assays. Superoxide dismutase (SOD) and glutathione
peroxidase (GSH-Px) activities were determined
by enzymatic assay kits (RANSOD and RANSEL,
respectively; Randox Laboratories Ltd), according to
the manufacturer’s protocols. Catalase (CAT) activity
[38]
was determined with the method proposed by Aebi .
The above antioxidant activities were normalized to
hepatic total protein. GSH content was determined
with a colorimetric assay kit (Bioxytech GSH-400;
OXIS International Inc., Portland, OR, United States),
according to the manufacturer’s protocol.

Hepatic histopathological assessment

Measurement of hepatic lipid peroxidation

Measurement of serum biochemistry parameters

Liver specimens were fixed in 10% neutral buffered
formalin and embedded in paraffin, using standard
microtechniques. Then, 4-μm-thick liver sections were
stained with hematoxylin and eosin and observed with
a microscope (IX71S8F-2; Olympus, Tokyo, Japan),
to estimate fatty liver progression in hepatocytes. The
semi-quantitative histological assessment of hepatic
damage was graded 0-4, as follows: none (0), slight
(1), mild (2), moderate (3) and severe (4).

Malondialdehyde (MDA) is a marker of lipid pero
xidation. MDA reaction with thiobarbituric acid was
[39]
determined by the method of Buege et al , with some
modifications. In brief, deproteinized homogenates from
liver were mixed thoroughly with 0.67% thiobarbituric
acid in a 50% acetic acid solution and then placed in
a boiling-water bath for 60 min. The supernatant was
collected and measured at excitation/emission wave
lengths of 515 nm and 555 nm in a microplate reader
(Molecular Devices Flexstation 3; Molecular Devices,
LLC, Sunnyvale, CA, United States).

Measurement of hepatic lipid accumulation

Extraction of hepatic lipids was performed by using
[37]
the method of Folch et al , with some modifications.
Then, 100 mg of liver tissue was homogenized in
chloroform/methanol (v/v: 1/2). Next, chloroform
and distilled water (v/v: 1/1) were loaded and mixed
thoroughly. After centrifugation (1500 × g, 10 min),
the organic layer was removed, placed in another glass
tube and dried under nitrogen gas. The dried powder

WJG|www.wjgnet.com

Statistical analysis

Measurement data are expressed as mean ± SD
and differences between groups were analyzed with
the unpaired t-test. Associations between variables
were assessed by the Spearman correlation test.
All statistical analyses were performed using SPSS
12.0 software (SPSS Inc. IBM, Chicago, IL, United
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Figure 1 Scavenging of hydrogen peroxide by hydrogen-rich water in vitro. A: The hydrogen content in HRW displayed a time-dependent decline and
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States). When appropriate, P < 0.05 was considered
statistically significant.

that HRW has hepatoprotective potential for in vivo
EtOH-induced oxidative stress.

Effects of H2-rich water on food intake, acyl ghrelin,
body weight and liver weight in chronic-binge ethanolfed C57BL/6J mice

RESULTS
H2-rich water directly scavenged H2O2 in vitro

To characterize H2 solubility in water, a specific
electrode was used to detect H2 concentrations in
freshly prepared HRW. Dissolved H2 concentration
decreased from the baseline (freshly prepared)
concentration to undetectable in 10 h (Figure 1A).
ORP is generally used as a measure of the antioxidant
activity of a water sample. The present results show
that HRW had a negative ORP and that ORP became
positive at the same time that H2 content became
undetectable in water (Figure 1B).
H2 markedly reduces ROS. Chemiluminescence
emission in vitro was used to verify that HRW
scavenged ROS in the present study. H2O2-generated
free radicals were significantly and dose-dependently
decreased by HRW treatment (125-500 ppb; app
roximately 7.5% to 30% saturation; Figure 1C). ROS
scavenging ability was converted to the integral of the
area under the curve. At concentrations of 125, 250
and 500 ppb, HRW treatment enhanced scavenging
ability by 19.8%, 38.7% and 52.7%, respectively,
as compared with the control group (Figure 1D). The
presence of ROS scavenging ability in vitro suggests

WJG|www.wjgnet.com

To investigate the hepatoprotective potential of HRW
in vivo, C57BL/6 mice were subjected to a chronicplus-binge EtOH feeding model. Silymarin (200 mg/kg)
was used as a positive control. The control and EtOH
groups significantly differed in daily food intake (P < 0.05;
Figure 2A). Silymarin, HRW and combination treatment
significantly reversed the hypophagic effect induced by
EtOH (P < 0.01), which indicates that HRW reversed
EtOH-induced anorexia. After 12 wk of EtOH exposure,
serum was collected for analysis of acyl ghrelin. The
control and EtOH groups significantly differed in acyl
ghrelin expression (P < 0.001; Figure 2B). Acyl ghrelin
expression was significantly higher in the HRW and
combination treatment groups than in the EtOH group
(P < 0.001).
During the course of the experiment, body weight
was lower in the EtOH group than in the control diet
group (Supplementary Figure 1). Silymarin, HRW and
combination treatment slightly restored body weight,
especially from week 4 until week 10. The values
for relative body weight gain among groups after
13 wk of feeding were 29%, 26.6% 28.5%, 25.4%
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Figure 2 Effect of hydrogen-rich water on food intake, acyl ghrelin, body weight and liver weight in chronic-binge ethanol-fed C57BL/6J mice. The levels
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Silymarin, HRW and combination treatment (P < 0.05)
attenuated this EtOH-induced liver enlargement.

Table 1 Effects of hydrogen-rich water on the serum
biochemical parameters and hepatic lipid contents in ethanolfed C57BL/6J mice

Effects of H2-rich water on liver function in chronicbinge ethanol-fed C57BL/6J mice

Group Control EtOH EtOH + Sily EtOH + HRW EtOH + Sily + HRW
ALT,
U/L
AST,
U/L
TG,
mg/dL
TC,
mg/dL

43.4
± 17.2
98.4
± 10.9
153.1
± 19.8
81
± 15.8

159 133.9 ± 15.3a,c 140.7 ± 15.5a,c
± 16.9a
291 247.7 ± 20a,c 259.3 ± 10.9a
± 43.7a
165 136.9 ± 16.8c 142.1 ± 14.7c
± 26.7
106.3 94.9 ± 4.5a,c
95.4 ± 6.5a,c
± 7.4a

120.5 ± 19.7a,c

ALT and AST activities are biomarkers of liver damage.
As shown in Table 1, both significantly differed
between controls and the EtOH group (P < 0.001),
which indicates that EtOH administration caused
hepatocellular injury. As compared with the EtOH
group, ALT and AST levels were 15.8% and 14.8%
lower, respectively, in the silymarin-treated group
(P < 0.01 and P < 0.05) and 11.5% and 10.9% lower,
respectively, in the HRW-treated group (P < 0.05 and
P > 0.05). Combination treatment reduced ALT and
AST by 24.2% and 26.7%, respectively (P < 0.001 for
both). In addition, serum TG and TC levels were higher
in the EtOH group than in the control diet group (P >
0.05 and P < 0.001, respectively). As compared with
the EtOH group, TG and TC levels were 17% and
10.7% lower, respectively, after silymarin treatment
(P < 0.05 and P < 0.01) and 13.9% and 10.3% lower,
respectively, after HRW treatment (P < 0.05 and P < 0.01).
Combination treatment yielded the greatest decreases;
as compared with the EtOH group, TG and TC levels

a,c,e

  181.6 ± 22.3

122.2 ± 16.4a,c
87.1 ± 8.3c,e

Values are expressed as mean ± SD. aP < 0.05 vs control group, cP < 0.05
vs EtOH group, and eP < 0.05 vs silymarin group. Sily: Silymarin; ALT:
Alanine aminotransferase; AST: Aspartate aminotransferase; EtOH:
Ethanol; HRW: Hydrogen-rich water; Sily: Silymarin; TC: Total cholesterol;
TG: Triacylglycerol.

and 26.8%, compared to the baseline, respectively
(Figure 2C). Body weight gain did not significantly differ
among the groups. After the mice were sacrificed,
liver tissues were excised and weighed. Liver weight
significantly differed between the control and EtOH
groups (P < 0.001), which suggests that EtOH admini
stration resulted in liver enlargement (Figure 2D).
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A

B

C

D

Figure 3 Histopathological alterations of livers treated with chronic-binge ethanol-fed C57BL/6J mice. Livers showed fatty change with micro- mixed macrovesicles and were graded as mild in the EtOH (A), slight in the EtOH + silymarin (B), mild in the EtOH + HRW (C) and EtOH + silymarin + HRW (D) groups. H and E
stain, 400 ×. Black arrow indicates the micro-vesicles and green arrow indicates the macro-vesicles. EtOH: Ethanol; HRW: Hydrogen-rich water.

mixed steatosis (Figure 3A). As compared with the
EtOH group, hepatic TG and TC levels were 24.5%
and 16.9% lower, respectively, in the silymarin-treated
group (P < 0.001 for both; Table 2).
Histopathological assessment yielded similar
results. Silymarin treatment significantly attenuated
EtOH-induced fatty change and macrovesicular
steatosis (Figure 3B). HRW treatment resulted in
significant reductions in hepatic TG and TC (10.9%
and 8.9%; P < 0.01 and P < 0.05, respectively; Table
2), although there was no significant improvement
in histopathological characteristics as compared with
the EtOH group. Combination treatment resulted in
6% and 11.8% reductions (P < 0.05 and P < 0.01,
respectively; Table 2).
We investigated the inflammatory profile of EtOHinduced liver injury. TNF-α and IL-6 levels were
significantly higher for the EtOH group than for the
control diet group (P < 0.001 for both; Table 2). As
compared with the EtOH group, TNF-α and IL-6 levels
were significantly lower in the silymarin-treated group
(12% and 34.2% lower, respectively; P < 0.01 and
P < 0.001). After HRW treatment, TNF-α and IL-6
levels were 6.4% and 10% lower than those of the
EtOH group (P < 0.05 and P > 0.05, respectively).
Combination treatment yielded the best results, with
reductions of 17.3% and 41.1%, respectively (P
< 0.001 for both). These results suggest that HRW
inhibits EtOH-induced lipid accumulation and hepatic
inflammation in the liver.

Table 2 Effects of hydrogen-rich water on the hepatic lipid
and cytokine contents in ethanol- fed C57BL/6J mice
Group
Hepatic TG,
mg/g tissue
Hepatic TC,
mg/g tissue
Hepatic
TNF-α,
pg/mg tissue
Hepatic IL-6,
pg/mg tissue

Control

EtOH

EtOH
+ Sily

EtOH
+ HRW

EtOH + Sily
+ HRW

82.4
± 9.9
18.1
± 2.4
29.0
± 3.0

120.7
± 6.8a
41.4
± 3.1a
45.1
± 3.4a

91.1
± 8.8c
34.4
± 2.8a,c
39.7
± 2.5a,c

107.5
± 6.6a,c,e
38.0
± 2.6a,c,e
42.0
± 2.4a,c

113.5
± 7.3a,c,e
36.5
± 2.1a,c
37.3
± 3.8a,c

10.7
± 1.2

19.0
± 1.2a

12.5
± 2.3a,c

17.1
± 2.5a,e

11.2
± 2.7c

Values are expressed as mean ± SD. aP < 0.05 vs control group, cP < 0.05
vs EtOH group, and eP < 0.05 vs silymarin group. EtOH: Ethanol; HRW:
Hydrogen-rich water; IL-6: Interleukin 6; Sily: Silymarin; TC: Total
cholesterol; TG: triacylglycerol; TNF-α: Tumor necrosis factor-alpha.

were 25.9% and 18.1% lower, respectively (P < 0.001
for both).

Effects of H2-rich water on hepatic lipid and inflammatory
cytokines in chronic-binge ethanol-fed C57BL/6J mice

In normal liver, hepatic cells have well-preserved
cytoplasm, a prominent nucleolus and portal vein.
Hepatic steatosis is the most common EtOH-induced
disorder and is characterized by accumulation of
abnormal lipid droplets in hepatic cells. After 12 wk
of EtOH exposure, hepatic TG and TC levels both
significantly differed between the present control
and EtOH groups (P < 0.001 for both; Table 2).
These findings were consistent with the results of a
histopathological examination of liver sections from the
EtOH group, which revealed mild, diffuse and multifocal
fatty change with microvesicular, macrovesicular and

WJG|www.wjgnet.com

Anti-inflammatory effect of H2-rich water on cytokine in
chronic-binge ethanol-fed C57BL/6J mice

EtOH feeding significantly increased production of
serum pro-inflammatory cytokines, including TNF-α
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Figure 4 Anti-inflammatory effect of hydrogen-rich water on cytokines in chronic-binge ethanol-fed C57BL/6J mice. A and B: The levels of (A) TNF-α and (B)
IL-6 in serum were measured as pro-inflammatory markers; C and D: In relative terms, (C) IL-10 and (D) IL-22 in serum were measured as anti-inflammatory markers.
The values representare the mean ± SD from 8-10 mice for each group and at least three independent measurements. aP < 0.05 vs control group, cP < 0.05 vs EtOH
group, and eP < 0.05 vs silymarin group. EtOH: Ethanol; HRW: Hydrogen-rich water; IL: Interleukin; Sily: Silymarin; TNF-α: Tumor necrosis factor-alpha.

and IL-6, as compared with the control diet group
(Figure 3). TNF-α level was significantly reduced by
silymarin, HRW and combination treatment (P < 0.001,
P < 0.05 and P < 0.001, respectively; Figure 4A).
In addition, IL-6 level was significantly reduced by
silymarin, HRW and combination treatment (P < 0.001;
Figure 4B). Moreover, levels of anti-inflammatory
cytokines, including IL-10 and IL-22, were significantly
lower in the EtOH group than in the control diet group.
IL-10 level was significantly increased by silymarin,
HRW and combination treatment (P < 0.001; Figure
4C). IL-22 level was also increased by silymarin, HRW
and combination treatment (P > 0.05, P < 0.01 and P <
0.001, respectively; Figure 4D). In sum, these results
suggest that HRW inhibits pro-inflammatory mediators
and induces anti-inflammatory mediators in EtOHinduced liver injury.

anti-ROS activity. The activities of hepatic antioxidant
enzymes, including SOD, CAT, GSH-Px and GSH,
in the EtOH group were significantly lower than in
the control diet group (Figure 5). In addition, these
activities were significantly promoted by silymarin and
HRW. Moreover, significantly higher levels of hepatic
antioxidant enzymes were observed in mice that
received combined treatment with silymarin and HRW.
MDA concentration was used as a marker of
oxidative stress. MDA level in hepatic tissue was
significantly higher in the EtOH group than in the
control diet group (P < 0.001). In addition, MDA was
significantly lower in the silymarin group (P < 0.01) and
HRW group (P < 0.05) than in the EtOH group. The
strongest beneficial effect was seen in the combined
treatment group. These findings suggest that HRW
promotes antioxidant capacity and reduces lipid
peroxidation, thus improving antioxidant defense.

Hepatic antioxidant effects of H2-rich water on activities
of related antioxidant enzymes and lipid oxidation in
chronic-binge ethanol-fed C57BL/6J mice

Relationship of acyl ghrelin with inflammatory and
oxidative markers

Spearman correlation analysis was used to evaluate
associations of HRW-induced alterations in acyl ghrelin
with anti-inflammatory and antioxidant markers. Acyl

EtOH-induced free radical oxidative stress is a hallmark
of liver disease. Thus, we tested the hypothesis that
HRW decreases oxidative neuronal stress by means of

WJG|www.wjgnet.com
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Figure 5 Antioxidative effect of hydrogen-rich water on activities of related antioxidant enzymes and lipid oxidation product in chronic-binge ethanolfed C57BL/6J mice. A-D: Hepatic activities of antioxidant enzyme levels (A-C) and (D) GSH content were measured; E: Hepatic levels of MDA were shown as
markers of oxidative stress. The values are the mean ± SD from 8-10 mice for each group and at least three independent measurements. aP < 0.05 vs control group,
c
P < 0.05 vs EtOH group, and eP < 0.05 vs silymarin group. EtOH: Ethanol; GSH: Glutathione; GSH-Px: Glutathione peroxidase; HRW: Hydrogen-rich water; MDA:
Malondialdehyde; Sily: Silymarin; SOD: Superoxide dismutase.

ghrelin concentration was inversely correlated with the
following pro-inflammatory and oxidative markers:
serum TNF-α (ρ = -0.455, P > 0.05), serum IL-6
(ρ = -0.636, P < 0.01) and hepatic MDA (ρ = -0.542,
P < 0.05). In contrast, acyl ghrelin was positively
correlated with serum IL-10 (ρ = 0.811, P < 0.001;
Figure 6A), serum IL-22 (ρ = 0.797, P < 0.001;
Figure 6B), hepatic SOD (ρ = 0.539, P < 0.05), hepatic
CAT (ρ = 0.814, P < 0.001; Figure 6C), hepatic GSH-Px (ρ

WJG|www.wjgnet.com

= 0.679, P < 0.01; Figure 6D), hepatic MDA (ρ = 0.542,
P < 0.05) and hepatic GSH (ρ = 0.478, P > 0.05).
HRW-induced changes in IL-10 and IL-22 resulted in
inverse correlations with TNF-α (ρ = -0.304, P > 0.05
and ρ = -0.508, P < 0.05, respectively) and serum
IL-6 (ρ = -0.623, P < 0.01 and ρ = -0.703, P < 0.01)
and positive correlations with hepatic SOD (ρ = 0.385,
P > 0.05 and ρ = 0.630, P < 0.01, respectively),
hepatic CAT (ρ = 0.659, P < 0.01 and ρ = 0.723, P <
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0.01, respectively) and hepatic GSH-Px (ρ = 0.711, P
< 0.01 and ρ = 0.809, P < 0.001, respectively). These
findings indicate that HRW-induced alterations in acyl
ghrelin and the hepatoprotective cytokines IL-10 and
IL-22 were associated with inflammatory and oxidative
responses.

attenuated increases in serum ALT, AST, TG and TC
and hepatic lipid accumulation, which were induced by
EtOH feeding. Ghrelin expression was higher after HRW
treatment and was correlated with restoration of food
intake and inflammatory cytokines, including TNF-α
and IL-6, which were induced by EtOH feeding. HRW
also attenuated MDA level, restored GSH depletion
and increased SOD, GSH-Px and CAT activities in liver.
Moreover, HRW reduced TNF-α and IL-6 levels and
increased IL-10 and IL-22 levels. These results support
the hypothesis that HRW has important antioxidant
and anti-inflammatory effects in alcohol-related
disease in mice. Previous studies reported that HRW
treatment for 6 wk or 10 wk significantly attenuated
oxidative stress and had the potential to improve liver
[32]
function in patients with chronic hepatitis B
and
[31]
metabolic syndrome , respectively. Therefore, HRW
might be effective for prevention and clinical treatment
of ALD such as steatosis, steatohepatitis and cirrhosis.
In the present study, a Lieber-DeCarli EtOH
liquid diet was used to induce early ALD in female
mice. This model closely reproduces the drinking
behaviors of humans and the pathogenetic features
[3,5,33,34]
of ALD
. The present mice fed an EtOH diet for
12 wk exhibited mild hepatic damage, as indicated
by significant elevations in serum ALT and AST,
hepatic TG and TC, which agreed with the findings

DISCUSSION
ALD not only causes lipopolysaccharide, which activates
HSCs, but also affects synthesis and absorption of
protein and vitamins, which leads to malnutrition, a
secondary factor in hepatocyte damage. The mutual
effects of these events eventually result in hepatic fat
[1,2,8]
infiltration, inflammation, necrosis and cirrhosis
. If
these conditions are not treated, the inevitable fibrosis
and cirrhosis of the liver can result in numerous
complications and death. Hence, there is a need
for safe and effective agents that prevent or treat
ALD. Future research should therefore investigate
suppression and blockage of any of the steps that
culminate in hepatic injury.
This study investigated whether HRW, alone or
combined with silymarin, was beneficial for early-stage
EtOH-induced liver injury in female mice. We found
that HRW directly scavenged H2O2 in vitro. Our in vivo
study showed that HRW pretreatment significantly
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[3,33]

hepatic and systemic production of inflammatory
mediators induced by EtOH feeding. Thus, HRW had a
protective effect against early ALD.
The anti-inflammatory cytokine IL-10 protects
against hepatic damage caused by viruses, alcohol
[46]
and dietary autoimmunity . IL-10 inhibited activation
[47]
of HSCs and had antifibrogenic effects in rodents .
IL-22 is a survival factor for hepatocytes and prevents
and repairs liver injury by enhancing pro-growth
pathways via STAT3 activation. A previous study
revealed that treatment with IL-22 protein contributed
to liver regeneration in mice with concanavalin
A-induced hepatitis after hepatectomy, which suggests
that IL-22 acts as a protective cytokine that attenuates
[11]
liver injury . In the present study, levels of both
anti-inflammatory cytokines were higher after HRW
pretreatment than in the EtOH feeding group, which
suggests that HRW pretreatment protects against
chronic EtOH-induced liver injury and sarcopenia by
suppressing the pro-inflammatory cytokines TNF-α
and IL-6 and inducing the anti-inflammatory cytokines
IL-10 and IL-22.
Oxidative stress is induced by overproduction of
ROS, including superoxide anion, hydroxyl radical and
H2O2 and has a key role in ALD pathogenesis. EtOH
consumption leads to excessive ROS, which results
in lipid peroxidation and membrane damage, as well
as depletion of mitochondrial reduced GSH and its
[1,2]
final precursor in liver . Antioxidant enzymes such
as SOD, CAT and GSH-Px protect against oxidative
damage: SOD converts superoxide anion into H2O2 and
GSH-Px and CAT metabolize H2O2 to H2O. The balance
between ROS and antioxidant enzymes is an important
mechanism in preventing EtOH-induced oxidative
damage. Therefore, antioxidant therapy is a potential
strategy to improve outcomes in ALD.
In the present study, we found that EtOH decreased
activities of hepatic SOD, CAT, GSH-Px and GSH and
increased hepatic lipid oxidation, which is consistent
with the findings of previous studies that used the
[3]
chronic-plus-binge model . These changes may be
attributable to oxidative inactivation of enzymes by
ROS accumulation. Our results suggest that HRW
pretreatment abolished ROS induced by EtOH, resulting
in enhanced antioxidant effects. This hypothesis is
supported by the present in vitro studies (Figure 1C
and D) and evidence from previous studies, which
[17,35]
indicates that H2 directly reduces ROS
. Similar
antioxidant phenomena were observed in many
oxidative stress-related diseases, especially CCl4 ,
endotoxin-, acetaminophen- and ischemia/reperfusion[21-27,32,40]
induced hepatic injuries in rodents
. A number
of studies reported that H2 reduces oxidative stress
not only directly but also indirectly, by regulating
anti-oxidative signal transduction, including nuclear
factor erythroid 2-related factor 2 (Nrf-2) and sirtuin
[14,18,20,35]
1 (Sirt1)
. Antioxidants regulated by Nrf-2 via
an antioxidant response element-driven mechanism
include SOD, GSH-Px, CAT, heme oxygenase-1 (HO-1),

of previous studies
. These effects were abolished
by HRW pretreatment, particularly in combination
with silymarin treatment. HRW prevented progression
[19,40]
of nonalcoholic steatohepatitis
and metabolic
syndrome in previous studies which suggests that
anti-fatty liver benefits are regulated by fatty acid
and steroid metabolism through the peroxisome
proliferator-activated receptor α (PPARα ) signaling
[30]
pathway . Our results also indicate that prevention of
ALD by HRW is partially mediated by lipid metabolism.
Acyl ghrelin acts within the hypothalamus to
promote appetite and inhibit sympathetic activity,
which increases food intake while lowering metabolic
[13,14]
rate
. Our findings indicate that, as compared with
a control liquid diet, an EtOH-containing liquid diet
significantly decreases dietary intake and acyl ghrelin
level, which suggests that EtOH affects appetite.
This finding is consistent with the loss of appetite
seen in long-term heavy drinkers. Silymarin, HRW
and combination treatment significantly reversed
the hypophagic effect of EtOH, indicating that HRW
reversal of EtOH-induced anorexia may be mediated by
restoration of acyl ghrelin levels. EtOH administration
also altered liver weight but not body weight. This
suggests that EtOH impairs body composition by
[41]
means of liver enlargement and sarcopenia , which
can be improved by HRW pretreatment. HRW might
therefore reverse EtOH-induced effects on acyl ghrelin,
which stimulate energy expenditure, thus resulting
in loss of muscle mass and hypophagia. A previous
study reported that ghrelin has a hepatoprotective role
[9]
in nonalcoholic fatty liver . In addition, after HRW
treatment, acyl ghrelin had a neuroprotective effect in
[42]
Parkinson’s disease .
Acyl ghrelin and des-acyl ghrelin are both active
signaling molecules; however, a limitation of the
present study is that we did not measure des-acyl
ghrelin. Measurement of the total ghrelin is not a
[13,43]
surrogate for analysis of acyl ghrelin
. A recent
study found that des-acyl ghrelin specifically binds
to and acts on a subset of arcuate nucleus cells in a
ghrelin receptor-independent manner and antagonizes
the orexigenic effects of peripherally administered
[44]
acyl ghrelin . Furthermore, in a lethal rat model of
burn trauma, survival was significantly better after
resuscitation with saline containing des-acyl ghrelin
[45]
than after resuscitation with saline alone .
ALD pathogenetic mechanisms are involved in
increased steatosis, oxidative stress, inflammatory
factors and immune response. EtOH-induced liver
steatosis due to ROS accumulation and bacterial
endotoxin leakage from damaged intestine triggers
[1-3,5,8,33]
an inflammatory response
. TNF-α and IL-6
are widely considered to be the most important proinflammatory cytokines in ALD. In addition, proinflammatory cytokines and adipokines inhibit musclemass formation and promote fat-mass accumulation, a
[41]
state that is associated with sarcopenia and obesity .
In the present study, HRW pretreatment reduced
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[49]

of ROS . IL-22 prevents oxidative and endoplasmic
reticulum stress in mouse and human cells, where
stress is induced by lipids, inflammatory cytokines or
environmental ROS via STAT1- and STAT3-mediated
up-regulation of antioxidant genes and suppression of
[50]
oxidative stress-inducing genes .
H2 inhibits secretion of pro-inflammatory cytokines
such as TNF-α, IL-1β and IL-6, reduces the severity of
intestinal inflammation and improves repair of intestinal
[51,52]
cells
. EtOH-induced gastrointestinal dysfunction is
caused by abnormalities in Kupffer cells - which result
in reduced ability to detoxify endotoxins, disruption of
intestinal barrier function and increased permeability to
endotoxins and bacteria - and bacterial overgrowth in the
[8]
gut, which leads to excessive generation of endotoxins .
Unfortunately, the limited sensitivity of the ELISA kit
prevented us from analyzing endotoxins in the present
study. However, previous studies reported that H2
alleviated endotoxin-induced liver injury in rodents
[20,22,23]
by reducing inflammation and cell apoptosis
.
Taken together, the evidence indicates that HRW
administration helps maintain permeability, mucosal
structure and barrier function in intestine and improves
the gastrointestinal microenvironment for bacteria that
protect against EtOH-induced liver injury.
The response to EtOH ingestion in the present study
appeared to depend on underlying hypertriglyceridemia
and hypercholesterolemia and increased accumulation
of hepatic TG and TC. AMPK has been implicated
as a major regulator of energy metabolism at the
cellular and systemic level, which suggests that it has
a role in physiological regulation of lipid and glucose
metabolism. Existing evidence indicates that EtOH
consumption impairs AMPK-mediated regulation of
fatty acid metabolism and results in facilitation of TG
[4]
and TC accumulation in rodents . By inhibiting AMPK
and activating the p38-MAPK pathway, acyl ghrelin
[15]
inhibits ROS-induced autophagy and cell death .
Our previous study revealed that the neuroprotective
mechanisms of HRW were mediated via up-regulation
of FoxO3a, which stimulated AMPK in a Sirt1-dependent
[35]
manner . Past and present evidence suggests that
HRW inhibits hepatic lipid accumulation through
induction of acyl ghrelin, which activates AMPK sig
naling after suppressing lipogenesis, inhibiting proinflammatory mediators and inducing hepatoprotective
cytokines to activate anti-oxidative enzymes. In
addition, HRW improved EtOH-induced anorexia via
acyl ghrelin secretion (Figure 7).
Most importantly, use of HRW in combination with
silymarin in the present study resulted in stronger
hepatoprotective effects in EtOH-fed mice. These
findings are consistent with those of our previous
studies in which electronically produced H2 co-admini
stered with GSH increased the apoptosis-inducing effect
[36]
in leukemia cells . This finding suggests that HRW
combination therapy has a beneficial effect. Alcoholic
patients often develop protein calorie malnutrition,
which can promote bacterial infection. Nutritional

EtOH

HRW

Anti-inflammatory
mediators
IL-10, IL-22
Antioxidant enzymes
SOD, CAT, GSH-Px

Acyl ghrelin
P

ROS

AMPK
Pro-inflammatory
mediators
TNF-α, IL-6

Sirt1
PPAR
Oxidative stress
Anorexia

Inflammation

Lipid accumulation

ALD

Figure 7 Schematic hypothesis of the mechanisms involved in the
protective effects against ethanol-induced fatty liver of hydrogen-rich
water. ALD: Alcoholic liver disease; AMPK: AMP-activated protein kinase; CAT:
Catalase; EtOH: Ethanol; GSH-Px: Glutathione peroxidase; HRW: Hydrogenrich water; IL: Interleukin; PPAR: Peroxisome proliferator-activated receptor;
ROS: Reactive oxygen species; Sirt 1: Sirtuin 1; SOD: Superoxide dismutase;
TNF-α: Tumor necrosis factor-alpha.
[48]

peroxiredoxins, etc . Interestingly, our results indicate
that the antioxidant effects of HRW are similar and/or
stronger than those of silymarin, indicating that HRW
pretreatment protects against EtOH-induced oxidative
stress in EtOH-fed mice.
Acyl ghrelin has anti-inflammatory effects and may
help mediate autoimmunity. Notably, acyl ghrelin acts
on monocytes and T lymphocytes to suppress their
production of TNF-α, IL-1β and IL-6 pro-inflammatory
cytokines, which can induce anorexia during both
[13,14,43]
infection and cancer progression
. Ghrelin
administration had protective effects against high-fat
diet-induced liver injury, oxidative stress, inflammation
and apoptosis in rats, in part through the action of the
[9]
LKB1/AMPK and PI3K/Akt pathways . In the present
study, HRW-induced alterations in acyl ghrelin were
strongly associated with inflammatory and oxidative
responses. This suggests that the hepatoprotective
effect of HRW in ALD is mediated by acyl ghrelin
production, which results in anti-inflammatory and
antioxidant effects. However, future studies should
investigate if acyl ghrelin directly regulates expression
of IL-10 and IL-22.
HRW-induced alterations in IL-10 and IL-22 were
strongly associated with inflammatory mediators and
anti-oxidative enzymes. A previous study found that
IL-10 was an anti-inflammatory cytokine that inhibits
both secretion of pro-inflammatory cytokines by
monocytes and/or macrophages and release of free
oxygen radicals. Recombinant IL-10 blocks release
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established. They analyzed many biomarkers in the serum as well as in the
liver tissue, so as to support their basic hypothesis that HRW can prevent
progression of steatosis, liver damage and fibrosis. their research will provide
useful guidance for the treatment of alcoholic fatty liver disease in humans.

support is recommended for patients with ALD and
was found to improve liver function in histological
analyses and to increase survival in short-term
[2]
follow-up studies . HRW administration might help
improve appetite and treat malnutrition and can thus
be regarded as an alternative nutritional strategy for
treatment of patients with ALD.
In conclusion, this study is the first to show that, in
female mice, HRW protects against early-stage chronic
EtOH-induced liver injury, possibly by inducing acyl
ghrelin to suppress the pro-inflammatory cytokines
TNF-α and IL-6 and activate IL-10 and IL-22, which
enhance antioxidant enzymes against oxidative stress.
These findings indicate that long-term consumption of
HRW is a potential strategy for prevention and clinical
complementary treatment of ALD.
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Abstract
AIM
To establish an inducible liver injury mouse model
and transplant human hepatocytes to obtain liverhumanized mice.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by the
Institutional Animal Care and Use Committee of Shanghai Public
Health Clinical Center Affiliated to Fudan University.

METHODS
We crossed three mouse strains, including albumin
(Alb)-cre transgenic mice, inducible diphtheria
toxin receptor (DTR) transgenic mice and severe
combined immune deficient (SCID)-beige mice, to
create Alb-cre/DTR/SCID-beige (ADSB) mice, which
coincidentally harbor Alb-cre and DTR transgenes and
are immunodeficient. As the Cre expression is driven by
the liver-specific promoter Alb (encoding ALB), the DTR
stop signal flanked by two loxP sites can be deleted in
the ADSB mice, resulting in DTR expression in the liver.
ADSB mice aged 8-10 wk were injected intraperitoneally
(i.p.) with diphtheria toxin (DT) and liver damage was
assessed by serum alanine aminotransferase (ALT)
level. Two days later, mouse livers were sampled
for histological analysis, and human hepatocytes
were transplanted into the livers on the same day. A
human ALB enzyme-linked immunosorbent assay was
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are representative hepatotropic viruses. HBV is the
prototype of the hepadnaviridae family of hepatotropic,
[1]
partially double-stranded DNA viruses , while HCV
[2]
is a single-stranded RNA virus . Although different
at the molecular level, they share many similarities
as pathogens, and both infections can be acute or
[3]
chronic . Persistent HBV and HCV infections can lead
[4,5]
to cirrhosis and/or hepatocellular carcinoma . Despite
the availability of vaccines and drugs, a huge number
of patients suffer from the liver diseases related to
these viral infections.
Animal models play a critical role in immunological
or therapeutic drug development. The narrow spectrum
of species that accommodate HBV and HCV infections
restricts preclinical studies. Although chimpanzees have
played an important role in studying HBV and HCV
infections, there are few studies on chimpanzees due to
[6-8]
high costs, ethics and their limited availability . Other
[9]
[10]
hepadnaviruses that infect woodchucks , ducks and
[11]
ground squirrels
harbor limitations due to genetic
heterogeneity.
Fundamental questions regarding hepatotropic
pathogen biology in vivo need to be addressed.
However, this requires a suitable small animal model
to guide the challenging and expensive studies. The
transgenic 1.2 or 1.3 copy of the HBV genome in
mice shows immunological tolerance to HBV antigens.
Adenovirus-associated virus-based transduction or
hydrodynamic transfection of mouse liver by the 1.2
or 1.3 copy of the HBV genome has also been used
to study HBV immunobiology, but does not support
viral replication for re-infection in the cycle. Human
liver chimeric mouse models are useful in human liver
disease research.
In this study, severe combined immune deficient
(SCID)-beige mice were crossed with transgenic
[12]
albumin (Alb)-cre mice which expressed cre enzyme
under the control of a liver cell-specific Alb promoter,
[13,14]
and diphtheria toxin receptor (DTR)
transgenic
mice, in which the DTR transgene is located in the
ubiquitous gt(ROSA26)Sor(R26) locus after a loxpflanked transcriptional stop sequence.
The resulting Alb-cre/DTR/SCID-beige (ADSB)
mice specifically expressed DTR in the liver. Following
administration of diphtheria toxin (DT), these mice
developed liver injury. We further generated humanized
liver in ADSB mice by the transplantation of human
hepatocytes. The human hepatocytes were repopulated
in the mouse liver, which were functional and secreted
human albumin. Human Kupffer cells were also found
to chimerize in the mouse liver.
Thus, we developed a novel animal model to investi
[15-17]
gate hepatocyte proliferation
and hepatotropic
viruses.

performed 7, 14, 21 and 28 d after transplantation.
Human CD68 immunohistochemistry was performed 30
and 90 d after transplantation.
RESULTS
We crossed Alb-cre with DTR and SCID-beige mice
to obtain ADSB mice. These mice were found to
have liver damage 4 d after i.p. injection of 2.5 ng/g
bodyweight DT. Bodyweight began to decrease on day
2, increased on day 7, and was lowest on day 4 (range,
10.5%-13.4%). Serum ALT activity began to increase
on day 2 and reached a peak value of 289.7 ± 16.2
IU/mL on day 4, then returned to background values
on day 7. After transplantation of human liver cells,
peripheral blood human ALB level was 1580 ± 454.8
ng/mL (range, 750.2-3064.9 ng/mL) after 28 d and
Kupffer cells were present in the liver at 30 d in ADSB
mice.
CONCLUSION
Human hepatocytes were successfully repopulated in
the livers of ADSB mice. The inducible mouse model
of humanized liver in ADSB mice may have functional
applications, such as hepatocyte transplantation,
hepatic regeneration and drug metabolism.
Key words: Liver disease; Liver injury; Diphtheria toxin;
Liver chimeric mouse model
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We established a novel liver chimeric mouse
model following liver damage caused by intraperitoneal
injection of diphtheria toxin (DT), and transplanted
human hepatocytes to obtain liver-humanized mice.
After 28 d, human albumin was detected in these mice.
Human hepatocytes were successfully repopulated
in the livers of triple-crossed albumin-cre transgenic
mice, inducible DT receptor transgenic mice and
severe combined immune deficient-beige mice [i.e. ,
Alb-cre/DTR/SCID-beige (ADSB) mice]. Our inducible
mouse model of humanized liver in ADSB mice may
have functional applications, such as studies on hepato
cyte transplantation, hepatic regeneration and drug
metabolism.
Ren XN, Ren RR, Yang H, Qin BY, Peng XH, Chen LX, Li
S, Yuan MJ, Wang C, Zhou XH. Human liver chimeric mouse
model based on diphtheria toxin-induced liver injury. World J
Gastroenterol 2017; 23(27): 4935-4941 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i27/4935.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i27.4935

INTRODUCTION

MATERIALS AND METHODS

Liver diseases are a serious global health issue,
particularly viral hepatitis infection and related diseases.
The hepatitis B virus (HBV) and hepatitis C virus (HCV)
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mice (a gift from Dr. Qiang Deng, Institute Pasteur of
Shanghai, Chinese of Academy Sciences, Shanghai,
China) with DTR mice (a gift from Dr. Yue-Lei Shen,
Beijing Biocytogen Co., Ltd, Beijing, China) to obtain
Alb-cre/DTR mice. Transgenic mice were selected
from the offspring by genomic PCR of tail DNA, and
then Alb-cre/DTR transgenic mice were crossed with
SCID-beige mice (purchased from the Shanghai SLAC
Laboratory Animal Co., Ltd, Shanghai, China), and
ADSB mice were selected by genomic PCR of tail DNA.

Sections were then prepared and incubated with
primary human CD68 antibody (1:200 dilution;
Servicebio, Shanghai, China) and were used to detect
specific Kupffer cells in the chimeric mice, and then
incubated with horseradish peroxidase-goat anti-rabbit
secondary antibody (1:200; Servicebio).

Statistical analysis

Statistical analyses were performed using Prism 5.0
software (GraphPad Software, San Diego, CA, United
States). A P value of < 0.05 was considered significant.

Transaminase activity in the blood

DT (Sigma-Aldrich, St. Louis, MO, United States) was
intraperitoneally administered (2.5 ng/g) to 8-10-wkold ADSB mice, and blood was collected from these
mice at different time points after DT administration.
Samples were centrifuged at 600 × g for 15 min to
separate the serum. Serum alanine aminotransferase
(ALT) activity was measured with a commerciallyavailable kit according to the manufacturer’s instructions
(Roche, Basel, Switzerland). Serum ALT activity levels
in mice used for hepatocyte transplantation were
measured 3 d after DT injection.

RESULTS
Experimental design and PCR analysis of Alb-cre/DTR
transgenic mice

The experimental design is outlined in Figure 1. In this
study, we crossed Alb-cre with DTR and SCID-beige
mice to obtain ADSB mice. In PCR used to identify the
Alb-cre gene, Tg1, Tg2 and Tg4 mice were cre-positive
(Figure 1B) and in PCR for the DTR gene, Tg1, Tg2
and Tg5 were found in homozygous DTR mice, and
Tg3 and Tg4 in heterozygous DTR mice (Figure 1C).
Genotyping of SCID-beige mice was performed as
[18]
previously described . The mice were then injected
intraperitoneally with DT to induce liver injury, and
adult human hepatocytes were transplanted to obtain
chimeric mice.

Histological assessments

The livers were fixed with 4% formaldehyde for 24 h
and stored in 75% ethanol. They were then embedded
in paraffin and serial sections were cut and stained
with hematoxylin and eosin (H and E).

Specific inducible liver injury in ADSB mice by DT

Humanization protocol

To examine the liver damage caused by DT, ADSB
mice and non-transgenic mice (C57BL/6) were injected
intraperitoneally with 2.5 ng/g bodyweight of DT in 200
µL phosphate-buffered saline. Both groups of mice were
sacrificed 4 d later. The livers of non-transgenic mice
appeared normal and dark red (Figure 2A), whereas
the livers from ADSB mice were pale and almost white
(Figure 2B). Liver sections from both types of mice
were stained with H and E. Microscopically, the liver
sections from non-transgenic mice were of normal
histological appearance, the structure of the hepatic
lobule was complete, the hepatic cord and hepatic
sinusoid were appropriately arranged, and degeneration
or necrosis of hepatocytes was not observed (Figure 2C).
Hepatocyte nucleus fragmentation disappeared in ADSB
mice, suggesting that ADSB mice had characteristic
histological hepatocellular injury (Figure 2D).

We found that a single DT dose of 2.5 ng/g body
weight was the maximum dose tolerated with a
100% survival. Using this dose, serum ALT activity
levels were determined prior to cell transplantation.
Human cryopreserved hepatocytes (Bioreclamation
IVT, Baltimore, MD, United States) were thawed
and the cryopreservation solution was removed by
centrifugation at 100 × g for 5 min at 4 ℃ followed by
resuspension in Dulbecco’s modified Eagle’s medium
(DMEM). The resuspended hepatocytes were diluted
1:1 in trypan blue and then centrifuged again at 100
× g for 5 min at 4 ℃ and reconstituted in hepatocyte
7
6
culture medium at 1 × 10 cells/mL, and 1 × 10 viable
hepatocytes suspended in 100 µL DMEM were injected
into the inferior splenic pole.

Human ALB ELISA

Starting 1 wk after transplantation, human ALB levels
were monitored. Blood samples (10 µL) were collected
and centrifuged at 600 × g for 15 min. Serum
samples were assayed using the Quantitative Human
Albumin ELISA Quantitation Kit (Bethyl Laboratory,
Montgomery, TX, United States) according to the
manufacturer’s protocol.

Kinetic study of bodyweight and liver injury

ADSB mice and non-transgenic mice were injected
intraperitoneally with 2.5 ng/g bodyweight of DT.
At different time points, bodyweight was recorded
and blood samples were collected to determine ALT
activity. In ADSB mice, after DT injection, bodyweight
began to decrease on day 2, was regained on day
7, and was lowest on day 4 (range, 10.5%-13.4%).
No weight reductions were found in non-transgenic
mice (Figure 3A). Serum ALT activity in ADSB mice

Immunohistochemistry

At the time of harvest, the liver was fixed in 4%
formaldehyde for 24 h and stored in 75% ethanol.
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Figure 1 Experimental design and PCR analysis of Alb-cre/diphtheria toxin receptor transgenic mice. A: Experimental design used to characterize DT liver
injury in ADSB mice, which were used for human hepatocyte transplantation; B: PCR analysis of the Alb-cre gene, Tg1, Tg2 and Tg4 mice are cre-positive; C: PCR
analysis of the DTR gene, Tg1, Tg2 and Tg5 are homozygous DTR mice, and Tg3 and Tg4 are heterozygous DTR mice. ADSB: Triple-crossed albumin (Alb)-cre
transgenic mice, inducible diphtheria toxin receptor (DTR) transgenic mice and severe combined immune deficient-beige mice; DT: Diphtheria toxin.

A

B

C

D

Figure 2 Histological analysis of liver injury. Two days after DT treatment, liver sections from non-transgenic mice and ADSB mice were stained with H and E. A:
The liver from non-transgenic mice (C57BL/6); B: The liver from ADSB mouse; C: A representative liver section from non-transgenic mice showing normal histological
appearance; D: A representative liver section from ADSB mice showing liver injury. ADSB: Triple-crossed albumin (Alb)-cre transgenic mice, inducible diphtheria toxin
receptor (DTR) transgenic mice and severe combined immune deficient-beige mice; DT: Diphtheria toxin; H and E: Hematoxylin and eosin.

and then peripheral blood ALB levels were determined
on days 7, 14 and 21 after hepatocyte transplantation
(Figure 4A). Serum levels of human ALB in ADSB mice
are shown on days 7, 14, 21 and 28 after hepatocyte
transplantation. Before 28 d, no human ALB was
detectable either in ADSB mice or the non-transgenic
mice. However, 28 d after transplantation we detected
serum human ALB in ADSB mice at the level of 1580
± 454.8 ng/mL (range, 750.2-3064.9 ng/mL), and
no human ALB was detected in non-transgenic mice
(Figure 4B). These results demonstrated that human

began to increase on day 2, reached a peak value
of 289.7 ± 16.2 IU/mL on day 4, and then returned
to background values on day 7 (Figure 3B). In nontransgenic mice, ALT activity remained at basal levels
(< 50 IU/mL). Therefore, from day 2 to day 7 after DT
injection liver damage occurred, demonstrating that
proliferation of transplanted hepatocytes took place in
this mouse model.

Human hepatocyte reconstitution in ADSB mice

ADSB mice were transplanted 3 d after DT injection,
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Figure 3 Body weight and alanine aminotransferase analysis after diphtheria toxin injection. ADSB mice (filled circle) and non-transgenic mice (open circle)
were injected with 2.5 ng/g bodyweight DT. A: The bodyweight change ratio in the two groups of mice after injection of DT; B: Analysis of serum ALT activity in the
mice. Data are shown as the mean of each group, and error bars represent SD (n = 3); aP < 0.05, bP < 0.01, eP < 0.001. ADSB: Triple-crossed albumin (Alb)-cre
transgenic mice, inducible diphtheria toxin receptor (DTR) transgenic mice and severe combined immune deficient-beige mice; ALT: Alanine aminotransferase; DT:
Diphtheria toxin.
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Human liver chimeric mouse models are useful in
human liver disease research. The urokinase-type
[22]
plasminogen activator (uPA) transgenic mouse ,
was the first reported liver humanized mouse model;
however, uPA mice have low breeding efficiency, are
unhealthy and die due to hypofibrinogenemia; thus,
the transplant time for uPA mice is limited. Two reports
showed successful engraftment based on genetic
knockout of the fumarylacetoacetate hydrolase (Fah)
[23,24]
genes
. Fah is the last enzyme in the tyrosine
breakdown pathway and its deficiency leads to lethal
typeⅠhypertyrosinemia in humans and liver failure
in mice. However, Fah mice also have mouse health
problems, and 2-(2-nitro-4-trifluoro-methylbenzoyl)1,3-cyclohexanedione controls liver injury so that
impacts its application in drug metabolism. More
recently, two additional transgenic models have been
[25]
[26]
developed, the TK-NOG
and the AFC8
models,
which express active caspase 8 fused with the FK506
binding domain and has inducible suicidal activity
in mouse liver under Alb promoter control, but its
repopulation rate of human liver cells is only 30%.
[23]
The FRG model was then developed. FRG
mice are
immune-deficient, Fah knockout mice crossed with
mice lacking the Rag-2 gene and the common gamma
chain of the interleukin receptor.
We report here a novel ADSB mouse model which
can be efficiently repopulated with human hepatocytes.
The transplanted human hepatocytes can reside in
the mouse host’s natural environment and maintain
normal functions. Theoretically, these mouse models
can be infected with HBV and HCV in a reproducible
manner.
In this model, recipient mouse hepatocytes were
destroyed by DT, and the transplanted human mature
hepatocytes had a selective advantage in the mouse
liver. We confirmed that these mice have the ability to
engraft adult human hepatocytes, and the liver can
harbor human Kupffer cells. Thus, this model provides
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Days 7-30

Figure 4 Human albumin plasma concentration in Alb-cre/DTR/SCIDbeige mice after adult hepatocyte transplantation. A: Schematic of liver
humanization. Two days after the intraperitoneal injection of DT, serum was
collected for ALT assay. Human hepatocytes were transplanted into these mice
on the same day; B: Serum levels of human albumin are shown for ADSB mice
(n = 5) on day 7, 14, 21 and 28 after hepatocyte transplantation as detected
by enzyme-linked immunosorbent assay. Results are mean ± SEM (n ≥ 3);
b
P < 0.01. ADSB: Triple-crossed albumin (Alb)-cre transgenic mice, inducible
diphtheria toxin receptor (DTR) transgenic mice and severe combined immune
deficient-beige mice; ALT: Alanine aminotransferase; DT: Diphtheria toxin.

ALB was expressed at least 4 wk after hepatocyte
transplantation.

Human Kupffer cells in the livers of ADSB mice

CD68 is considered a specific marker for activated
Kupffer cells. Kupffer cells are essential for many
hepatic functions and play a major role in inflammatory
[19-21]
responses in this organ
. CD68 immunohisto
chemistry was used to measure CD68 expression in
+
Kupffer cells. In ADSB mouse liver sections, CD68 cells
were present 4 wk and 12 wk after transplantation,
+
and more CD68 cells were found at 12 wk after
transplantation than at 4 wk after transplantation
(Figure 5).
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Figure 5 Human Kupffer cells in the liver of Alb-cre/DTR/SCID-beige mice. Human Kupffer cells stained with CD68, showing the high degree of liver chimerism.
A: Non-transplanted C57BL/6 mice; B: ADSB mice 4 wk after transplantation; C: ADSB mice 12 wk after transplantation. Red arrows exhibit positive staining. Scale
bar = 50 µm, × 400. ADSB: Triple-crossed albumin (Alb)-cre transgenic mice, inducible diphtheria toxin receptor (DTR) transgenic mice and severe combined immune
deficient-beige mice.
a serious global health issue. Humanized mouse models are useful in human
liver disease research. However, mouse models have disadvantages and need
to be improved.

a platform for basic biology in liver regeneration
research and liver disease development.
Our mouse model has distinct advantages over the
other chimeric models. First, ADSB mouse breeding
is not as difficult as for uPA mice, making it possible
to obtain sufficient ADSB mice for experiments. In
addition, these mice are healthy and long-lived, and
can be used for long-term transplantation studies.
Second, the transplantation time points are flexible
following DT injection to induce murine liver injury.
Furthermore, we determined the appropriate dose
of DT to be 2.5 ng/g bodyweight, which can sustain
acute liver injuries with only one dose of DT, resulting
in no death of mice, and can efficiently support the
proliferation of transplanted hepatocytes.
In conclusion, this study introduced a new in vivo
mouse model, which will serve as a promising tool for
research into the interaction between host and virus
in vivo, and in the development of new treatment
approaches. This model is convenient for studies on
hepatocyte transplantation, human drug metabolism
[27,28]
research and drug-drug interactions
. Our model
achieved the establishment of human liver without
hemopoietic reconstitution. In a future study, we
will attempt to establish human liver/immune dual
chimeric mice in order to investigate HBV or HCV
infections in these chimeric animals.

Research frontiers

Recently, many humanized mouse models have been reported, such as the
AFC8 mouse and Fah mouse models. However, these mouse models have
disadvantages, such as low breeding efficiency, limited time window for
transplantation and low repopulation rate.

Innovations and breakthroughs

In the present study, the authors developed a novel liver-chimeric mouse model.
Liver failure was induced by diphtheria toxin (DT) and then human hepatocytes
were transplanted and repopulated in the mice.

Applications

The results of this study suggest that the liver chimeric mouse model based
on triple-crossed albumin-cre transgenic mice, inducible DT receptor (DTR)
transgenic mice and severe combined immune deficient-beige mice (i.e., ADSB
mice) may provide a more stable platform for human drug metabolism research
and viral hepatitis infections.

Terminology

A liver chimeric mouse is established using transgenic or knockout techniques
to cause liver failure and human liver cells are transplanted to construct a
chimeric mouse. In order to avoid host immune rejection following human
hepatocyte transplantation, the mice used are usually immunodeficient.

Peer-review

The researchers provide a novel mouse model of human liver chimeric based
on DTR transgenic mice, in which liver injury can be induced by DT injection.
This model could serve as a promising tool for research on the interaction
between host and hepatitis virus in vivo, and in the development of new
treatment approaches against related liver diseases.

ACKNOWLEDGMENTS
We appreciate Yue-Lei Shen from Biocytogen Co.,
Ltd, Beijing, China for kindly providing the DTR mice;
Qiang Deng from Institut Pasteur of Shanghai, Chinese
of Academy Sciences for kindly providing the Albcre mice; Professor Zheng-Hong Yuan from Fudan
University, Shanghai, China for his intensive discussion.
We thank the animal facilities in Shanghai Public
Clinical Center, Fudan University, China for providing
the platform and helping with animal experiments.

REFERENCES
1
2
3
4

COMMENTS
COMMENTS

5

Background

Hepatitis B virus and hepatitis C virus are hepatotropic viruses that represent

WJG|www.wjgnet.com

4940

Seeger C, Mason WS. Hepatitis B virus biology. Microbiol Mol
Biol Rev 2000; 64: 51-68 [PMID: 10704474]
Wieland SF, Chisari FV. Stealth and cunning: hepatitis B and
hepatitis C viruses. J Virol 2005; 79: 9369-9380 [PMID: 16014900
DOI: 10.1128/JVI.79.15.9369-9380.2005]
Dienstag JL. Hepatitis B virus infection. N Engl J Med 2008; 359:
1486-1500 [PMID: 18832247 DOI: 10.1056/NEJMra0801644]
Blumberg BS. Hepatitis B virus, the vaccine, and the control of
primary cancer of the liver. Proc Natl Acad Sci USA 1997; 94:
7121-7125 [PMID: 9207053]
Rogler CE, Chisari FV. Cellular and molecular mechanisms of
hepatocarcinogenesis. Semin Liver Dis 1992; 12: 265-278 [PMID:
1439879 DOI: 10.1055/s-2007-1007398]

July 21, 2017|Volume 23|Issue 27|

Ren XN et al . Human liver chimeric mouse model
6

7

8
9

10
11

12
13

14

15
16
17

18

Barker LF, Chisari FV, McGrath PP, Dalgard DW, Kirschstein RL,
Almeida JD, Edington TS, Sharp DG, Peterson MR. Transmission
of type B viral hepatitis to chimpanzees. J Infect Dis 1973; 127:
648-662 [PMID: 4574998]
Guidotti LG, Rochford R, Chung J, Shapiro M, Purcell R,
Chisari FV. Viral clearance without destruction of infected cells
during acute HBV infection. Science 1999; 284: 825-829 [PMID:
10221919]
Abe K, Inchauspe G, Shikata T, Prince AM. Three different
patterns of hepatitis C virus infection in chimpanzees. Hepatology
1992; 15: 690-695 [PMID: 1312987]
Summers J, Smolec JM, Snyder R. A virus similar to human
hepatitis B virus associated with hepatitis and hepatoma in
woodchucks. Proc Natl Acad Sci USA 1978; 75: 4533-4537 [PMID:
212758]
Mason WS, Seal G, Summers J. Virus of Pekin ducks with
structural and biological relatedness to human hepatitis B virus. J
Virol 1980; 36: 829-836 [PMID: 7463557]
Marion PL, Oshiro LS, Regnery DC, Scullard GH, Robinson WS.
A virus in Beechey ground squirrels that is related to hepatitis B
virus of humans. Proc Natl Acad Sci USA 1980; 77: 2941-2945
[PMID: 6930677]
Austin S, Ziese M, Sternberg N. A novel role for site-specific
recombination in maintenance of bacterial replicons. Cell 1981; 25:
729-736 [PMID: 7026049]
Buch T, Heppner FL, Tertilt C, Heinen TJ, Kremer M, Wunderlich
FT, Jung S, Waisman A. A Cre-inducible diphtheria toxin receptor
mediates cell lineage ablation after toxin administration. Nat
Methods 2005; 2: 419-426 [PMID: 15908920 DOI: 10.1038/
nmeth762]
Roberts LM, Ledvina HE, Tuladhar S, Rana D, Steele SP,
Sempowski GD, Frelinger JA. Depletion of alveolar macrophages
in CD11c diphtheria toxin receptor mice produces an inflammatory
response. Immun Inflamm Dis 2015; 3: 71-81 [PMID: 26029367
DOI: 10.1002/iid3.51]
Rhim JA, Sandgren EP, Degen JL, Palmiter RD, Brinster
RL. Replacement of diseased mouse liver by hepatic cell
transplantation. Science 1994; 263: 1149-1152 [PMID: 8108734]
Rhim JA, Sandgren EP, Palmiter RD, Brinster RL. Complete
reconstitution of mouse liver with xenogeneic hepatocytes. Proc
Natl Acad Sci USA 1995; 92: 4942-4946 [PMID: 7761429]
Dandri M, Burda MR, Török E, Pollok JM, Iwanska A, Sommer
G, Rogiers X, Rogler CE, Gupta S, Will H, Greten H, Petersen J.
Repopulation of mouse liver with human hepatocytes and in vivo
infection with hepatitis B virus. Hepatology 2001; 33: 981-988
[PMID: 11283864 DOI: 10.1053/jhep.2001.23314]
Araki R, Fujimori A, Hamatani K, Mita K, Saito T, Mori M,

19

20
21

22

23

24

25

26

27

28

Fukumura R, Morimyo M, Muto M, Itoh M, Tatsumi K, Abe M.
Nonsense mutation at Tyr-4046 in the DNA-dependent protein
kinase catalytic subunit of severe combined immune deficiency
mice. Proc Natl Acad Sci USA 1997; 94: 2438-2443 [PMID:
9122213]
Ajakaiye M, Jacob A, Wu R, Nicastro JM, Coppa GF, Wang P.
Alcohol and hepatocyte-Kupffer cell interaction (review). Mol
Med Rep 2011; 4: 597-602 [PMID: 21468548 DOI: 10.3892/
mmr.2011.471]
Gregory SH, Wing EJ. Neutrophil-Kupffer cell interaction: a
critical component of host defenses to systemic bacterial infections.
J Leukoc Biol 2002; 72: 239-248 [PMID: 12149414]
Roberts RA, Ganey PE, Ju C, Kamendulis LM, Rusyn I, Klaunig
JE. Role of the Kupffer cell in mediating hepatic toxicity and
carcinogenesis. Toxicol Sci 2007; 96: 2-15 [PMID: 17122412 DOI:
10.1093/toxsci/kfl173]
Heckel JL, Sandgren EP, Degen JL, Palmiter RD, Brinster RL.
Neonatal bleeding in transgenic mice expressing urokinase-type
plasminogen activator. Cell 1990; 62: 447-456 [PMID: 1696178
DOI: 10.1016/0092-8674(90)90010-C]
Azuma H, Paulk N, Ranade A, Dorrell C, Al-Dhalimy M, Ellis E,
Strom S, Kay MA, Finegold M, Grompe M. Robust expansion of
human hepatocytes in Fah-/-/Rag2-/-/Il2rg-/- mice. Nat Biotechnol
2007; 25: 903-910 [PMID: 17664939 DOI: 10.1038/nbt1326]
Bissig KD, Le TT, Woods NB, Verma IM. Repopulation of adult
and neonatal mice with human hepatocytes: a chimeric animal
model. Proc Natl Acad Sci USA 2007; 104: 20507-20511 [PMID:
18077355 DOI: 10.1073/pnas.0710528105]
Hasegawa M, Kawai K, Mitsui T, Taniguchi K, Monnai M, Wakui
M, Ito M, Suematsu M, Peltz G, Nakamura M, Suemizu H. The
reconstituted ‘humanized liver’ in TK-NOG mice is mature and
functional. Biochem Biophys Res Commun 2011; 405: 405-410
[PMID: 21238430 DOI: 10.1016/j.bbrc.2011.01.042]
Washburn ML, Bility MT, Zhang L, Kovalev GI, Buntzman A,
Frelinger JA, Barry W, Ploss A, Rice CM, Su L. A humanized
mouse model to study hepatitis C virus infection, immune response,
and liver disease. Gastroenterology 2011; 140: 1334-1344 [PMID:
21237170 DOI: 10.1053/j.gastro.2011.01.001]
Nowak G, Ericzon BG, Nava S, Jaksch M, Westgren M,
Sumitran-Holgersson S. Identification of expandable human
hepatic progenitors which differentiate into mature hepatic cells
in vivo. Gut 2005; 54: 972-979 [PMID: 15951545 DOI: 10.1136/
gut.2005.064477]
Bateman TJ, Reddy VG, Kakuni M, Morikawa Y, Kumar S.
Application of chimeric mice with humanized liver for study of
human-specific drug metabolism. Drug Metab Dispos 2014; 42:
1055-1065 [PMID: 24700822 DOI: 10.1124/dmd.114.056978]
P- Reviewer: De Ponti F S- Editor: Qi Y L- Editor: Filipodia
E- Editor: Zhang FF

WJG|www.wjgnet.com

4941

July 21, 2017|Volume 23|Issue 27|

World J Gastroenterol 2017 July 21; 23(27): 4942-4949

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v23.i27.4942

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE
Retrospective Study

Perinatal transmission in infants of mothers with chronic
hepatitis B in California
Jennifer C Burgis, Darryl Kong, Catheryn Salibay, Jennifer Zipprich, Kathleen Harriman, Samuel So
Jennifer C Burgis, Department of Pediatrics, Stanford University,
Palo Alto, CA 94304, United States

Assistant Professor, Department of Pediatrics, Stanford
University, 750 Welch Road, Suite 116, Palo Alto, CA 94304,
United States. jburgis@stanford.edu
Telephone: +1- 650-7235070
Fax: +1- 650-4985608

Darryl Kong, Catheryn Salibay, Jennifer Zipprich, Kathleen
Harriman, California Department of Public Health, Immunization
Branch, Richmond, CA 94804, United States

Received: March 24, 2017
Peer-review started: March 29, 2017
First decision: April 25, 2017
Revised: May 11, 2017
Accepted: June 18, 2017
Article in press: June 19, 2017
Published online: July 21, 2017

Samuel So, Asian Liver Center, Stanford University, Palo Alto,
CA 94304, United States
Author contributions: Burgis JC, Kong D, Salibay C, Zipprich
J, Harriman K and So S contributed equally to this work; Burgis
JC, Kong D, Salibay C, Zipprich J, Harriman K and So S
designed the research; Burgis JC, Kong D, Salibay C, Zipprich
J and Harriman K performed the research; Kong D and Salibay
C analyzed the data; Burgis JC, Kong D, Salibay C, Zipprich J,
Harriman K and So S wrote the paper.

Abstract

Institutional review board statement: This study was
reviewed and approved by the California Health and Human
Services Agency Committee for the Protection of Human
Subjects and the Stanford University Human Subjects Research
and Institutional Review Board.

AIM
To evaluate maternal hepatitis B virus (HBV) DNA as
risk for perinatal HBV infection among infants of HBVinfected women in California.
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METHODS
Retrospective analysis among infants born to hepatitis B
surface antigen (HBsAg)-positive mothers who received
post vaccination serologic testing (PVST) between
2005 and 2011 in California. Demographic information
was collected from the California Department of Public
Health Perinatal Hepatitis B Program databaseand
matched to birth certificate records. HBV DNA level and
hepatitis B e antigen (HBeAg) status were obtained
from three large commercial laboratories in California
and provider records if available and matched to
mother infant pairs. Univariate analysis compared
infected and uninfected infants. Multivariate analysis
was restricted to infected infants and controls with
complete maternal HBV DNA results using a predefined
7
high HBV DNA level of > 2 × 10 IU/ml, a 5:1 ratio of
cases to controls and a two-sided confidence level of
95%.

Data sharing statement: Technical appendix, statistical code
and dataset available upon request from author Jennifer Zipprich
(jennifer.zipprich@cdph.ca.gov).
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Manuscript source: Unsolicited manuscript
Correspondence to: Jennifer C Burgis, MD, Clinical

WJG|www.wjgnet.com

4942

July 21, 2017|Volume 23|Issue 27|

Burgis JC et al . Perinatal hepatitis B in California

RESULTS
A total of 17687 infants were born to HBsAg positive
mothers in California between Jan 1 2005 and Dec 31,
2011. Among 11473 infants with PVST, only 125 (1.1%)
were found to be HBV infected. Among these infected
infants, lapses in Advisory Committee on Immunization
Practices recommended post exposure prophylaxis
(PEP) occurred in only 9 infants. However, PEP errors
were not significantly different between infected
and uninfected infants. Among the 347 uninfected
and infected infants who had maternal HBeAg and
HBV DNA level, case-control analysis found HBeAg
positivity (70.4% vs 28.9%, OR = 46.76, 95%CI:
6.05-361.32, p < 0.001) and a maternal HBV DNA
7
level ≥ 2 × 10 IU/mL (92.6% vs 18.5%, OR = 54.5,
95%CI: 12.22-247.55, p < 0.001) were associated
with perinatal HBV infection. In multivariate logistic
7
regression, maternal HBV DNA level ≥ 2 × 10 IU/mL
was the only significant independent predictor of
perinatal HBV infection.

25% risk of death from liver failure and hepatocellular
[1]
carcinoma . The United States Advisory Committee
on Immunization Practices (ACIP) recommends and
California regulations require testing of all pregnant
[2]
women for hepatitis B surface antigen (HBsAg) . ACIP
also recommends that infants born to HBsAg-positive
mothers receive post-exposure prophylaxis (PEP)
including hepatitis B immunoglobulin (HBIG) and the
first dose of HBV vaccine within 12 h of birth; complete
the HBV vaccine series; and receive postvaccination
serologic testing (PVST), including testing for HBsAg
(infection) and antibody to HBsAg (immunity) between
[3]
9-18 mo of age .
International studies have shown that maternal
hepatitis B e antigen (HBeAg) positivity and high
7
8
maternal HBV DNA levels (≥ 2 × 10 IU/mL or 10
copies/mL) are the most significant risk factors for
[4-7]
perinatal transmission . Perinatal HBV infection has
been shown to correlate linearly with increasing HBV
[6,7]
DNA levels . Studies have not shown a consistent
relationship between perinatal transmission and other
risk factors such as delivery mode, invasive procedures
[8-10]
during pregnancy, or breastfeeding
. Antiviral
therapy for pregnant women with high HBV DNA levels
has been proposed to reduce perinatal transmission,
[11-14]
but its use is not yet standard of care
. The exact
viral load at which to initiate antivirals to prevent
transmission has yet to be established.
To explore risk factors for perinatal transmission
in California, we conducted a retrospective analysis
of infants born between 2005 and 2011 to HBsAgpositive mothers. Our objective was to evaluate, the
effect of maternal HBeAg status and HBV DNA levels
on perinatal HBV infection.

CONCLUSION
In California, transmission is low and most infected
infants receive appropriate PEP and vaccination.
7
Maternal HBV DNA ≥ 2 × 10 IU/mL is associated with
high risk of perinatal infection.
Key words: Perinatal transmission; hepatitis B virus
DNA; Pregnancy; Hepatitis B; Vaccination; post-vaccine
serology testing
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Most infants born to hepatitis B surface
antigen positive woman in California received appropriate
post exposure prophylaxis and vaccination but a low
postvaccination serologic testing rate represents a
missed opportunity to identify chronically infected
infants needing lifelong medical care. Overall the
perinatal transmission rate in California is low at 1.1%
and only high maternal hepatitis B virus (HBV) DNA
level predicts risk for perinatal transmission. Maternal
HBV DNA is a vital prenatal screen if targeted antiviral
therapy for high-risk mothers becomes a strategy to
reduce transmission.

MATERIALS AND METHODS
Each year, approximately 2500 pregnant women
with chronic HBV infection are reported to the
CDPH Perinatal Hepatitis B Prevention Program
(PHPP). California local health jurisdictions monitor
mother-infant pairs to ensure compliance with ACIP
recommendations for the prevention of perinatal HBV
infection and submit demographic data, laboratory
results, times of HBIG and HBV vaccine administration
at birth and completion of the HBV vaccine series, and
PVST results to the CDPH PHPP. Data are entered and
maintained at CDPH; internal logic checks and record
reviews are used to verify data quality.
A retrospective study to determine risk factors for
perinatal HBV infection was conducted. Eligible infants
were those born to HBV-infected women between
January 1, 2005 and December 31, 2011 whose HBV
infection status was known via PVST. A case control
analysis was conducted for mothers who had HBV
DNA testing within one year of the infant’s birth.
Case infants were those with positive HBsAg results
indicating perinatal infection; control infants were

Burgis JC, Kong D, Salibay C, Zipprich J, Harriman K, So S.
Perinatal transmission in infants of mothers with chronic hepatitis
B in California. World J Gastroenterol 2017; 23(27): 4942-4949
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i27/4942.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i27.4942

INTRODUCTION
Perinatal hepatitis B virus (HBV) infection is associated
with a 90% risk for chronic infection, which carries a
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those with negative HBsAg results. All control mothers
also had HBeAg testing within one year of the infant’s
birth. Infants born during the study period who were
younger siblings of another case or control infant were
excluded.
Birth certificate data on maternal race and
ethnicity, birthplace, education level and insurance
status during pregnancy and details about the
delivery were obtained for all infants. Information
on infant sex, gestational age at birth, birth weight,
the administration of HBIG and HBV vaccine at
birth, and completion of a three or four dose HBV
vaccine series for all infants was obtained from the
CDPH PHPP, local health jurisdictions, clinic and birth
hospital records, and birth certificates. Based on ACIP
recommendations, infants without documentation of
administration of HBIG and HBV vaccine within 12 h birth
were considered to have a PEP error. Infants without
documentation of at least three doses of HBV vaccine
by 8 mo of age (245 d) or 4 doses of vaccine by 12
mo of age (366 d) were considered to have a vaccine
series error. Infants weighing less than 2000 g at birth
without documentation of three HBV vaccine doses
after the birth dose were also considered to have a
[3]
vaccine series error .
HBeAg and HBV DNA test results for women of
childbearing age 14 to 45 years between January 1,
2005 and December 31, 2011 were requested from
three large reference laboratories that serve most
patients in California: Quest Diagnostics (Madison,
NJ, United States), LabCorp (Burlington, NC, United
States), and ARUP Laboratories (Salt Lake City, UT,
United States). These results were matched to PHPP
records by mother’s name, date of birth, and proximity
of mother’s residence zip code to the ordering
provider’s zip code. Laboratory tests performed more
than one year from the infant’s date of birth were
excluded. When multiple laboratory results matched to
a mother, the result closest to the infant’s date of birth
was included. For all cases, maternal prenatal care
providers were contacted to obtain any additional HBV
DNA and HBeAg results that were available.
Given a limited case sample size of 27 infants, of
whom 92% met the predefined exposure of HBV DNA
7
level > 2 × 10 IU/mL, a 5:1 ratio of cases to controls,
and a two-sided confidence level of 95%, our case
control analysis had more than 95% power to detect
an odds ratio of greater than 50. Group differences for
continuous variables were examined using the MannWhitney test or Student’s t-test (α = 0.05, two-tail).
OR and 95%CI were calculated for categorical variables
using logistic regression. OR and CI for race were
calculated using the Mantel Haenszel test. Variables
with a p value < 0.10 in univariate analysis were
included in a multivariate logistic regression analysis
using the backward stepwise method with a removal
standard of 0.05. Multivariate analysis was restricted to
cases and controls with complete maternal HBV DNA
results. All analyses were performed using SAS for
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Windows (version 9.3, SAS Institute, Cary, NC, United
States). The statistical methods of this study were
reviewed by Jennifer Zipprich from the Immunization
Branch of the California Department of Public Health.
Technical appendix, statistical code, and dataset are
available upon request from Jennifer Zipprich (jennifer.
zipprich@cdph.ca.gov). This study was reviewed by
the California Health and Human Services Agency
Committee for the Protection of Human Subjects and
determined to be “not research” and was approved
by the Stanford University Human Subjects Research
and Institutional Review Board. A waiver of consent
was granted for this study; the presented data are
anonymized and the risk of identification is low. There
are no conflicts of interest to disclose. No animal
studies were conducted.

RESULTS
Of 17687 infants born and enrolled in PHPP during
January 1, 2005 - December 31, 2011, 11473 (64.9%)
had complete PVST results, and 347 (3%) of their
mothers had HBV DNA testing within one year of the
infant’s birth. Of the infants with PVST results, 125
(1.1%) were HBsAg-positive.
Of the 125 infected infants, 115 (92%) infants
received appropriate PEP at birth and the PEP status
of one adopted infant was unknown. Of the 9 infected
infants who did not receive appropriate PEP at birth, 3
did not receive HBIG and 6 received PEP greater than
12 h after birth. Additionally, three infected infants did
not complete the vaccine series in the appropriate time
period.
Of the 125 infected infants, 27 (21.6%) had
maternal HBV DNA results and were eligible for case
selection. Of the 11348 uninfected infants, 320 (2.8%)
had maternal HBV DNA and HBeAg results and were
eligible for control selection. Of eligible controls, 135
were randomly selected for a ratio of 5 controls for
every case with maternal HBV DNA results for the case
control analysis.
The case (infected) and control (uninfected)
infants were similar with respect to sex, birthweight
and gestational age at birth (Table 1). There was no
significant difference in PEP errors between case and
control infants. The most common error noted was
late or incomplete HBV vaccine series. There was also
no significant difference in infant age at administration
of HBIG and HBV vaccine at birth or vaccine series
completion between cases and controls (data not
shown, p = 0.49, p = 0.79, p = 0.43, respectively).
Case and control mothers were similar with respect
to age, foreign birth, education and insurance status
during pregnancy (Table 2). There was no significant
difference in maternal race with 96% of case mothers
vs 81% of control mothers identified as API (OR
= 4.790, 95%CI: 0.62-37.234, p = 0.129). Case
mothers were more likely to be of Vietnamese or
Hmong descent (OR = 19.6, 95%CI: 3.80-Undef, p <
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Table 1 Univariate analysis of infant characteristics among those with maternal hepatitis B virus DNA results n (%)
Cases (n = 27)

Infant characteristics
Sex
Male
Female
Birthweight1
> 2500 g
< 2500 g
Gestational age2
Full term
Preterm
Unknown
Errors with HBIG or Birth Dose
None
Any
Late or incomplete series
No
Yes

Controls (n = 135)

OR

P value

17 (63.0)
10 (37.0)

73 (54.1)
62 (45.9)

Reference
0.693 (0.296-1.623)

0.398

25 (92.6)
2 (7.4)

121 (89.6)
14 (10.4)

Reference
0.692 (0.148-3.235)

0.640

25 (92.6)
2 (7.4)
0 (0)

116 (85.9)
17 (12.6)
2 (1.5)

Reference
0.546 (0.118-2.515)
-

0.437
-

26 (96.3)
1 (3.7)

132 (97.8)
3 (2.2)

Reference
1.692 (0.169-16.912)

0.654

24 (88.9)
3 (11.1)

117 (86.7)
18 (13.3)

Reference
0.813 (0.222-2.978)

0.754

Birthweight defined by different Advisory Committee on Immunization Practices recommendations for vaccination at this weight threshold; 2Full term
defined as ≥ 37 wk and preterm defined as < 37 wk gestation. HBIG: Hepatitis B immunoglobulin.
1

Table 2 Univariate analysis of maternal characteristics among infants with maternal hepatitis B virus DNA results n (%)
Maternal characteristics

Cases (n = 27)

Age (yr)
< 25
25-34
> 35
Race
Not Asian/Pacific Islander
Asian/Pacific Islander
Foreign born
No
Yes
Education
Greater than High school
High school or less
Insurance Prenatal Care
Non-government
Government
Unknown
Primigravid
No
Yes
Nulliparous
No
Yes
Delivery type
Non cesarean
Cesarean
Unknown

Controls (n = 135)

P value

5 (18.5)
14 (51.9)
8 (29.6)

17 (12.6)
75 (55.6)
43 (31.9)

Reference
0.635 (0.201-2.002)
0.633 (0.181-2.209)

0.438
0.473

1 (3.7)
26 (96.3)

21 (15.6)
114 (81.4)

Reference
4.790 (0.616-37.234)

0.129

2 (7.4)
25 (92.6)

17 (12.6)
118 (87.4)

Reference
1.801 (0.391-8.295)

0.450

14 (51.9)
13 (48.2)

74 (54.8)
61 (45.2)

Reference
1.126 (0.492-2.577)

0.778

16 (59.3)
10 (37.0)
1 (3.7)

63 (46.7)
72 (53.3)
0 (0)

Reference
0.547 (0.232-1.292)
-

0.169
-

12 (44.4)
15 (55.6)

76 (56.3)
59 (43.7)

Reference
1.610 (0.701-3.699)

0.262

11 (40.7)
16 (59.3)

65 (48.2)
70 (51.9)

Reference
1.351 (0.584-3.124)

0.482

21 (77.8)
5 (18.6)
1 (3.7)

100 (74.1)
35 (25.9)
0 (0)

Reference
0.680 (0.239-1.942)
-

0.472
-

0.001; OR = 10.75, 95%CI: 1.69-Undef, p = 0.031,
respectively). There were no significant differences
in gravidity, parity, or delivery mode. In addition, no
bleeding risks (including placenta previa, placental
abruption or need for maternal blood transfusion) were
identified in either case or control mothers, but one
case mother had missing information. There were also
no differences between case and control mothers with
respect to premature rupture of membranes (> 12 h)
and prolonged labor (> 20 h) (data not shown).
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OR

From provider reports to PHPP and electronically
submitted data from three large references labo
ratories, HBV DNA results were only available for 27
(21.6%) mothers of the 125 infected infants, while 36
(28.8%) these mothers had HBeAg results. Among
case mothers with HBV DNA results, all had detectable
maternal HBV DNA levels compared to only 72.6% of
control mothers (p < 0.001) (Figure 1). Case mothers
were significantly more likely to have a HBV DNA level
7
of ≥ 2 × 10 IU/mL than control mothers (92.6% vs
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Figure 1 Distribution of hepatitis B virus DNA level between case and control mothers. HBV: Hepatitis B virus.

Table 3 Association between maternal laboratory results and infant hepatitis B virus infection n (%)
Maternal laboratory results
HBV DNA Levels
< 2 × 107 IU/mL
> 2 × 107 IU/mL
HBeAg Results
Negative
Positive
Unknown

Cases (n = 27)

Controls (n = 135)

OR

P value

2 (7.4)
25 (92.6)

110 (81.5)
25 (18.5)

Reference
54.499 (12.219-247.550)

< 0.001

1 (3.7)
19 (70.4)
7 (25.9)

96 (71.1)
39 (28.9)
0 (0.0)

Reference
46.757 (6.051-361.317)
-

< 0.001

Some mothers had HBV DNA and HBeAg testing. HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen.

analysis were included in the multivariate logistic
regression. In the multivariate logistic regression
7
analysis, only maternal HBV DNA level ≥ 2 × 10 IU/mL
was a significant independent predictor of perinatal
HBV infection.
Perinatal infection occurred in one female and one
7
male infant with maternal HBV DNA levels < 2 × 10
IU/mL who received appropriate PEP at birth and
completed the HBV vaccine series in the appropriate
time period. Both infants were born at term via normal
spontaneous vaginal deliveries. The mother of the
female infant was HBeAg-negative and had an HBV
4
DNA level of 1 × 10 IU/mL, although both laboratory
results were only available 280 d after delivery. The
mother of the male infant was HBeAg-positive, had an
5
HBV DNA level of 1 × 10 IU/mL and laboratory results
were available 24 d prior to delivery.

18.5%, OR = 54.50, 95%CI: 12.219-247.550, p <
0.001) (Table 3). Significantly more control mothers
than case mothers had HBV DNA results reported
prior to delivery (57.8% vs 33.3%, p = 0.02). Among
all mothers with known HBeAg results, significantly
more case mothers than control mothers were HBeAgpositive (70.4% vs 29.9%, OR = 46.76, 95%CI:
6.051-361.617, p < 0.001).
Among both case and control mothers with
detectable HBV DNA levels, mothers who were HBeAgpositive had higher median HBV DNA levels than those
8
who were HBeAg-negative (1.1 × 10 IU/mL vs 178
IU/mL, p < 0.001). API mothers had significantly
higher median HBV DNA levels (5745.50 IU/mL vs
162 IU/mL, p = 0.032) but there was no significant
difference in the proportion of API mothers with HBV
7
DNA levels above 2 × 10 IU/mL compared to other
races (32.9% vs 18.2%, p = 0.217). API mothers
were more likely to be HBeAg-positive than mothers
of other races (38.6% vs 18.2%, p = 0.489) but this
difference was not significant.
Variables with a p-value < 0.10 in the univariate
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DISCUSSION
Our retrospective analysis and case-control study was
designed to evaluate the role of maternal HBV DNA
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level in perinatal HBV infection. From 2005-2011,
17687 at-risk infants were born to HBsAg-positive
mothers in California which created an ideal sampling
frame given the largest API population of any state and
more than a quarter of the foreign-born population in
the United States, both with high prevalence of chronic
HBV as well as the extensive PHPP records at CDPH.
The overall HBV infection rate of 1.1% among atrisk infants with PVST is low and demonstrates that
current immunoprophylaxis strategies continue to
protect most at-risk infants from chronic infection.
However, despite appropriate PEP and completion of
the vaccine series some infants still become infected.
Our study showed that approximately one-third of atrisk infants did not have PVST, a striking deficiency
even in a state with the majority of counties with
resources for local health departments to provide
surveillance for perinatal hepatitis B cases. Similar
limitations have been seen in the United States despite
[15,16]
comprehensive surveillance programs
. Infected
infants could have been missed. This would have
effectively limited our sample size but should not
change the nature of the observed association.
New guidelines are proposed to provide antiviral therapy in pregnancy to prevent perinatal
[17]
transmission . This requires both additional prenatal
laboratory testing and a clear viral load threshold to
offer therapy. Although retrospectively solicited, only
22% of case mothers of infected infants had HBV DNA
results. During our study period, recommendations
for routine prenatal screening did not specifically
include HBV DNA PCR, but appropriate health care
maintenance of chronic hepatitis B would have included
this assessment. We relied upon matching laboratory
results from three large reference laboratories that
perform most of the hepatitis testing in California.
Our matching algorithm has not been validated, but
matches were individually verified by maternal name
and date of birth. To optimize our yield, we included
HBV DNA levels within one year of delivery. There is
conflicting evidence regarding the variability of HBV
DNA levels during pregnancy, as laboratory results
obtained more distant from birth may not reflect
[18,19]
the infant’s true risk at the time of delivery
. Our
study demonstrated that mothers of infected infants
with HBV DNA results were more likely to be API,
HBeAg-positive, and have higher HBV DNA levels than
mothers of uninfected infants. Increased risk was
clearly evident with maternal HBV DNA level of ≥ 2 ×
7
10 IU/mL.
We identified two cases of perinatal HBV infection
in children born to women with lower HBV DNA levels
including one with HBeAg-negative status. This differs
from other studies that have reported no transmission
among infants born to HBeAg-negative mothers or
[8,20-23]
mothers with low HBV DNA levels
. Due to the
fluctuations inherent in HBV infection, HBV DNA levels
and HBeAg results obtained distant from delivery may
not reflect risk at the time of delivery. Infected infants
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whose mothers were HBeAg-negative have been
described; infection in these infants is possibly due to
[24,25]
pre-core mutations
.
Our study had several limitations. Since all
eligible mothers were selected based on documented
laboratory results, selection bias was possible in our
sampling. However, univariate analyses restricted to
cases with HBV DNA results showed no significant
differences when all infected infants were included.
Finally, the sample size of our case control evaluation
was small and designed to evaluate maternal HBeAg
status and HBV DNA levels as risk factors, so the ability
to assess other risk factors was limited. Our unique
study evaluates perinatal HBV infection in California,
with the largest single state sample size in the United
States. The results are consistent with findings from
prior smaller North American and international studies
identifying a similar HBV DNA threshold for trans
mission risk, although some studies in Asia find higher
[26-29]
perinatal transmission rates
.
In California there is an overall low transmission
rate of HBV with current PEP strategies, but PVST is
not completed for all at-risk infants creating missed
opportunity to screen for chronic hepatitis B infection.
Infants of mothers with high viral load are at increased
risk of chronic infection, clearly evident with a maternal
7
[17]
HBV DNA level of ≥ 2 × 10 IU/mL .
Appropriate PEP, completion of the HBV vaccine
series, and completion of timely PVST still remain
critical and first line strategy to prevent perinatal
transmission. The use of antiviral therapy in the third
trimester for highly viremic mothers has been shown
to decrease the incidence of chronic infection in atrisk infants who received appropriate PEP and the HBV
[14]
vaccine series . Safety profiles of these medications,
risk of viral resistance and maternal disease flare
should be considered and may delay efforts to make
[30-32]
this prevention strategy standard of care
. Our
study further corroborates existing evidence that a
high maternal HBV DNA level is a significant risk factor
for perinatal HBV infection and chronic HBV disease.
More prospective studies are needed to investigate
the specific HBV DNA threshold for treatment and
the safety and comparative effectiveness of various
antiviral therapies during pregnancy to further reduce
the incidence of perinatal HBV infection in the infants
of infected women.
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Abstract
AIM
To compare the efficacy of a session of extracorporeal
shock wave lithotripsy (ESWL) before endoscopic
retrograde cholangiopancreatography (ERCP) vs ERCP
only for problematic and large common bile duct (CBD)
stones.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest statement: No potential conflicts of interest
relevant to this article are reported.

METHODS
Adult patients with CBD stones for whom initial ERCP
was unsuccessful because of the large size of CBD

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
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creatography (ERCP) was first introduced in the 1970s,
and is the most frequently used endoscopic technique
for the clearance of stones from the common bile
[1]
duct (CBD) . Conventional therapy for CBD stones
involves sphincterotomy and stone extraction with
[2]
either a Dormia basket or a Fogarty-type balloon .
About 80% to 90% of CBD stones can be extracted
[3]
using conventional techniques . Removal by ERCP
is less invasive as compared with surgery but is
[4,5]
more likely to fail when the stone is large . For
impacted or extremely large stones, or stones located
intrahepatically or proximal to a bile duct stenosis,
endoscopic removal may not be successful, and failure
is generally due to the inability to grasp the large
stones. In these patients, lithotripsy (electrohydraulic,
electromagnetic or piezoelectric) has proved to be
effective in terms of disintegrating stones into smaller
fragments, facilitating the endoscopic clearance of CBD
[6,7]
stones .
Extracorporeal shock wave lithotripsy (ESWL) is
a novel technique, which uses shock waves to frag
ment stones. Clinical experience with ESWL for the
fragmentation of kidney stones was first reported
[8]
in 1980 . Its application was quickly extended to
large biliary and pancreatic stones. Sauerbruch and
his colleagues demonstrated the efficacy of ESWL in
achieving CBD stone fragmentation in about 90%
[9]
of patients with mild side effects . The present
prospective controlled trial was conducted to compare
the therapeutic benefits and complications in patients
having a session of ESWL before ERCP and patients
having ERCP alone for the treatment of problematic
and large CBD stones.

stones were identiﬁed. The patients were randomized
into two groups, an “ESWL + ERCP group” and an
“ERCP-only” group. For ESWL + ERCP cases, ESWL
was performed prior to ERCP. Clearance of the CBD,
complications related to the ESWL/ERCP procedure,
frequency of mechanical lithotripsy use and duration of
the ERCP procedure were evaluated in both groups.
RESULTS
There was no significant difference in baseline chara
cteristics between the two groups. A session of ESWL
before ERCP compared with ERCP only resulted in
similar outcomes in terms of successful stone removal
within the first treatment session (74.2% vs 71.0%, P
= 0.135), but a higher clearance rate within the second
treatment session (84.4% vs 51.6%, P = 0.018) and
total stone clearance (96.0% vs 86.0%, P = 0.029).
Moreover, ESWL prior to ERCP not only reduced ERCP
procedure time (43 ± 21 min vs 59 ± 28 min, P = 0.034)
and the rate of mechanical lithotripsy use (20% vs
30%, P = 0.025), but also raised the clearance rate of
extremely large stones (80.0% vs 40.0%, P = 0.016).
Post-ERCP complications were similar for the two
groups.
CONCLUSION
Based on the higher rate of successful stone removal
and minimal complications, ESWL prior to ERCP appears
to be a safe and effective treatment for the endoscopic
removal of problematic and large CBD stones.
Key words: Extracorporeal shock wave lithotripsy;
Endoscopic retrograde cholangiopancreatography;
Common bile duct stones
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Extracorporeal shock wave lithotripsy (ESWL)
and endoscopic retrograde cholangiopancreatography
(ERCP) are frequently used for patients with large
common bile duct (CBD) stones. The effect of a
session of ESWL prior to ERCP for problematic and
large CBD stones has not previously been reported.
The results of our research suggested that a session of
ESWL can aid clearance of CBD in the following ERCP.
Also mechanical lithotripsy usage was reduced and
extremely large stone (≥ 30 mm) clearance rate can
be raised.

This prospective study was conducted at the Depart
ment of Gastroenterology of Zibo Central Hospital, a
tertiary referral hospital in Zibo, Shandong Province,
China. The study was approved by the Ethics
Committee of the Zibo Central Hospital. All study
participants, or their legal guardian, provided informed
written consent prior to study enrollment.
From February 2013 to September 2016, 231
eligible patients were identified at the hospital. The
inclusion criteria were adult patients with CBD stones
who had undergone an unsuccessful initial ERCP. A
nasobiliary tube (NBT) was placed in all subjects to
irrigate the stones and visualize the calculi during
ESWL. The number and diameter of the stones were
assessed by pre-ESWL X-ray or computed tomography.
If multiple stones were detected, the largest single
stone diameter was tallied. Patients were treated with
a session of ESWL (14-26 kV) before ERCP in the
ESWL + ERCP group.
Patients who were admitted on Tuesday, Wednesday
and Thursday were allocated to the ERCP-only group.
These patients underwent conventional ERCP treatment
for stone extraction using a side-view endoscope
(JF-240; Olympus Optical Corporation, Tokyo, Japan),

Tao T, Zhang M, Zhang QJ, Li L, Li T, Zhu X, Li MD, Li GH,
Sun SX. Outcome of a session of extracorporeal shock wave
lithotripsy before endoscopic retrograde cholangiopancreatography
for problematic and large common bile duct stones. World J
Gastroenterol 2017; 23(27): 4950-4957 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i27/4950.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i27.4950
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D

Figure 1 Large stones in the common bile duct were cracked by extracorporeal shock wave lithotripsy (A) and cleared by following endoscopic retrograde
cholangiopancreatography (B and C), common bile duct strictures were dilated using a balloon, and passage dilating catheters were used to retrieve the
stones (D).

performed by two senior endoscopists, each with
the experience of more than 1000 ERCP procedures.
Patients admitted on Friday, Saturday, Sunday and
Monday were allocated to the ESWL + ERCP group. For
these patients, a session of ESWL was performed 4 h
before ERCP by experienced gastroenterologists using
an electrohydraulic spark gap lithotripter (HealthTronics,
Austin, TX, United States), even if no difficulty was
anticipated in the following ERCP procedure in terms
of removing the stones by means of basket extraction.
Patients were treated in the prone position and under
general anaesthesia with continuous monitoring.
Stones were localized and targeted with an X-ray
focusing system. ESWL was performed at a rate of
90 shocks/min for 10 min and at an intensity of 4 (on
a scale of 1-6, corresponding to 11000-16000 kV).
Patients were exposed to a maximum of 5000 shocks/
session unless the stones were fragmented to less than
5 mm earlier. ERCP was performed 4 h after ESWL to
clear the fragments using a retrieval basket or balloon
catheter, unless the stones passed spontaneously. If
present, CBD strictures were dilated using a balloon
(4-15 mm), and passage dilating catheters were
used to retrieve the stones (Figure 1). In cases where
CBD stones could not be cleared successfully in two
treatment sessions, the patient would be subjected to
repeated biliary stenting or surgery.
CBD stone clearance was assessed after each ERCP
session using procedure reports, plain ﬁlms, ERCP
ﬁlms and/or abdominal MRCP (Figure 2). Separate

WJG|www.wjgnet.com

records were made for each group that included
information on post-ESWL complications, post-ERCP
complications, number of mechanical lithotripsies
used and the duration of each ERCP procedure. PostERCP complications were recorded in all patients and
graded as mild, moderate or severe according to
[10]
Cotton’s criteria . Successful clearance was defined
as the clearance of more than 90% of the CBD stone
fragments using a balloon or a basket.

Statistical analysis

The statistical methods of this study were reviewed
by a biostatistician (Jia-Tong Liang) from Shandong
University of Technology. Data are expressed as mean
2
± SD. Statistical analysis was performed using the χ
test or Fisher’s exact test for non-continuous variables,
and Student’s t-test was used for continuous variables.
Analyses were performed by using SPSS 12.0 (SPSS
Inc, Chicago, IL, United States). A probability (P) value
< 0.05 was considered statistically significant.

RESULTS
Two hundred and thirty-one patients were evaluated in
this study (ESWL + ERCP group, n = 124; ERCP-only
group, n = 107). Patient characteristics are shown in
Table 1. There were no significant differences in clinical
characteristics between the two groups including
prothrombin time/international normalized ratio (1.14
± 0.22 vs 1.19 ± 0.34, P = 0.382), periampullary
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Figure 2 Common bile duct stone clearance was assessed after each endoscopic retrograde cholangiopancreatography session using procedure reports,
plain ﬁlms, endoscopic retrograde cholangiopancreatography ﬁlms and/or abdominal magnetic resonance cholangiopancreatography. A: Pre-ESWL large
common bile duct stones were very large; B: Post-ESWL reduction in diameter of CBD stones; C: Stones were tracked by a basket during the following ERCP; D:
CBD was cleared successfully. ESWT: Extracorporeal shockwave lithotripsy; ERCP: Endoscopic retrograde cholangiopancreatography; CBD: Common bile duct.

session and in two patients during the second session.
Overall, there were 156 ESWLs and 150 ERCPs in the
124 patients in the ESWL + ERCP group, whereas
there were 138 ERCPs in the 107 patients of the
ERCP-only group. The outcome of the two groups is
summarized in Table 2. In the first session, successful
stone clearance did not differ significantly between the
two groups (74.2% vs 71%, P = 0.135). However,
in the second session, ESWL before ERCP produced
a higher stone clearance than that observed in the
ERCP-only group (84.4% vs 51.6%, P = 0.018), and
the overall stone clearance also differed significantly
(96.0% vs 86.0%, P = 0.029) between the two
groups. Moreover, a session of ESWL before ERCP
reduced the rate of mechanical lithotripsy (20.0% vs
30.0%, P = 0.025) and ERCP procedure time (43 ±
21 min vs 59 ± 28 min, P = 0.034). Successful stone
removal by a conventional method (balloon or dormia
basket) was similar between the two groups (97.0%
vs 91.5%, P = 0.251); however, successful clearance
rate of mechanical lithotripsy differed significantly
(92.0% vs 75.0%, P = 0.041). Removal of extremely
large-sized stones (≥ 3.0 cm) differed significantly
between the groups [80.0% (12/15) in the ESWL +
ERCP group vs 40.0% (4/10) in the ERCP-only group,
P = 0.016] (Table 3).
In 20 patients, stones had not been extracted
even after two sessions of treatment (5 patients in the

Table 1 Baseline characteristics of patients in the ex
tracorporeal shock wave lithotripsy + endoscopic retrograde
cholangiopancreatography group and the endoscopic retrograde
cholangiopancreatography-only group n (%)
ERCP only P value
(n = 107)

Demographic characteristic

ESWL + ERCP
(n = 124)

Age (yr)
Male
Prothrombin time/INR
Periampullary diverticulum
Pre-cut sphincterotomy
Calculi characteristic
Single
Multiple
Stone size
1.5-3.0 cm
> 3.0 cm

71.2 ± 4.6
63 (50.8)
1.14 ± 0.22
54 (43.5)
65 (52.4)

68.4 ± 6.1
56 (52.3)
1.19 ± 0.34
48 (44.9)
60 (56.1)

83
41 (33.1)
18.3 ± 2.5
104
15 (12.1)

72
35 (32.7)
16.6 ± 3.8
93
10 (9.3)

0.647
0.318
0.382
0.263
0.187

0.371
0.084
0.195

ESWL: Extracorporeal shock wave lithotripsy; ERCP: Endoscopic retrograde
cholangiopancreatography; INR: International normalized ratio.

diverticulum (43.5% vs 44.9%, P = 0.263), pre-cut
sphincterotomy (52.4% vs 56.1%, P = 0.187), stone
size (18.3 ± 2.5 mm vs 16.6 ± 3.8 mm, P = 0.084),
and the percentage of patients who have had multiple
stones (33.1% vs 32.7%, P = 0.371) or extremely
large (> 3.0 cm) stones (12.1% vs 9.3%, P = 0.195).
Stones passed spontaneously in six patients during
ESWL treatment, in four patients during the first
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Table 2 Endoscopic stone removal observed after endoscopic retrograde cholangiopancreatography n (%)
Attempt

ESWL + ERCP (n = 124)

ERCP only (n = 107)

P value

92/124 (74.2)
27/32 (84.4)
119/124 (96.0)
30/150 (20)
43 ± 21

76/107 (71.0)
16/31 (51.6)
92/107 (86.0)
41/138 (30)
59 ± 28

0.135
0.018a
0.029b
0.025c
0.034d

First
Second
Total
Number (rate) of mechanical lithotripsy
Mean duration of ERCP procedure (min)

The CBD stone clearance rate observed after the second session of ESWL + ERCP procedure and the total clearance rate differed significantly (aP < 0.05,
b
P < 0.05). The use of mechanical lithotripsy and ERCP procedure time also differed significantly between the two groups (cP < 0.05, dP < 0.05). ESWL:
Extracorporeal shock wave lithotripsy; ERCP: Endoscopic retrograde cholangiopancreatography; CBD: Common bile duct.

Table 3 Extraction methods and success rates after endoscopic
retrograde cholangiopancreatography
Extraction method
ESWL + ERCP
(n = 124)
Balloon or Dormia basket
96/99
Mechanical lithotripsy
23/25
Stone size
1.5-3.0 cm
102/104
≥ 3.0 cm
12/15
Total
119/124 (96.0%)

Success rate
ERCP only
(n = 107)

Table 4 Complications in the extracorporeal shock
wave lithotripsy + endoscopic retrograde cholangio
pancreatography group and the endoscopic retrograde
cholangiopancreatography-only group n (%)

P value
Complication

65/71
27/36

0.251
0.041a

90/93
4/10
92/107 (86.0%)

0.473
0.016b
0.029c

Post-ERCP
Pancreatitis (mild)
Cholangitis (mild)
Hemobilia (mild)
Bowel perforation
Procedure-related mortality
Post-ESWL
Purpuric spots
Skin ecchymosis
Splenic rupture
Lung trauma
Necrotizing pancreatitis
Procedure-related mortality

The use of mechanical lithotripsy differed significantly different between
the two groups ( aP < 0.05). The rate of successful clearance of stones
sized 1.5-3.0 cm was similar in the two groups, whereas the clearance
rate in patients with stones ≥ 3.0 cm and total stone clearance were
both greater in the ESWL + ERCP group (bP < 0.05, cP < 0.05). ESWL:
Extracorporeal shock wave lithotripsy; ERCP: Endoscopic retrograde
cholangiopancreatography.

ERCP only

P value

10/150 (6.7)
5/150 (3.3)
3/150 (2.0)
2/150 (1.9)
0
0
11/156 (7.0)
5/156 (3.2)
6/156 (3.8)
0
0
0
0

9/138 (6.5)
5/138 (3.6)
3/138 (2.2)
1/138 (0.7)
0
0

0.673
0.357
0.218
0.074

ESWL: Extracorporeal shock wave lithotripsy; ERCP: Endoscopic
retrograde cholangiopancreatography.

ESWL + ERCP group and 15 patients in the ERCP-only
group). Failure was due to either distal CBD strictures
or patient intolerance, and thus these patients were
subjected to repeated stenting or surgical treatment.
No additional data are available.

DISCUSSION
CBD stones may cause jaundice, cholangitis, pruritus
and biliary pancreatitis. The prevalence of CBD stones
increases with age and treatment is difficult. At
present, surgical choledochotomy is no longer always
the therapy of choice due to its invasive character
and associated morbidity and mortality. Since the
introduction of therapeutic ERCP in 1974, there has
been much progress regarding this procedure for
[11]
treating CBD stones . However, in clinical practice
it is not uncommon to see patients with large CBD
stones, which cannot be removed by such conventional
techniques. For difficult cases, various adjuvant
treatments such as ESWL, electrohydraulic lithotripsy
and lasers are recommended rather than just using a
[12]
mechanical lithotripter .
Kidney lithotriptors can be used when performing
ESWL of bile duct stones, and its efﬁcacy in treating
[13,14]
CBD stones has been reported in many studies
.
But for some difficult cases, fragmentation alone may
[15]
not be adequate because of size and other reasons .
Many researchers advised performing ERCP after
ESWL to facilitate ductal clearance and decompression,
clearing fragments and to address any ductal strictures
[16]
[17]
by balloon dilation with or without stenting . Tao et al

Complications

Post-ERCP complication rates were similar in the two
groups (6.7% vs 6.5%, P = 0.673). Complications
included pancreatitis (3.3% vs 3.6%, P = 0.357),
cholangitis (2.0% vs 2.2%, P = 0.218) and
haemorrhage (1.9% vs 0.7%, P = 0.074; Table 4).
Complications were mild with no serious consequences.
Some patients experienced discomfort related to the
presence of the NBT, but this was not recorded as a
complication. Pancreatitis and haemorrhage required
hospitalization for 1-3 d, while cholangitis was resolved
with antibiotic therapy. Intensive care or surgery was
not required for any of the patients. Complications
related to ESWL (11 cases, 7.0%) included purpuric
spots (5 cases, 3.2%) and skin ecchymosis (6 cases,
3.8%). These patients required no treatment and
the symptoms generally disappeared within a week.
Severe complications such as splenic rupture, ductal
perforation and necrotizing pancreatitis did not occur.
There was no procedure-related mortality among these
patients.
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reported that using cholecystokinin during ESWL can
facilitate endoscopic clearance of large CBD stones.
Therefore, ESWL overcomes the problem of the stone
size by fragmenting the stones and reducing the stone
burden, thus facilitating endoscopic clearance in the
following ERCP procedure. According to the literature,
complete clearance of CBD stones can be achieved in
[18,19]
40%-75% of the patients
.
[20]
Tandan et al
reported improved stone clearance
of large CBD stones using ESWL prior to ERCP. In
the study, patients with large CBD stones were
subjected to up to 7 ESWL sessions before CBD stones
were decomposed to fragments less than 5 mm in
diameter. The authors concluded that stones were
best fragmented at a kV intensity of 4 (range, 1 to a
maximum of 6, corresponding to 11000-16000 kV) and
a frequency of 90 shocks/min. Patients were subjected
to ESWL at a shock wave frequency of 90/min with
continuous saline irrigation contributing to the complete
fragmentation of CBD stones.
In our study, patients in the ESWL + ERCP group
were subjected to an ESWL session 4 h prior to ERCP.
The stones may or may not have been fragmented to
a size less than 5 mm in diameter; however, in each
case the following ERCP was performed as planned.
The results were satisfactory. Although the rate of
successful CBD clearance was similar in the first
treatment session between the two groups (74.2%
vs 71%, P = 0.135), a session of ESWL prior to
ERCP showed a higher clearance rate in the second
treatment session (84.4% vs 51.6%, P = 0.018) and
in the overall outcome (96.0% vs 86.0%, P = 0.029).
The rate of mechanical lithotripsy use also differed
between the two groups (20% vs 30%, P = 0.025),
potentially accounting for the statistical difference
observed in the relative duration of ERCP (43 ± 21 min
vs 59 ± 28 min, P = 0.034). Using the conventional
methods (balloon or basket), stone clearance was high
in both groups, while the removal of extremely large
stones and successful clearance rates of mechanical
lithotripsy differed significantly between the two groups
(20% vs 30%, P = 0.025; and 92.0% vs 75.0%, P =
0.041, respectively). Although these differences might
be due to various factors, such as the extent of ERCP,
the size of the stone and the dilating balloon, the shape
of the stone and the bile duct, we think that including
a session of ESWL prior to ERCP is an important tool
for reducing the rate of mechanical lithotripsy use and
ERCP procedure time. In addition, it shows promise
in terms of improving the clearance rate of extremely
large stones.
In previous studies, stone fragmentation and
clearance were influenced by the presence of a down
[21]
stream stricture, stone size and location . In our
study, there was no significant difference in complete
CBD stone clearance according to stone size or location,
or accompanying downstream stricture. Strictures in
the CBD were dilated using balloons in nearly all the
cases. Such procedures did not have any negative
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impact on stone clearance in our study. Several authors
reported that a stent should be placed for bile drainage
if CBD stones could not be removed in the first session
[22-24]
of ESWL
. Biliary stent placement has been
established as a convenient and minimally invasive
treatment for difficult stones, and we adopted it in our
series.
Post-ERCP complications such as moderate pan
creatitis, cholangitis and mild haemorrhage were similar
in the two groups and are consistent with previous
[25,26]
reports
. Post-ERCP pancreatitis is the most
common complication of ERCP despite technological
developments and improved endoscopist skill levels.
The possible causes of the low rate of pancreatitis
observed in the present study include proper patient
selection for ERCP with appropriate indications and
[27]
guidewire cannulation . In our study, the presence
of NBT helped us selectively cannulate CBD when
performing ERCP, thus avoiding cannulating and
excessive injection of the CBD. There was no increased
incidence of pancreatitis after ERCP in the ESWL +
ERCP group.
A number of rare and serious complications have
[28-31]
been reported following ESWL
. These include
perirenal hematoma, biliary obstruction, bowel per
foration, splenic rupture, lung trauma and necrotizing
pancreatitis. These severe complications did not occur
in our study, probably because of accurate targeting
achieved by the third-generation lithotripter and
reduced patient movement. Pain at the site of shock
wave delivery, skin ecchymosis, abdominal pain, occa
sional fever and hemobilia were observed in some
of our patients. These complications were mild and
minimal, all being managed conservatively without
extension of hospital stay.
A recurrence rate of 14% for post-ESWL CBD
[32]
calculi at 1-year follow-up has been reported .
Therefore, stones should be removed as completely as
possible. In our study we found that saline irrigation is
helpful and should be repeated several times until all
the bile drainage is completely clean.
ESWL appears to be a valid, low-cost technique
applicable to challenging bile duct stones and its
utilization may be extended to urology. Hence, the
same device can be used by different medical staff in
hospitals, thus reducing management costs.
The main limitation of our study was that we
evaluated short-term outcomes, such as successful
clearance in the first and second session of ESWL +
ERCP and complications of the procedure. However,
long-term follow-up of the failed cases was not
evaluated and included in this study. Second, the
interpretation of the degree of CBD clearance could
be subjective. Also, the treatment effect may be
influenced by the skills of the treating physician. Other
limitations include performing the study at only one
centre and the relatively small number of patients.
Further prospective randomized studies are therefore
needed to prove efficacy and evaluate cost efficacy.
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In conclusion, a session of ESWL prior to ERCP is an
excellent therapeutic modality for problematic and large
common bile duct stones, offering a high clearance
rate, particularly in terms of removing extremely large
CBD stones. This procedure moreover reduces the use
of mechanical lithotripsy and ERCP procedure time.
Therefore, we propose that a session of ESWL prior to
ERCP is an effective and safe treatment for endoscopic
removal of challenging and large CBD stones.
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Background

Extracorporeal shock wave lithotripsy (ESWL) uses electromagnetic waves to
fragment problematic and large bile duct stones when endoscopic retrograde
cholangiopancreatography (ERCP) fails. Fragmentation was considered
satisfactory when the stones were broken down to < 5 mm diameter. For the
patients in whom initial ERCP was unsuccessful, a session of ESWL before
ERCP may aid the clearance of common bile duct stones.

10

Research frontiers

11

The results obtained with third generation electromagnetic lithotripters are
optimal; however, technological improvements in lithotripters and other factors
favoring stone fragmentation may further enhance our performance.

12

Innovations and breakthroughs

The authors’ work emphasizes, in a wide patient population, that a session of
ESWL before ERCP is a safe and effective method to the clearance of bile duct
stones, and problematic and large common bile duct stone removal rate was
higher in the final outcome. Also mechanical lithotripsy usage was reduced.
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Applications

The study is of interest for physicians dealing with the common bile duct stones
and particularly those managing problematic and large stone that failed in the
first ERCP procedure. Based on these results, a session of ESWL before ERCP
was confirmed to be helpful in the treatment of problematic and large common
bile duct stones.
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Terminology

Mechanical lithotripsy is an effective method of fragmenting stones in the bile
duct. Retrieval basket, balloon catheter or passage dilating catheters are usual
methods to retract stones and dilate bile duct to facilitate endoscopic clearance
of stones.
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Peer-review

Overall, the study helps to evaluate the outcome of a session of ESWL before
ERCP in treatment of problematic and large common bile duct stones.
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AIM
To investigate genetic factors that might help define
which Crohn’s disease (CD) patients are likely to benefit
from anti-tumor necrosis factor (TNF) therapy.

Data sharing statement: The dataset is available from the
corresponding author at [s0gala01@louisville.edu]. Consent

METHODS
This was a prospective cohort study. Patients were
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recruited from a university digestive disease practice
database. We included CD patients who received antiTNF therapy, had available medical records (with
information on treatment duration and efficacy) and
who consented to participation. Patients with allergic
reactions were excluded. Patients were grouped as
ever-responders or non-responders. Genomic DNA
was extracted from peripheral blood, and 7 single
nucleotide polymorphisms (SNPs) were assessed. The
main outcome measure (following exposure to the
drug) was response to therapy. The patient genotypes
were assessed as the predictors of outcome. Possible
confounders and effect modifiers included age, gender,
race, and socioeconomic status disease, as well as
disease characteristics (such as Montreal criteria).

patients likely to benefit from anti-TNF therapy.
Netz U, Carter JV, Eichenberger MR, Dryden GW, Pan J, Rai
SN, Galandiuk S. Genetic polymorphisms predict response to
anti-tumor necrosis factor treatment in Crohn’s disease. World J
Gastroenterol 2017; 23(27): 4958-4967 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i27/4958.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i27.4958

INTRODUCTION
Crohn’s disease (CD) is a transmural chronic inflam
matory disease that can affect any part of the
alimentary tract, but which often involves the distal
ileum.
Anti-tumor necrosis factor-α (anti-TNF-α) mono
clonal antibodies are generally used for inducing and
maintaining remission and can be used alone or in
[1]
combination with other drugs . The most common
drugs in this group, for CD, are infliximab (chimeric
murine - human IgG1 monoclonal antibody targeting
TNF-α), adalimumab (fully humanized IgG1 antiTNF-α monoclonal antibody), and certolizumab pegol
(a humanized monoclonal Fab′ fragment with a high
[2,3]
binding affinity for TNF-α) .
Although the majority of patients benefit from antiTNF treatment, approximately one-third of patients
treated with an induction dose of anti-TNF do not
[3]
improve clinically, termed primary non-response . An
additional significant population who initially respond
to treatment eventually lose responsiveness, termed a
secondary non-response.
Identifying patients who will fail treatment with
anti-TNF agents is of significant importance both
from a clinical and economic perspective. Anti-TNF
drugs have been associated with an increased risk of
[4-6]
opportunistic infections, melanoma, and lymphoma .
Anti-TNF treatment is also very expensive, with 2013
annual per patient costs for adalimumab and infliximab
[7,8]
at approximately $25000 and $24000 respectively .
Factors associated with the success of anti-TNF
treatment include shorter disease duration, inflam
matory (as opposed to fibrostenotic) disease phenotype,
isolated colonic disease, young age, non-smoking
status, as well as a serum high C-reactive protein that
[9-11]
returns to normal after initiation of treatment
. Nonresponse can be due to multiple factors such as an
alternative non-TNF mediated pathway of inflammation,
due to a differential role of TNF in certain stages of
disease and/or due to the presence or development of
anti-drug antibodies. Additionally, individual differences
in drug bioavailability and pharmacokinetics can be
[9]
factors associated with non-response .
A possible conduit to predict response to anti-TNF
therapy could be through genetic testing. Several
genes have been implicated in the pathogenesis of

RESULTS
121 patients were included. Twenty-one were nonresponders, and 100 were ever-responders. Fas
ligand SNP (rs763110) genotype frequencies, TNF
gene -308 SNP (rs1800629) genotype frequencies,
and their combination, were significantly different
between groups on multivariable analysis controlling for
Montreal disease behavior and perianal disease. The
odds of a patient with a Fas ligand CC genotype being
a non-responder were four-fold higher as compared to
a TC or TT genotype (P = 0.009, OR = 4.30, 95%CI:
1.45-12.80). The presence of the A (minor) TNF gene
-308 allele correlated with three-fold higher odds of
being a non-responder (P = 0.049, OR = 2.88, 95%CI:
1.01-8.22). Patients with the combination of the Fas
ligand CC genotype and the TNF -308 A allele had
nearly five-fold higher odds of being a non-responder
(P = 0.015, OR = 4.76, 95%CI: 1.35-16.77). No
difference was seen for the remaining SNPs.
CONCLUSION
The Fas-ligand SNP and TNF gene -308 SNP are
associated with anti-TNF treatment response in CD and
may help select patients likely to benefit from therapy.
Key words: Anti-tumor necrosis factor; Fas ligand;
antibody; response; Crohn’s disease; single nucleotide
polymorphisms; genotype; tumor necrosis factor gene
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Predicting the subset of patients who do not
respond to anti-tumor necrosis factor (TNF) treatment
is important clinically and economically. Patients
with Crohn’s disease who received anti-TNF therapy
were grouped as ever-responders or non-responders.
Genomic DNA was extracted from peripheral blood,
and 7 single nucleotide polymorphisms (SNPs) were
assessed. 121 patients were included. Twenty-one
were non-responders, and 100 were ever-responders.
Fas ligand SNP (rs763110) genotype frequencies, TNF
gene -308 SNP (rs1800629) genotype frequencies, and
their combination, were significantly different between
groups on multivariable analysis and may help select

WJG|www.wjgnet.com

4959

July 21, 2017|Volume 23|Issue 27|

Netz U et al . Polymorphisms predict anti-TNF response in CD

DNA extraction

[12,13]

CD, including NOD2 and ATG16L1
. There is,
however, limited data on the ability to predict antiTNF treatment response in CD based upon genetic
data. Some genes have been investigated without
[14]
success . Our aim was to investigate genetic factors
that might help define which CD patients are likely to
benefit from anti-TNF therapy and permit efficient and
cost-effective treatment. We hypothesized that specific
single nucleotide polymorphism (SNP) genotypes
are associated with anti-TNF treatment response in
patients with CD. We chose to examine a series of
SNPs within genes that have been linked either with
CD and/or with anti-TNF treatment response in order
to determine whether these could aid in predicting
response to anti-TNF treatment in CD patients.

Peripheral blood was collected by venipuncture (after
written informed consent) in EDTA-vacutainers (BD,
Franklin Lakes, NJ, United States) and stored at 4 ℃
until further use.
Genomic DNA was extracted from blood samples
using the illustra GenomiPhi V2 DNA Amplification Kit
(GE Healthcare, Pittsburgh, PA, United States) using
[20]
the manufacturer's protocol . Briefly, the blood
was initially diluted with PBS buffer. Blood was then
lysed: 1 μL of diluted blood was lysed with 1 μL of cell
lysis solution (400 mmol/L KOH, 10 mmol/L EDTA,
100 mmol/L DTT), followed by the addition of 1 μl of
neutralization buffer (400 mmol/L HCl, 600 mmol/L
Tris-HCl, pH 7.5). Whole genome amplification was
then performed: 17 μl of master mix [7 μl sample
buffer, 9 μl reaction buffer, and 1 μl enzyme mix from
the illustra GenomiPhi V2 DNA Amplification Kit (GE
Healthcare, Pittsburgh, PA, United States)] was added
to each sample for a total reaction volume of 20 μl.
Amplification was performed according to the following
program: 30 ℃ for two hours, followed by 65 ℃ for
10 min, then cooled to 4 ℃. Following whole genome
amplification, DNA concentration was determined using
®
NanoDrop 2000 spectrophotometry. The samples
were diluted and stored at -20 ℃ until analysis.

MATERIALS AND METHODS
This study complies with the STROBE guidelines and the
[15]
extension for genetic association studies .

Patient recruitment and data collection

This is a prospective cohort study approved by the
University of Louisville Institutional Review Board. All
patients signed a written informed consent. Consecutive
patients with a diagnosis of CD were identified from
a large prospectively maintained genetic database,
from a large University digestive disease practice,
encompassing the period 1/1998 to 4/2016. Inclusion
criteria were CD patients who had received anti-TNF
therapy, and whose medical records were available,
with information about receipt of anti-TNF therapy,
its duration, efficacy, and cessation where applicable.
Included patients received appropriate drug doses
and had a follow-up of at least 12 mo following treat
[16,17]
ment initiation
. Patients were excluded if anti-TNF
treatment was stopped due to side-effects, local and/
or systemic allergy, or if it was impossible to distinguish
from the medical records whether the drug worked.
Additional data collected from the medical records
included gender, race, socioeconomic status (patient’s
zip code of residence was used to obtain median
household income based on United States census data
from the American Community Survey 2014 - 5 year
[18]
estimates) , surgical history, and clinical state of the
disease according to the Montreal classification for CD,
including age at diagnosis, location, disease behavior,
[19]
and the presence or absence of perianal disease .
The main outcome measure (following exposure to
the drug) was response to therapy. Participants were
grouped as ever-responders if they had initial response
to anti-TNF treatment (even if this was later lost due to
antibody formation) or non-responders in accordance
with the treating physician decision. The patient
genotypes (see below) were assessed as the predictors
of outcome. Possible confounders and effect modifiers
included age, gender, race, and socioeconomic status
disease, as well as disease characteristics (such as
Montreal criteria).
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SNP genotyping

SNPs selection: A PubMed literature search was
conducted using the keywords “tumor necrosis
factor-alpha”, “anti-TNF”, “infliximab”, “adalimumab”,
“polymorphism”, “Crohn’s disease”, “response”,
“biomarker” using Boolean operators (AND), (OR),
(NOT). Results were narrowed down to original studies
investigating SNPs including frequency of alleles and
genotypes for different groups. We included SNPs
that had demonstrated association with CD or antiTNF treatment, those that had biological relevance,
and those that had an expected minor allele frequency
≥ 5%. Both new genetic associations and previously
described efforts were investigated. SNPs were
excluded if they had been extensively investigated and
if there was no prognostic value for the combination of
CD and anti-TNF treatment response. As a result of this
search, the following seven SNPs within 5 genes were
selected for study and assessed in each patient’s DNA
sample: ATG16L1 (rs10210302, T300A rs2241880),
Fas ligand (-843 rs763110), IBD5 (rs2522057), FCGR
3A (rs396991), and TNF (-308 rs1800629, -238
rs361525).
®
SNP assessment was performed using TaqMan
®
predesigned genotyping assays (Life Technologies ,
[21]
®
Carlsbad CA) . The TaqMan genotyping assays were
diluted to a 20× working stock solution with 1× TE
buffer (10 mmol/L Tris-HCl, 1 mmol/L EDTA, pH 8.0, in
DNase-free, sterile-filtered water) and stored at -20 ℃,
as recommended by the manufacturer.
MicroAmpR Fast Optical 96-well reaction plates
(Applied Biosystems, Foster City, CA, United States)
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included in this study. Following this, characteristics
between ever-responders and non-responders in the
[23]
study group were then compared .
Hardy-Weinberg equilibrium was determined for
each SNP (Table 1). Univariable logistic regression
was modeled for the probability of anti-TNF treatment
failure for each covariate. Multivariable logistic re
gression models were used for separate SNPs and
covariates exhibiting a trend towards a significant
[24]
difference (p < 0.15) . Final models included OR and
95%CI. A p-value of < 0.05 was considered statistically
significant.
The statistical methods of this study were reviewed
by Pan J and Rai SN.

Table 1 Hardy weinberg equilibrium n (%)
Genotype distribution
SNP

Genotype

Frequency

CC
TC
TT
AA
GA
GG
CC
TC
TT
CC
GC
GG
AA
AC
CC
AA
GA
GG
AA
GA
GG

25 (21.0)
57 (47.9)
37 (31.1)
27 (22.5)
57 (47.5)
36 (30.0)
42 (36.5)
54 (47.0)
19 (16.5)
35 (29.2)
49 (40.8)
36 (30.0)
70 (58.3)
33 (27.5)
17 (14.2)
4 (3.4)
31 (26.1)
84 (70.6)
2 (1.7)
15 (12.5)
103 (85.8)

ATG16L1
rs10210302
ATG16L1 rs2241880

Fas Ligand
rs763110
IBD5 rs2522057

FCGR 3A rs396991

TNF gene (-308)
rs1800629
TNF gene (-238)
rs361525

Hardy Weinberg
equilibrium
Expected p value
frequency (n )
24
NS
59
36
26
NS
60
35
41
NS
55
18
29
0.045
60
31
62
0.0005
48
9
3
NS
33
83
1
NS
17
102

1

RESULTS
Patient demographics

Table 1 shows a flow diagram of patient selection; 121
patients were selected for study. Of these, 21 (17.4%)
patients were primary non-responders to anti-TNF
treatment and 100 (82.6%) patients were everresponders to anti-TNF treatment. A quarter of these
initial ever-responders (25/100) lost response at a
later time and were termed secondary non-responders.
The patient population was predominantly Caucasian
(92.6%), with a higher proportion of women (58.7%)
(Table 2). With regards to clinical parameters, 90/121
(74.4%) patients were diagnosed between the ages
of 17 and 40 years of age (Montreal A2). Most CD
patients, 74/121 (61.2%), had combined ileocolonic
disease (Montreal L3), whereas 15/121 (12.4%)
had isolated ileal disease (Montreal L1), and 32/121
(26.4%) had only colonic disease (Montreal L2). Only
3/121 (2.5%) patients had upper GI (Montreal L4)
involvement, all of whom were responders. Montreal L4
disease was analyzed separately from L1-3, due to the
fact that, according to the Montreal classification, it is
not mutually exclusive and can be added to any of the
other locations when concomitant upper GI disease is
[19]
present . The population was fairly evenly distributed
with respect to disease behavior with 36/121 (30%)
patients having non-stricturing, non-penetrating
disease (Montreal B1), 45/121 (37%) patients having
stricturing disease (Montreal B2), and 40/121 (33%)
patients having penetrating disease (Montreal B3).
In addition, 37 of 121 (31%) patients had perianal
disease (Montreal p designation). Table 2 shows the
clinical and demographic data of the participants, as
well as these data for the non-responder and everresponder groups. None of the clinical or demographic
characteristics were significantly different between
these 2 groups.

1

calculated using χ ². TNF: tumor necrosis factor; SNPs: single nucleotide
polymorphisms.

were used. Six microliters of master mix was used
®
for each assay (5.5 μl of TaqMan Universal Master
Mix Ⅱ, no UNG [Applied Biosystems™] together with
®
0.5 μl of 20 × working assay [TaqMan predesigned
Genotyping Assays]). Five microliters of DNA (4.5
ng/μl) was added to the plate. PCR reactions were
®
performed using a Step-One Plus RT-PCR System
®
(Life Technologies , Carlsbad, CA, United States) and
the following program: 95 ℃ for 10 min, followed by
40 cycles of 95 ℃ for 15 s, and then 60 ℃ for 1 min.
®
Analysis was performed using Step-One Plus software
v2.1 (applied Biosystems, Foster City, CA, United
States). Each genotype was independently assigned
by two investigators. In cases of disagreement,
assignment was reached by consensus. All laboratory
work and genotyping was done at the Price Institute of
Surgical Research, Louisville Kentucky, United States.

Statistical analysis

Descriptive and analytical statistics were performed
[22]
using SAS version 9.4 statistical software . Genotype
frequencies, demographic, and disease characteristics
2
were compared using a χ test (or Fisher’s exact test
for 2 × 2 tables). Socioeconomic status was calculated
according to the national percentile of the patient’
s median household income divided into quartiles
(0-25, 26-50, 51-75 and 76-100) and compared using
2
a χ test. Comparison of continuous variables was
performed using a two-sample t-test or ANOVA. In
order to explore for the presence of bias in the cohort,
a group of contemporary subjects who did not receive
anti-TNF treatment were compared with patients

WJG|www.wjgnet.com

Presence of bias

When comparing the characteristics of the patients
who received anti-TNF treatment and included in the
study (n = 121) with those who did not receive antiTNF treatment (n = 152) in order to ascertain the
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Table 2 Clinical and demographic patient characteristics n (%)
Variables

Total

Total
Patient demographics
Gender
Female
Male
Race
Caucasian
African American
Socioeconomic status1
1st Quartile
2nd Quartile
3rd Quartile
4th Quartile
Montreal classification
Age of onset (A)
A1 - below 16 years old
A2 - between 17 and 40 years old
A3 - above 40 years old
Location (L)
L1 - ileal
L2 - colonic
L3 - ileocolonic
Location (L4) upper
No upper GI disease
L4 - upper GI disease
Behavior (B)
B1 - non-stricturing, non-penetrating
B2 - stricturing
B3 - penetrating
Behavior (p) perianal disease
No perianal disease
p - perianal disease present
Anti-TNF treatment type
Drugs received
Infliximab
Adalimumab
Infliximab and Adalimumab2
Certolizumab pegol

p value

Anti-TNF treatment
Non-responders

Ever responders

121 (100)

21 (17)

100 (83)

NA

71 (59)
50 (41)

15 (71)
6 (29)

56 (56)
44 (44)

NS

112 (93)
9 (7)

21 (100)
0 (0.0)

91 (91)
9 (9)

NS

24 (20)
40 (33)
29 (24)
28 (23)

4 (19)
6 (29)
3 (14)
8 (38)

20 (20)
34 (34)
26 (26)
20 (20)

NS

14 (12)
90 (74)
17 (14)

1 (5)
17 (81)
3 (14)

13 (13)
73 (73)
14 (14)

NS

15 (12)
32 (26)
74 (61)

1 (5)
5 (24)
15 (71)

14 (14)
27 (27)
59 (59)

NS

118 (98)
3 (2)

21 (100)
0 (0)

97 (97)
3 (3)

NS

36 (30)
45 (37)
40 (33)

4 (19)
12 (57)
5 (24)

32 (32)
33 (33)
35 (35)

0.1

84 (69)
37 (31)

18 (86)
3 (14)

66 (66)
34 (34)

0.08

46 (38)
45 (38)
29 (24)
5

10 (48)
5 (24)
6 (29)
0

36 (36)
40 (40)
23 (23)
5

NS

1

Calculated according to the national percentile of median household income; 2Received sequentially. TNF: tumor necrosis factor.

TNF gene demonstrated a trend towards correlation
with response to anti-TNF treatment (P = 0.088) when
grouping genotypes AA and GA compared to genotype
GG (P = 0.093, OR = 2.29, 95%CI: 0.85-6.17).
The vast majority of participants were Caucasian.
Only 9 patients were African American, all of whom
were ever-responders. Analyzing the Caucasians
separately as a sensitivity analysis achieved similar
results for the grouped Fas ligand SNP (P = 0.029)
and for the grouped -308 TNF gene SNP (P = 0.049).
No significant difference was observed for the re
maining SNPs studied: ATG16L1 (rs10210302, T300A
rs2241880), IBD5 (rs2522057), FCGR 3A (rs396991),
and TNF (-238 rs361525).
Results of the univariable comparisons are shown
in Table 5. In univariable analyses, the Fas ligand SNP
(rs763110) demonstrated a difference between everresponders and non-responders with borderline sig
nificance (P = 0.058) and significance when grouping
TC and TT genotypes together (P = 0.020). The

presence of bias, no difference was found in 3 of the
4 variables examined: gender (P = 0.27), race (P =
0.95), or socioeconomic status (P = 0.23). The patients
included in the study who received anti-TNF treatment
were, however, younger (41.6 years old, 95%CI:
39.2-44.0) than those that did not receive anti-TNF
treatment (49.4 years old, 95%CI: 47.1-51.7) (p <
0.001).
We assessed 7 different SNPs associated with 5
different genes and observed less than 5% technical
failure rate in all assays. Table 3 shows the SNPs
tested as well as their genotype and allele distribution.
Comparison of genotypes between ever responders
and non-responders (Table 4) identified a significant
difference in the Fas ligand SNP rs763110 genotypes (P
= 0.042). Patients with a CC genotype (as compared
to those with a TC or TT genotype) were more likely
to be non-responders to anti-TNF treatment, (P =
0.016; OR = 0.31, 95%CI: 0.11-0.83). Genotypes of
another SNP, such as -308 (rs1800629), within the
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Table 3 Single nucleotide polymorphisms tested with genotype and allele distribution for entire patients group n (%)

SNP

Location relative to gene
(Chromosome number)

Nucleotide
change

Assay
successful

ATG16L1 rs10210302

2 kb upstream (2)

C/T

119 (98)

ATG16L1 rs2241880

Thr300Ala (2)

A/G

120 (99)

FAS ligand rs763110

-843 (1)

C/T

115 (95)

Intergenic region (5)

C/G

120 (99)

Phe175Val (1)

C/G

120 (99)

TNF gene (-308) rs1800629

promotor region (6)

A/G

119 (98)

TNF gene (-238) rs361525

promotor region (6)

A/G

120 (99)

IBD5 rs2522057

FCGR 3A rs396991

Genotype distribution
Genotype
Frequency
CC
TC
TT
AA
GA
GG
CC
TC
TT
CC
GC
GG
AA
AC
CC
AA
GA
GG
AA
GA
GG

25 (21.0)
57 (47.9)
37 (31.1)
27 (22.5)
57 (47.5)
36 (30.0)
42 (36.5)
54 (47.0)
19 (16.5)
35 (29.2)
49 (40.8)
36 (30.0)
70 (58.3)
33 (27.5)
17 (14.2)
4 (3.4)
31 (26.1)
84 (70.6)
2 (1.7)
15 (12.5)
103 (85.8)

Allele distribution
Allele
Frequency
Total
C
T
Total
A
G
Total
C
T
Total
C
G
Total
A
C
Total
A
G
Total
A
G

238
107 (45.0)
131 (55.0)
240
111 (46.3)
129 (53.7)
230
138 (60.0)
92 (40.0)
240
119 (49.6)
121 (50.4)
240
173 (72.1)
67 (27.9)
238
39 (19.6)
199 (80.4)
240
19 (7.9)
221 (92.1)

TNF: tumor necrosis factor; SNPs: single nucleotide polymorphisms.

Table 4 Single nucleotide polymorphism genotypes according to anti-tumor necrosis factor treatment response
SNP

Genotype

ATG16L1 rs10210302

ATG16L1 rs2241880

FAS Ligand rs763110

FAS Ligand rs763110 (grouped)
IBD5 rs2522057

FCGR 3A rs396991

TNF gene (-308) rs1800629

TNF gene (-308) rs1800629 (grouped)
TNF gene (-238) rs361525

CC
TC
TT
AA
GA
GG
CC
TC
TT
CC
TC + TT
CC
GC
GG
AA
AC
CC
AA
GA
GG
AA + GA
GG
AA
GA
GG

Anti-TNF treatment response
Non-responders

Responders

5 (25.0)
9 (45.0)
6 (30.0)
5 (23.8)
10 (47.6)
6 (28.6)
12 (60.0)
5 (25.0)
3 (15.0)
12 (60.0)
8 (40.0)
6 (28.6)
9 (42.9)
6 (28.6)
11 (52.4)
6 (28.6)
4 (19.0)
2 (10.0)
7 (35.0)
11 (55.0)
9 (45.0)
11 (55.0)
0 (0.0)
2 (10.0)
18 (90.0)

20 (20.2)
48 (48.5)
31 (31.3)
22 (22.2)
47 (47.5)
30 (30.3)
30 (31.6)
49 (51.6)
16 (16.8)
30 (31.6)
65 (68.4)
29 (29.3)
40 (40.4)
30 (30.3)
59 (59.6)
27 (27.3)
13 (13.1)
2 (2.0)
24 (24.2)
73 (73.7)
26 (26.3)
73 (73.7)
2 (2.0)
13 (13.0)
85 (85.0)

p value1
NS

NS

0.042

0.016 OR = 3.23, 95%CI: 1.20-8.78
NS

NS

0.088

0.093 OR = 2.29, 95%CI: 0.85-6.17
NS

1

calculated using χ ². TNF: tumor necrosis factor; SNPs: single nucleotide polymorphisms.

comparison of -308 SNP (rs1800629) genotypes
between ever-responders and non-responders (P =
0.130) became more different when grouping AA
and GA genotypes together (P = 0.099). Univariate
variables with p < 0.15 were included in the multiv
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ariable analysis for the comparison between anti-TNF
treatment ever-responders and non-responders. Both
Montreal disease behavior (P = 0.125) and perianal
disease classification (P = 0.086) were included in the
multivariable analysis.
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analysis, the odds of a patient with a Fas ligand CC
genotype being a non-responder were four-fold higher
as compared with a TC or TT genotype (P = 0.009,
OR = 4.30, 95%CI: 1.45-12.80), when controlling for
both Montreal disease behavior and perianal disease
classification.
Abnormal regulation of apoptosis is one of the mecha
nisms of CD pathogenesis. Apoptosis (programmed
cell death) can be induced through both extrinsic and
[25]
intrinsic pathways . The extrinsic pathway is controlled
through plasma membrane receptors belonging to
the TNF receptor superfamily that include, among
others, the Fas/Fas ligand which has been implicated
[26,27]
in inflammatory bowel disease (IBD)
. The SNP that
we examined (rs763110) in the -843 position, which
was located in a binding motif for the transcription factor
CAAT/enhancer-binding protein β, has been implicated
in carcinogenesis through the dysregulation of
[28]
apoptosis . Higher basal expression of Fas ligand has
been significantly associated with the C allele compared
[29]
with the T allele of this SNP . The mechanism of action
of anti-TNF drugs is complex; affecting many pathways,
[30]
involving both soluble and membrane - bound TNF .
Currently, anti-TNF treatments have not been linked
directly with Fas ligand; however, an interaction is
possible either directly with the Fas ligand or indirectly
by affecting the cells upon which the Fas ligand acts.
[31]
Hlavaty et al examined response to infliximab and the
Fas ligand (rs763110) SNP and found the TT genotype
to be correlated with non-response.
The TNF gene SNP was also found to be asso
ciated with response to anti-TNF treatment. Two
polymorphisms: -308 (rs1800629) and -238 (rs361525),
both in the promotor region have previously had
conflicting data reported with respect to response
to anti-TNF treatment in rheumatoid arthritis and
[11,32-35]
in IBD
. The -308 (rs1800629) SNP has been
shown previously to affect regulation of TNFα syn
thesis, with the minor allele (A) being a powerful
transcriptional activator associated with increased
[36,37]
TNFα production with the common allele (G)
. Our
study demonstrated a possible correlation with antiTNF treatment response with the -308 (rs1800629)
SNP. Separately, -308 (rs1800629) when examined by
itself demonstrated only a trend towards significance,
but when combined with disease behavior and perianal
disease, a significant correlation was demonstrated (P
= 0.049, OR = 2.88, 95%CI: 1.01-8.22). The presence
of the AA and GA genotypes (A being the minor allele)
was correlated with non-response, implying a 2.88
higher odds of being a non-responder to anti-TNF
treatment if the patient has an A allele. The fact that
the A allele is observed fairly infrequently (19.6% in
[38]
our study, and 9%-16% in others ) may explain
the borderline statistical significance of this finding.
Patients with the combination of the Fas ligand CC
genotype and the TNF -308 A allele had nearly five-fold
higher odds of being non-responders (P = 0.015, OR =
4.76, 95%CI: 1.35-16.77). This combination gives an

Table 5 Univariable logistic regression data regarding factors
associated with anti-tumor necrosis factor treatment failure
p value

Covariate
Demographic variables
Gender
Race
Montreal Classification
Age of onset (A) Montreal
Location (L) Montreal
Location (L4) upper GI Montreal
Behavior (B) Montreal
Behavior (p) perianal Montreal
SNP variables
ATG16L1 rs10210302
ATG16L1 rs2241880
FAS Ligand rs763110
FAS Ligand rs763110 (TC + TT grouped)
IBD5 rs2522057
FCGR 3A rs396991
TNF gene (-308) rs1800629
TNF gene (-308) rs1800629 (AA + GA grouped)
TNF gene(-238) rs361525

NS
NS
NS
NS
NS
0.131
0.091
NS
NS
0.0571
0.021
NS
NS
0.131
0.0991
NS

1

Covariates included in the subsequent multivariable analysis. TNF:
tumor necrosis factor; SNPs: single nucleotide polymorphisms.

Logistic multivariable regression models were
developed for the Fas ligand (rs763110) SNP, the TNF
gene -308A/G (rs1800629) SNP, and their combination.
The multivariable logistic regression models included
genotype data for each of these two SNPs (with
genotypes grouped as described above), the Montreal
disease behavior classification, and the Montreal
perianal disease classification (Table 6). The Fas ligand
SNP (rs763110) CC genotype was predictive of nonresponse, as compared to the TC and TT genotypes
(P = 0.009, OR = 4.30, 95%CI: 1.45-12.80). In the
-308 TNF gene (rs1800629) SNP multivariable model,
the AA and GA genotypes were significantly predictive
of non-response as compared to the GG genotype
(P = 0.049, OR = 2.88, 95%CI: 1.01-8.22). Patients
with the combination of the Fas ligand (rs763110)
CC genotype and presence of the TNF -308 A allele
(genotypes AA or GA as opposed to GG) had nearly
five-fold higher odds of being non-responders (P =
0.015, OR = 4.76, 95%CI: 1.35-16.77). This occurred
in 16 (13%) of our patients. Montreal disease behavior
and the presence of perianal disease were not found to
be predictive in any of the multivariable models.

DISCUSSION
We identified two SNPs, Fas Ligand SNP (rs763110)
and the TNF gene -308 (rs1800629), as being asso
ciated with CD patient response to anti-TNF treatment.
The Fas ligand SNP (rs763110) genotype fre
quencies were significantly different between nonresponders and ever-responders (P = 0.042). This
association became more significant when grouping
the TC and TT genotypes as compared to the CC
genotype (P = 0.016). According to our multivariable
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Table 6 Multivariable logistic regression models predicting anti-tumor necrosis factor treatment failure
Model
a

Variable

Class

Estimate

Global p value

OR (95%CI)

FAS ligand rs763110 (TC + TT grouped)

CC
TC+TT
B1
B2
B3
No
Yes
AA+GA
GG
B1
B2
B3
No
Yes
CC and AA or GA
Other
B1
B2
B3
No
Yes

1.460
0
-0.083
1.158
0
0.964
0
1.056
0
-0.153
0.826
0
1.213
0
1.560
0
-0.022
0.950
0
0.970
0

0.009

4.30 (1.45-12.80)

NS

0.92 (0.21-3.96)
3.18 (0.89-11.34)

NS

2.62 (0.68-10.09)

0.049

2.88 (1.01-8.22)

NS

0.86 (0.20-3.59)
2.28 (0.68-7.61)

NS

3.36 (0.87-12.93)

0.015

4.76 (1.35-16.77)

NS

0.98 (0.23-4.22)
2.59 (0.73-9.17)

NS

2.64 (0.69-10.10)

Montreal behavior (B)

Montreal behavior (p) perianal
b

TNF gene (-308) rs1800629 (AA+GA grouped)
Montreal Behavior (B)

Montreal Behavior (p) perianal
c

FAS ligand (CC genotype) and TNF gene -308
(AA or GA genotype) combined
Montreal behavior (B)

Montreal behavior (p) perianal

explained by the fact that younger patients tend to
[1]
have a more severe disease and would probably
require anti-TNF drugs more frequently. Since patients
were comparable in other aspects, we believe there
was no selection bias. All CD patients were followed
by gastroenterologists and surgeons, and as such,
had a higher incidence of complicated CD. This may
be a source of potential bias. This may also explain
why we did not observe a difference with respect to
likelihood of anti-TNF treatment response and disease
[9]
behavior which has been observed in prior studies .
The clinical allocation into groups was performed by
experienced clinicians (Galandiuk S, Dryden GW),
who deal with this population on a daily basis. The
assessment was made on the basis of the patient
history, physical exam, patient follow-up, lab-work
and endoscopy/pathology when clinically indicated.
This study assessed non-response (no improvement
whatsoever) vs ever-response. Since this was not a
formal clinical trial and since only a quarter of patients
had colonic disease, colonoscopy was not performed at
defined intervals, but at the discretion of the treating
physician. This could be a source of bias, but we
believe that clinical assessments based on the above
criteria are valid.
In summary, identification of patients whose antiTNF treatment will fail is important, both from a clinical
and from an economic perspective. We have identified
two functional SNPs, Fas ligand (rs763110) and the
TNF gene -308 (rs1800629), associated with nonresponse to anti-TNF treatment. Genotyping these
SNPs from DNA obtained from peripheral blood may
help define which CD patients are likely to benefit from
anti-TNF therapy and permit efficient and cost-effective
treatment by avoiding expensive therapy that is likely
to fail and permitting selection of other treatments

additive effect compared to each SNP separately, most
likely acting by different mechanisms. Considering that
they are also found on different chromosomes (1 and 6),
they are also in all probability inherited independently.
The -238 TNF gene SNP (rs361525) did correlate with
response to anti-TNF treatment. This combination was
found in 16 patients in our study (13%).
The ATG16L1 gene has been well described in CD
[39]
and has an important role in autophagy . A SNP in
this gene (rs2241880) has been linked to diminished
[40]
autophagy, predisposing to CD . Our study did not
show an association with anti-TNF treatment response for
this SNP, nor for another SNP on this gene (rs10210302)
that had shown promise as a predictor for response to
[41]
adalimumab in Slovenian CD patients .
Another region, the 5q31 gene cluster (IBD5),
has been described to confer CD risk in some popula
[42-44]
tions
. A SNP in this cluster (rs2522057) may be
[45]
associated with response to infliximab in CD . We were,
however, unable to demonstrate such a correlation.
Antibody-dependent cell-mediated cytotoxicity
is important in the mechanism of action of anti-TNF
drugs. It requires leukocyte receptors for the Fc portion
of IgG. A polymorphism (rs396991) in the gene
encoding FCGR 3A expressed on macrophages and
natural killer cells was associated with the response
[46]
to rituximab in follicular non-Hodgkin’s lymphomas .
This polymorphism has also been associated with the
[47]
response to infliximab in CD , but this was not able
to be confirmed in our study.
Our study population included patients from a large
university digestive practice. The patients included in
the study and receiving anti-TNF drugs were younger
than the excluded non-anti-TNF treated patients but
were comparable with respect to race, gender, and
socioeconomic status. Their younger age can be
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more likely to succeed.
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Abstract
AIM
To obtain a reference range of morphological indices
and establish a formula to accurately predict standard
liver volume (SLV) in Chinese adults.
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METHODS
Computed tomography (CT)-estimated total liver
volume (CTLV) was determined in 369 Chinese adults.
Age, sex, body weight, body height, body mass index,
and body surface area (BSA) were recorded using CT.
Total splenic volume, portal venous diameter (PVD),
splenic venous diameter (SVD), and portal venous
cross-sectional area (PVCSA) were also measured by
CT. Stepwise multiple linear regression analysis was
performed to evaluate the impact of each parameter on
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Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
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while a graft that is too small may cause postoperative
small-for-size syndrome, primary non-function, and
[4-6]
even severe liver failure
. Therefore, accurate
estimation of total liver volume (TLV) is an important
consideration for clinical condition assessment, phar
macological applications, and a variety of surgeries,
especially liver transplantation.
Although liver volume can be measured by the
water overflow method or calculated indirectly by
[7]
liver weight , these methods are limited to autopsy
or intraoperative use. Numerous other methods have
been developed for noninvasive measurement of liver
[8]
volume based on imaging, including ultrasonography ,
computed tomography (CT), and magnetic resonance
[1,9,10]
imaging (MRI)
. CT volumetric analysis is the
most frequently used among these methods. The
development of helical CT, refinements in imaging
techniques, and the availability of sophisticated
software for three-dimensional reconstruction has
improved the estimation deviation of liver volume to
[11,12]
within 5%
. Thus, CT liver volumetry is considered
the gold standard for measuring TLV. Measurement
of liver volumes based on CT analysis is also used in
[6,13-15]
[16,17]
liver resection
and transplantation
. However,
the associated post-procedural image processing of
CT volumetry is costly, time-consuming, and has not
yet been successfully automated, which are obstacles
in some clinical settings, particularly in developing
countries.
Due to the large variability in liver size based on
race, sex, body shape and body size, the difference in
actual liver volume and standard liver volume (SLV)
[1,8,18,19]
is considered more sensitive than TLV alone
.
Therefore, it is important to establish SLV criteria
[20]
for healthy individuals. Since DeLand et al
first
presented their formula for calculating liver size,
at least 15 other formulas have been proposed for
estimating SLV. However, as yet, no single formula
is statistically comparable with the TLV for the
absolute volume and the percentage error reported
[18]
by Pomposelli et al . Furthermore, the SLV formulas
derived from various ethnic groups may not be
comparable with each other. Indeed, discrepancies
have been observed between formulas for various
[18,19]
Asian populations
. Thus, at present there are
no formulas for assessing SLV that are generally
[18,19]
accepted in Chinese or Western centers
. Other
morphological indices, including total splenic volume
(TSV), portal venous diameter (PVD), splenic venous
diameter (SVD) and portal venous cross-sectional
area (PVCSA), have been used as indirect measures
of portal vein (PV) pressure. However, as for TLV,
differences in race, sex, body shape and size, and
measurement method can also affect these indices.
The aim of this study was to obtain a reference range
of TLV and other morphological indices for healthy

CTLV and to develop a new SLV formula. The accuracy
of the new formula was compared with the existing
formulas in a validation group.
RESULTS
3
The average CTLV was 1205.41 ± 257.53 cm (range,
3
593.80-2250.10 cm ). The average of PVD, SVD and
PVCSA was 9.34 ± 1.51 mm, 7.40 ± 1.31 mm and
2
173.22 ± 48.11 mm , respectively. The CT-estimated
splenic volume of healthy adults varied markedly (range,
3
46.60-2892.30 cm ). Sex, age, body height, body
weight, body mass index, and BSA were significantly
correlated with CTLV. BSA showed the strongest
correlation (r = 0.546, P < 0.001), and was used to
3
establish a new model for calculating SLV: SLV (cm ) =
2
2
758.259 × BSA (m )-124.272 (R = 0.299, P < 0.001).
This formula also predicted CTLV more accurately
than the existing formulas, but overestimated CTLV in
elderly subjects > 70 years of age, and underestimated
3
liver volume when CTLV was > 1800 cm .
CONCLUSION
Our new BSA-based formula is more accurate than
other formulas in estimating SLV in Chinese adults.
Key words: standard liver volume; reference range;
morphological indices; Chinese adults
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.
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inoperable non-small cell lung cancer. Selenium proved
to be well tolerated and led to significantly reduced
rates of myelosuppression.
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INTRODUCTION
Liver volume, which can indirectly reflect liver function,
is an important clinical indicator of liver disease.
Changes in liver volume correlate with the prognosis
and severity of liver cirrhosis, and a lower mean liver
[1-3]
volume was observed in Child-Pugh C patients . In
liver transplantation, liver graft volume is one of the
major factors determining outcome. A liver graft that
is too large for the recipient will lead to poor perfusion,
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Chinese adults, and to establish a new formula for
assessing SLV in the Chinese population that is more
accurate than current formulas.

supervision of an experienced radiologist using an
image-analysis program (Phillips Intellispace Portal
Workstation; Philips Medical Systems). CTLV and CTSV
were obtained as a summation by manually tracing
the boundaries on each transverse image, avoiding
the large vessels, gallbladder, and fissures. PVD and
PVCSA were measured at the midpoint between the
portal bifurcations and the venous confluences, while
SVD was detected at the point 1 cm proximal to the
confluence of the PV and splenic vein.

MATERIALS AND METHODS
Data source

Patients who underwent CT examination between
October 2014 and January 2016 in Shanghai Chang
zheng Hospital, Shanghai, China and who met the
following criteria were included in the analysis.
Eligibility criteria were as follows: (1) > 18 years of
age; (2) normal liver function and no history of liver
disease; and (3) either sex. Exclusion criteria were: (1)
presence of hepatitis B or hepatitis C virus infection,
alcoholic liver disease, non-alcoholic fatty liver disease,
autoimmune liver disease, and hepatitis caused by
other etiology; (2) liver cirrhosis or other liver diseases;
(3) patients with confirmed or highly suspected
diagnosis of primary or secondary liver cancer; (4)
history of diseases affecting TLV or total spleen
volume, such as cysts, hemangioma, and other benign
lesions in the liver and spleen (1 cm in diameter, and
2 in number), hematologic diseases, connective tissue
disorders, or history of severe infectious diseases;
and (5) conditions with a hemodynamic effect on the
PV, including PV thrombosis, embolism, or sponge
appearance change.
A total of 244 subjects were included to establish
a new formula. A further 125 subjects were included
to validate the formula. For each subject, body weight
(BW; kg) and body height (BH; m) were recorded at
the time of CT examination. Body mass index (BMI)
2
was calculated as: BMI = BW/BH . Body surface area
[21]
(BSA) was calculated using Mosteller’s formula
as
follows: BSA = BW (kg) × BH (cm)/3600.
The study protocol was reviewed and approved
by the Institutional Ethics Committee of Shanghai
Changzheng Hospital, and all subjects provided signed
informed consent.

Liver volume calculated using previous formulas

In the validation group, CTLV was measured as above,
and SLV was calculated using our new formula and
seven other previously reported formulas. The detailed
information of each formula is shown in Supplementary
Table 1.

Statistical analysis

All analytical tests were performed using SPSS 21 (IBM
SPSS, Chicago, IL, United States). Data are expressed
as mean ± SD. The correlations between CTLV and
age, sex (men = 1, women = 0), BW, BH, BSA, and
BMI were analyzed by Pearson correlation analysis.
Stepwise multiple linear regression analysis was
performed to evaluate the impact of each parameter
and to develop a new equation that more accurately
predicted CTLV. CTLV was compared with SLV
calculated by formulas using a t-test, with absolute
volume and percentage error as (SLV - CTLV)/CTLV
× 100. We used ± 10% and ± 15% as acceptable
ranges for differences between estimated SLV and
[18,22]
CTLV
, and the proportions of the estimates within
these acceptable ranges were determined for each SLV
formula. All statistical analyses were two-tailed, and
P values less than 0.05 were considered to indicate
statistical significance.

RESULTS
Characteristics and CTLV of Chinese adults

Assessment of TLV using CT

A total of 244 healthy adults (138 men and 106
women) were enrolled to establish the new SLV
formula. The mean age was 48.81 ± 12.00 years, with
no differences in age between the sexes (48.81 ± 12.00
years vs 48.00 ± 12.49 years, respectively; P = 0.355).
Anthropometric data, including BH, BW, BMI and BSA,
are shown in Table 1. The mean BH and BW of men
were larger than those of women (BH: 172.10 ± 4.95
vs 161.04 ± 4.04, respectively; BW: 70.86 ± 9.35 vs
58.32 ± 8.47, respectively; P < 0.001 for both). BMI
and BSA were also significantly different between the
sexes (Table 1). The average CTLV in all subjects was
3
3
1194.31 ± 238.25 cm (range, 593.80-2250.10 cm ).
Eleven of 138 men and 26 of 206 women had a liver
volume smaller than 80% of the mean volume (955.4
3
cm ), while 33 men and 7 women had a liver volume

Patients were examined using a multi-slice spiral CT
scanner (Brilliance 256-slice spiral CT scanner; Philips
Medical Systems, the Netherlands) with a collimating
reconstruction thickness of 1 mm and an interval of 1
mm. Abdominal contrast-enhanced CT was completed
by professional technicians in accordance with standard
operating procedures. To improve the quality of ex
aminations, patients were placed in the supine position
and trained to hold their breath to reduce breathing
and movement artifacts during scanning.
The morphological indices assessed included CT
estimated TLV (CTLV), CT-based total splenic volume
(CTSV), PVD, SVD, and PVCSA. These variables were
measured on portal phase images by two medical
students blinded to the clinical results under the
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Table 1 Physical characteristics and computed tomography estimated total liver volume in Chinese healthy adults
Total, n = 244
Age, yr
Body height, cm
Body weight, kg
BMI, kg/m2)
BSA, m2
CTLV, cm3

Male, n = 138

48.8 ± 12.00 (18-88)
167.29 ± 7.14 (148-185)
65.41 ± 10.92 (38-96)
23.29 ± 3.06 (15.63-35.16)
1.74 ± 0.17 (1.25-2.21)
1194.31 ± 238.25 (593.80-2250.10)

49.4 ± 11.59 (18-81)
172.10 ± 4.95 (156-185)
70.86 ± 9.35 (49-96)
23.91 ± 2.95 (17.16-35.16)
1.84 ± 0.13 (1.47-2.21)
1268.32 ± 228.09 (815.10-2250.10)

Female, n = 106
48.0 ± 12.49 (18-88)
161.04 ± 4.04 (148-172)
58.32 ± 8.47 (38-80)
22.47 ± 3.02 (15.63-30.04)
1.61 ± 0.13 (1.25-1.94)
1097.96 ± 216.60 (593.80-2005.80)

P value
0.355
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

BMI: Body mass index; BSA: Body surface area; CTLV: Computed tomography estimated total liver volume.

[11]

larger than 120% of the mean volume. As expected,
there was a significant difference in CTLV between men
and women (1268.32 ± 228.09 vs 1097.96 ± 216.60
3
cm , respectively; P < 0.001), which may be related to
the difference in body frame between men and women.

lowest percentage error. However, Urata’s formula
is the most frequently used worldwide. Therefore,
we selected these three formulas plus four others
[24-27]
established in the Chinese population
and
compared these with our new formula in the validation
group (n = 125). Although the root of the mean
predicted residual sum of squares and the intraclass correlation were similar between all formulas,
only Urata’s, Fu-Gui’s, and our new formula had a
mean percentage error of SLV vs CTLV lower than
± 10%. Our new formula and Urata’s formula were
the most accurate for assessing absolute volumes,
which were very close to the CTLV. In contrast, the
mean absolute values of difference calculated by
3
the other six formulas were > 100 cm . Indeed, our
3
formula underestimated the mean SLV by < 10 cm
compared with the mean CTLV, while the average
3
deviation of Urata’s formula was 37 cm (Table 4).
Nevertheless, there were no significant differences
between the mean liver volume estimated by either
of these formulas and the CTLV. Furthermore, the
SLV derived from our formula showed almost perfect
agreement with liver volume using Urata’s formula
2
(R = 0.993, P < 0.001, Figure 2). Our new formula
showed the highest proportion of estimated SLV with
percentage errors compared with CTLV for both levels
of agreement, which was greater than that for Urata’
s formula (60.8% vs 57.6%, and 44.0% vs 20.8%,
respectively, Table 5).

CTSV, PVD, SVD and PVCSA in Chinese adults

We also measured CTSV, PVD, SVD and PVCSA in
Chinese adults using CT (Table 2). The average CTSV
3
in healthy Chinese adults was 210.48 ± 224.07 cm
3
(range, 46.60-2892.30 cm ), with large individual
variations observed (Table 2). The mean PVD, SVD
and PVCSA were 9.34 ± 1.51 mm, 7.40 ± 1.31 mm
2
and 173.22 ± 48.11 mm , respectively. Three of 213
subjects had a PV larger than 13 mm, the widely
referenced upper limit. There were no differences
in CTSV or SVD between men and women. Pearson
correlation analysis showed that CTSV was not
associated with anthropometric indices, including sex,
BH, BW, BMI or BSA (Supplementary Table 2).

Factors related to TLV

Pearson correlation analysis showed a negative
correlation between TLV and age, and a positive
correlation between TLV and sex, BH, BW, BMI and
BSA (Table 3; correlation coefficients = -0.117, 0.355,
0.421, 0.534, 0.416 and 0.546, respectively). Of these
factors, BSA had the strongest correlation (r = 0.546,
P < 0.001), while age had the weakest correlation (r
= -0.117, P = 0.067). Conversely, stepwise multiple
linear regression analysis showed that BSA and age
were the only two definite independent correlation
factors for CTLV. Because of the small partial regression
coefficient for age (-2.246/year), we considered that
its effect on TLV was negligible, and we thus removed
this factor from the new SLV formula. The final formula
3
used to calculate SLV based on BSA was: SLV (cm ) =
2
2
758.259 × BSA (m ) - 124.272; R = 0.299, P < 0.001).
The scatter plot is shown in Figure 1.

Factors related to the difference between CTLV and SLV

Our formula was the most accurate for estimating both
absolute volume and the percentage error. However,
the proportions of estimated SLV with percentage
errors compared with CTLV within ± 10% and ± 15%
agreement using our new formula were just 44.0%
and 60.8%, respectively. We suspect that factors
related to differences between CTLV and SLV may
have limited the application of our formula. A total of
369 subjects (244 for formula establishment, 125 for
validation) were enrolled to analyze the latent factors
(Table 6). The new formula overestimated the CTLV
of elderly subjects (age > 70 years) (P < 0.05, Table
6), with a decreased correlation between SLV and
CTLV in this population (Figure 3). Scatter plots and

Comparison of the new formula with previously reported
formulas
[18]

Based on the results of Pomposelli et al , John’s
[23]
formula
showed a calculated SLV closest to CTLV,
[19]
while Poovathumkadavil’s formula
showed the
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Table 2 Computed tomography estimated total splenic volume, portal venous diameter, splenic venous diameter and portal venous
cross-sectional area in Chinese healthy adults
Total, n = 244
3

CTSV, in cm
PVD, in mm
SVD, in mm
PVCSA, mm2

Male, n = 138

210.48 ± 224.07 (46.60-2892.30)
9.34 ± 1.5 (5.60-16.25)
7.40 ± 1.31 (3.20-12.50)
173.22 ± 48.11 (92.22-451.00)

Female, n = 106

213.91 ± 172.76 (46.60-1490.30)
9.84 ± 1.56 (6.10-16.25)
7.61 ± 2.95 (4.70-12.50)
189.63 ± 50.88 (101.91-451.00)

P value

206.02 ± 277.87 (65.00-2892.30)
8.27 ± 1.23 (5.60-12.95)
7.17 ± 3.02 (3.20-10.50)
153.74 ± 36.16 (92.22-253.34)

0.786
< 0.001
0.278
< 0.001

SLV calculated by Urata’s formula (cm )

CTSV: Computed tomography estimated total splenic volume; PVCSA: Portal venous cross-sectional area; PVD: Portal venous diameter; SVD: Splenic
venous diameter.

Factor
Age
Sex
BH
BW
BMI
BSA

r value

P value

-0.117
0.355
0.421
0.534
0.416
0.546

0.067
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

3

Table 3 Related factors to computed tomography estimated
total liver volume

BH: Body height; BMI: Body mass index; BSA: Body surface area; BW:
Body weight.

2500.00

1400.00

1200.00

1000.00

2

R = 0.993
1000.00 1200.00 1400.00

1600.00
3

SLV calculated by the new formula (cm )

Figure 2 Correlation between standard liver volume calculated by the new
formula and Urata’s formula. SLV: Standard liver volume.

y = 758.259x - 124.272
2
R = 0.299
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fitted lines (Figure 4) showed that SLV also tended
to underestimate liver volume when the CTLV was >
3
1800 cm .

Figure 3 Correlation between standard liver volume calculated by the new
formula and computed tomography estimated total liver volume stratified
according to age. CTLV: Computed tomography estimated total liver volume;
SLV: Standard liver volume.

DISCUSSION

in healthy adult Chinese subjects, and determined
the medical reference ranges for Chinese men and
women older than 18 years of age. We found a direct
correlation between liver volume and various body
indices, including sex, BH, BW, BMI and BSA. Based
on Pearson’s correlation and stepwise multiple linear
regression analyses, BSA was selected to establish
a new formula for estimating SLV. In addition, we
confirmed the precision of our formula for calculating
SLV in healthy Chinese adults by comparing it with

Precise measurement of liver volume and correct
assessment of SLV have important implications for
estimating liver function and making strategic medical
decisions for liver transplantation. Due to the marked
effects of race and body indices on SLV, it is important
to develop a method for SLV calculation that can
be applied to particular demographic groups. In the
present study, we determined morphological variables
including CTLV, CTSV, PVD, SVD and PVCSA using CT
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Figure 1 Correlation between computed tomography estimated total liver
volume and body surface area of 244 healthy adults. The 95%CI is shown
(Dotted line). BSA: Body surface area; CTLV: Computed tomography estimated
total liver volume.
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Table 4 Differences between total liver volume and standard liver volume approximated by various formulas
Study

Mean SLV-TLV, in cm
[11]

Urata et al , 1995
Johnson et al[23], 2005
Poovathumkadavil et al[19], 2010
Lin et al[24], 1998
Chan et al[25], 20061,2
Yuan et al[26], 20083
Fu-Gui et al[27], 2009
Our new SLV, 2016

3

Mean error, as %

P value

Root of the mean PRESS

ICC

6.95
22.92
10.82
25.74
-10.82
11.72
-5.35
4.17

0.066
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.680

225.72
216.79
216.67
225.40
216.60
216.03
218.85
219.43

0.668
0.668
0.686
0.652
0.686
0.672
0.686
0.679

37.45
232.94
169.96
271.54
-165.31
104.16
-103.28
8.10

The formula can be directly converted into TLV from liver weight because liver density is 1 g/mL; 2Sex factor: male = 1 and female = 2; 3Age factor: < 40 yr
= 1, 41-60 yr = 2, and > 60 yr = 3. SLV: Standard liver volume; TLV: Total liver volume.

3

SLV calculated by the new formula (cm )

1

Table 5 Proportions of estimated standard liver volume with
percentage errors within acceptable agreement (10% and
15%) in comparison with total liver volume
Study

Proportion within acceptable
agreement, as %
[11]

Urata et al , 1995
Johnson et al[23], 2005
Poovathumkadavil et al[19], 2010
Lin et al[24], 1998
Chan et al[25], 20061,2
Yuan et al[26], 20083
Fu-Gui et al[27], 2009
SLVn, 2016

± 15%
57.6
30.4
44.8
29.6
52.8
59.2
58.4
60.8

± 10%
20.8
23.2
29.6
17.6
30.4
36.0
42.4
44.0

Total
Sex
Male
Female
Age, in yr
18-30
30-50
50-70
> 70
BMI, in kg/m2
< 18.5
18.5-24.9
≥ 25

3

-200.00
-400.00

-1.96SD

-600.00
2

R = 0.715
Acceptable agreement (within ± 15%)
-1000.00
1800
500.00 1000.00
1500.00 2000.00 2500.00
-800.00

Figure 4 Modified Bland-Altman plots of the volume differences and
computed tomography estimated total liver volume. CTLV: Computed
tomography estimated total liver volume; SLV: Standard liver volume.

represented by CTLV in the present study was 1194.31
3
± 238.25 cm , providing further support for racial
differences in liver volume. There are 56 different ethnic
groups in China, although Han is the major population.
As there were few other ethnic groups included in
the present study, differences in TLV between distinct
ethnic groups were not analyzed, and the accuracy of
our formula in ethnic minorities remains unclear.
A number of body indices have been reported to
impact liver volume, including sex, age, BH, BW, BMI
and BSA. Of these factors, BSA is the most widely
accepted parameter for determining SLV. BSA is
widely used to normalize measurement of biological
function with respect to variations in body size.
Several formulas have been developed to calculate
[29]
2
BSA, including Du Bois’s formula : BSA (m ) = BW
(kg) 0.425 × BH (cm) 0.725 × 0.007184. However,
due to its convenience and accuracy in the Chinese
[21]
population, we selected Mosteller’s formula
to
[20]
estimate BSA. Since DeLand et al
first presented
their formula for calculating liver size based on BSA,
numerous studies have used BSA as an independent
[11,23,26]
factor for liver size estimation
. As expected, BSA
was also the best indicator for estimating liver volume
in the present study, providing further support linking
BSA with SLV.

3

TLV, in cm

369

1205.41 ± 257.53

219
150

1285.64 ± 252.27
1088.27 ± 217.76a

-1.82 ± 218.70
9.40 ± 187.04

14
184
158
13

1143.50 ± 192.33
1217.30 ± 259.75
1211.43 ± 263.84
1030.55 ± 118.18a

-16.51 ± 122.80
-7.06 ± 210.37
4.52 ± 209.63
140.69 ± 124.56a

19
250
100

973.94 ± 163.74
1162.63 ± 231.54a
1356.33 ± 262.51a

4.65 ± 138.26
12.70 ± 197.74
-22.50 ± 235.32

a

P < 0.05. BMI: Body mass index; SLV: Standard liver volume; TLV: Total
liver volume.

seven other reported formulas.
Previous studies have reported significant differences
[5,23,28]
in TLV between Asian and Caucasian populations
.
[5]
Kokudo et al reported an average TLV of 1092
3
3
cm in Japanese populations and 1622 cm in Swiss
populations, while TLV volumes in Chinese populations
3[24-27]
were reported to range from 1099.10-1220.1 cm
.
Thus, there seem to be notable racial differences, rather
than geographical differences, in TLV. The mean TLV

WJG|www.wjgnet.com

0.00 Mean

3

n

SLV-TLV, in cm

200.00

CTLV (cm )

Table 6 Factors related to the difference between computed
tomography estimated total liver volume and standard liver
volume calculated by the new formula
Factor

400.00 +1.96SD
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BMI has also been used to adjust the influence
of body size on biological function. Surprisingly,
although many studies have reported that BMI can
affect SLV, there are no SLV formulas based on BMI.
This may relate to the even stronger association
between BSA and TLV compared with that between
BMI and TLV. Indeed, we found that BMI was positively
correlated with CTLV in Pearson’s correlation analysis
(coefficient of correlation = 0.416). However, this
index was excluded from our new SLV formula by
stepwise multiple linear regression analysis. In
[30]
addition, Hashimoto et al
reported that TLV may be
underestimated in thin individuals with a BMI < 18.5.
In contrast, in the present study, we did not find this
association when comparing differences between TLV
and SLV calculated using our formula.
[20]
Similar to the findings by DeLand et al , we
found a correlation between TLV and both BH and
BW (correlation coefficient = 0.421 and 0.534,
respectively). With increasing BH or BW, there was a
gradual increase in CTLV. Although BSA based on BW
and BH showed an excellent correlation with TLV, liver
size was not predicted exactly by BW and/or BH. Thus,
both BW and BH were eliminated in the SLV formula
by stepwise multiple linear regression analysis, and
[19,24,25,27]
SLV estimated by formulas based on BW/BH
were significantly different from the actual TLV.
Sex is another important factor that can affect liver
size, with the majority of studies showing that men
[7,31]
have a larger TLV than women
. In the present
study, there was a weak correlation between sex and
TLV. However, sex is not widely used in the formula
for calculating SLV. For example, sex was included as
a factor in the SLV formula in two studies, as women
(particularly those < 50 years old) showed significantly
smaller liver volume compared with males with
[25,31]
[18]
the same BMI
. In contrast, Pomposelli et al
reported that sex did not improve the accuracy of SLV
calculation. Similarly, in the present study, sex was not
an independent correlation factor of CTLV by stepwise
multiple linear regression analysis. These contrasting
findings may be explained by the fact that the effect of
[20]
sex on TLV is contained in that of BSA. DeLand et al
[11]
and Urata et al reported that men and women have
similar LV/BSA or liver weight/BSA ratios. Similarly,
there were no differences in the LV/BSA ratio between
men and women in the present study (691.10 ±
117.27 vs 673.90 ± 116.53, respectively; P = 0.166),
while there was a difference in the LV/BW ratio with
sex (P < 0.05).
Age is also an important consideration when
[30]
assessing SLV. Hashimoto et al
reported that
SLV estimated using their equation overestimated
the TLV of older donors (≥ 50 years of age), while
[18]
Pomposelli et al
found no benefit of adjusting for
age in their SLV formula. In the present study, age
was an independent predictor of SLV by multiple linear
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regression, with a similar coefficient to that of Kokudo
[5]
et al . To validate the precise impact of age on liver
volumes, we used 8-year interval interpretation as
a presentation for the liver volume measurement
and established another new formula based on age
stratification: SLVa = 857.088 × BSA - 21.228 × Age
- 205.070 (aged between 18 and 26, value of Age
was 1; aged between 27 and 34, value of Age was
2; and so on). Then we compared the difference of
SLV, SLVa and TLV. Consistent with our expectation,
the mean Error between SLVa and TLV was 3.63%,
which was not significant different with the mean Error
between SLV and TLV (4.17%, p = 0.283). Therefore,
considering that the partial regression coefficient
(-2.246/year) was very small, we considered that the
effect of this variable in adults was negligible. Thus,
age was excluded from our final formula, as reported
[28]
by Vauthey et al . However, it is still possible that age
may have an effect on TLV in specific populations. In
the present study, the correlation between TLV and SLV
decreased in subjects > 70 years of age, and SLV was
always overestimated in these individuals. Therefore,
further studies are required to evaluate the validity of
our new formula in a large elderly population.
[11]
At present, Urata’s formula is the most frequently
[18]
used for calculating SLV worldwide. Pomposelli et al
compared 16 different SLV formulas and found that
[23]
Johnson’s formula
was the most accurate in terms
of assessing absolute liver volume with a relatively
low percentage error, while Poovathumkadavil’s
[19]
formula provided the lowest percentage error versus
actual TLV. However, these formulas have not been
validated in the Chinese population. To the best of
our knowledge, there are four formulas based on the
[24]
Chinese population established by Lin et al , Chan et
[25]
[26]
[27]
al , Yuan et al , and Fu-Gui et al . Nevertheless,
these formulas have not gained general acceptance
in Chinese or Western centers. In the present study,
our new formula based on SLV was more accurate for
assessing absolute liver volume compared with the
other formulas, with the exception of Urata’s formula.
Furthermore, our formula showed the strongest
agreement with TLV. Thus, despite the limited adjusted
2
R value, our formula is easily calculated and should
be considered when assessing SLV in the Chinese
population.
There are few reports on spleen volume and SVD
in the normal population, with evidence of marked
[32,33]
differences in those studies
. For example, spleen
size determined by CT was relatively larger than that
measured at postmortem, which may be explained
by differences in the measurement methods or by
removal of blood from the spleen during surgery. In
the present study, CTSV varied markedly in various
3
subjects (average CTSV = 210.48 ± 224.07 cm ), as
[9,34]
reported in previous CT imaging studies
. Spleen
volume was also reported to be related to age, BW,
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clinical indicator of liver disease. Accurate estimation of total liver volume (TLV)
is an important consideration for clinical condition assessment, pharmacological
applications, and a variety of surgeries, especially liver transplantation.
Computed tomography liver volumetry is considered the gold standard for
measuring TLV. The standard liver volume (SLV) formulas derived from various
ethnic groups may not be comparable with each other.

and BSA, although this correlation was not confirmed
[29]
by other investigators or in the present study .
PVD and PVCSA were significantly enlarged in the
high portal venous pressure group. PVD is regarded
[35]
as an essential indicator of portal hypertension .
However, there are limited studies assessing PVCSA,
as it is difficult to measure. PVD values in healthy
adults were reported to range from 9.6-12.5 mm, with
13 mm accepted as the upper limit of PVD in many
[36]
major medical textbooks. Nevertheless, Stamm et al
reported that PVD measured by CT was larger than
this upper limit, which may be related to the different
methods used to measure PVD. Many earlier studies
detected PVD using ultrasonography, while Stamm
[36]
et al
used CT imaging. However, in contrast to the
[36]
findings of Stamm et al , we found that PVD was 9.34
± 1.51 mm (range, 5.6-16.25 mm), with only 3 of
213 subjects having a PVD larger than 13 mm. Thus,
further studies are required to compare ultrasound and
CT for the measurement of PVD and PVCSA.
There are some limitations in the present study. In
addition to TLV, the liver segmentation proposed by
Couinaud is used in everyday clinical practice, which
divided the liver into 8 operatively relevant segments
[37]
based on the anatomy of the PV and hepatic vein .
Some studies that have reported the change of volume
in different locations of liver could hint at some liver
[38]
diseases . Our further study will continue to propose
the range of normal value of the volume of the 8 liver
segments and investigate the correlation between
the volume of different liver segments and body
3
indices. When TLV was large, especially > 1800 cm ,
the accuracy of our formula for SLV decreased. Liver
steatosis may affect liver volume. Although we set very
strict exclusion criteria, we did not obtain liver biopsy
results, and our study may have included subjects
[14]
with liver steatosis or mild fatty liver. Hwang et al
also reported that the calculated decrease in SLV was
larger than the reduction in CTLV after body weight
loss. Nevertheless, this formula has not been used in
individuals with a short-term and rapid decrease in
body weight. Our formula also used BSA as a major
variable, which may be influenced considerably by the
presence of ascites or edema. Hence, the application
of our formula in patients with chronic liver disease
and liver cirrhosis remains to be assessed.
In conclusion, by setting strict exclusion criteria,
we obtained the TLV of healthy Chinese adults, and
developed a new formula for estimating SLV based on
BSA. This formula predicted the SLV in the Chinese
population more accurately than other previously
reported formulas.

Research frontiers

The multiple comparison of liver volumes obtained by different methods were
very similar without statistically significant differences, However, the three
methods achieved an efficiency of 27.63 min, 1.26 min and 1.18 min on
average, respectively, compared with the manual volumetry, which took 43.98
min (Journal of Applied Clinical Medical Physics, 2016).

Innovations and breakthroughs

By setting strict exclusion criteria, the authors obtained the TLV of healthy
Chinese adults, and developed a new formula for estimating SLV based on
BSA. This formula predicted the SLV in the Chinese population more
accurately than other previously reported formulas.

Applications

the authors were able to use the SLV formula to obtain the SLV of patients
with liver cirrhosis, resulting in its normal state of the liver volume prediction,
compared with the actual liver volume, from which the reserved liver function
can be evaluated. The optimal size of liver resection for hepatectomy in patients
with hepatocellular carcinoma is of great significance for the evaluation of donor
liver volume in donor and recipient liver transplantation.
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The current manuscript would like to create a SLV and vascular structure in
Chinese adult. It’s an interesting and well-written paper.
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Abstract
AIM
To find an accurate and simple predictor for post
operative short-term complications after gastrectomy.

Informed consent statement: All study participants provided
written informed consent prior to study enrollment.
Conflict-of-interest statement: The authors declare that there is
no conflict of interest related to this study.

METHODS
Two hundred and twenty-three patients undergoing
gastric cancer resection between October 1, 2015
and September 30, 2016 were enrolled in this study.
Univariate and multivariate analyses were used to

Data sharing statement: Technical appendix, statistical code,
and dataset available from the corresponding author at guanwx@163.com. No additional data are available.
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[1-3]

surgery . Therefore, it is crucial to specify a reliable
and simple risk assessment index to indicate the
possibility of postoperative complications, and the
likelihood of early and safe patient discharge.
Many preoperative or postoperative indexes,
such as C-reactive protein (CRP; a proinﬂammatory
cytokine increasing in parallel with postoperative surgical
stress), white blood cell count and albumin (ALB), have
been identified as risk factors for complications after
[4-8]
gastrectomy . There are many studies revealing the
association between serum ALB and postoperative
outcomes. For example, preoperative hypoalbuminemia
[9]
[10]
can predict surgical site infections . Ryan et al found
that postoperative hypoalbuminemia on postoperative
day (POD) 1 was associated with complications
[11]
following esophagectomy. Sang et al
also found
that hypoalbuminemia on POD 2 was an independent
risk factor for acute kidney injury in patients with
living donor liver transplantation. However, these
studies mainly focused on the impact of serum ALB on
[12,13]
nutritional status of patients
.
ALB is also a negative acute phase protein and
decreases after surgery, because of trauma and
[14]
[15]
increased capillary leakage . Norberg et al
observed an immediate and sharp decrease of serum
ALB level (∆ALB) by 33% after major abdominal
surgery, which occurred even earlier than the change
in CRP. Unfortunately, few studies have identified the
change in serum ALB level as a marker in predicting
the outcomes of gastrectomy.
This study aimed to clarify whether the reduction of
ALB level after surgery could be a predictor for shortterm complications following gastric cancer resection.
Therefore, the ∆ALB on POD 1 was examined and its
diagnostic accuracy in gastric cancer was investigated.

identify risk factors for complications after gastrectomy.
The cutoff values and diagnostic accuracy were
examined by receiver operating characteristic curves.
RESULTS
Sixty-two (27.8%) patients had short-term complica
tions after gastric cancer resection. The postoperative
decrease in serum albumin (∆ALB) was an independent
risk factor for complications (OR = 17.957, 95%CI:
6.073-53.095, P < 0.001). The cutoff value was 14.0%
and the area under the curve was higher than that of
C-reactive protein on postoperative day 3 (area under
the curve: 0.806 vs 0.709). Patients with ∆ALB ≥ 14.0%
were more likely to have short-term complications after
gastrectomy (46.7% vs 5.0%, P < 0.001), prolonged
hospital stay (17.2 ± 10.8 d vs 14.1 ± 4.2 d, P = 0.007)
and higher comprehensive complication index (P < 0.001)
than those with ∆ALB < 14.0%.
CONCLUSION
Postoperative ∆ALB with a cutoff of 14.0% can be used
to recognize patients who have high risk of short-term
complications following gastric cancer resection.
Key words: Gastric cancer; Postoperative complications;
Gastrectomy; Serum albumin; Predictor
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this work, we investigated whether post
operative decrease of serum albumin can predict shortterm complications following gastric cancer resection.
Results indicate that the decrease of serum albumin
could be more accurate than postoperative C-reactive
protein in predicting complications after gastrectomy.
Surgeons are warned of potential postoperative com
plications in patients whose serum albumin levels
reduce by more than 14.0%. This is the first evaluation
of the relationship between decrease in albumin and
postoperative complications in gastric cancer resection.

MATERIALS AND METHODS
Patients

Written informed consent was obtained from all
the patients enrolled in the investigation. The study
protocol conformed to the ethical guidelines of the
1975 Declaration of Helsinki and the Ethics Committee
of Nanjing Drum Tower Hospital, the Affiliated Hospital
of Nanjing University Medical School, Nanjing, China.

Liu ZJ, Ge XL, Ai SC, Wang HK, Sun F, Chen L, Guan WX.
Postoperative decrease of serum albumin predicts short-term
complications in patients undergoing gastric cancer resection.
World J Gastroenterol 2017; 23(27): 4978-4985 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v23/
i27/4978.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i27.4978

Data collection

The data of 317 consecutive patients who under
went surgery for gastric cancer between October 1,
2015 and September 30, 2016 at the Department
of Gastrointestinal Surgery, Nanjing Drum Tower
Hospital, the Affiliated Hospital of Nanjing University
Medical School were prospectively collected and
standard ethnic audit was conducted. Patients with ALB
infusion preoperatively or within POD 1, reoperation
for postoperative complications, non-resection of the
stomach, severe organ dysfunction or comorbidity,
multivisceral resection, or incomplete laboratory data

INTRODUCTION
Gastric cancer is one of the most common malignancies
and is the third leading cause of cancer-related
mortality in China. Surgery provides the only possibility
of cure in patients with gastric cancer. Despite
improvements in perioperative care and surgical pro
cedures, postoperative complications remain a major
impediment and threat to survival after gastric cancer
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were excluded. Finally, a total of 223 patients were
enrolled in the study.
Data were collected based on the following factors:
age, sex, body mass index (BMI), American Society
of Anesthesiologists (ASA) grade, initial clinical stage,
comorbidity, surgical procedures (surgical approach,
type of resection, degree of lymph node dissection),
neutrophils, lymphocytes, hemoglobin, tumor makers
such as carcinoembryonic antigen (CEA) and carbo
hydrate antigen (CA)19-9, preoperative CRP and ALB,
[16]
[11]
CRP on POD 3 , ALB on POD 1 , operation time,
estimated blood loss during surgery and intraoperative
blood transfusion.

more lymphadenectomy. The operation time was
239.1 ± 66.9 min, with blood loss of 228.6 ± 146.2 mL.
The length of postoperative hospital stay was 15.8 ±
8.6. Sixty-two patients (27.8%) had postoperative
complications. According to Clavien-Dindo classification,
40 patients (17.9%) had mild complications (GradeⅠor
Ⅱ), and 22 (9.9%) had major complications (Grade Ⅲ
or greater).

Predictive factors for postoperative complications

The results of univariate analyses of various clinical
factors are shown in Table 2, including age, sex, BMI,
ASA grade, clinical stage, tumor makers (CA19-9, CEA),
lymphocyte count, comorbidity, preoperative hemo
globin, operation time, intraoperative blood loss, surgical
procedures (mode of approach, type of resection, degree
of lymph node dissection), preoperative CRP and serum
ALB, CRP on POD 3, and ∆ALB. Among these, diabetes
mellitus (OR = 3.259, 95%CI: 1.128-9.414, P =
0.029), preoperative serum ALB (OR = 1.048, 95%CI:
1.018-1.109, P = 0.015), clinical stage (OR = 1.798,
95%CI: 1.255-2.686, P = 0.009), type of resection (OR
= 1.291, 95%CI: 1.006-1.896, P = 0.013), CRP on
POD 3 (OR = 4.653, 95%CI: 2.435-8.889, P < 0.001)
and ∆ALB (OR = 16.837, 95%CI: 6.403-44.275, P <
0.001) were significantly associated with postoperative
complications. Therefore, a multivariate analysis model
was used to identify the independent predictive factors
for complications after gastrectomy. As shown in
Table 3, ∆ALB (OR = 17.957, 95%CI: 6.073-53.095,
P < 0.001) remained as an independent risk factor in
predicting complications after surgery. However, it was
not strong enough for us to draw the conclusion that
∆ALB can be an accurate predictor for complications
after gastrectomy.

Definition of outcomes

Relative ∆ALB was calculated as: (preoperative ALB
level - ALB level on POD 1)/preoperative ALB level ×
[17]
100% . Receiver operating characteristic (ROC) curve
was used to calculate the cutoff values of ∆ALB. The
postoperative outcomes were analyzed which included
length of postoperative hospital stay and postoperative
complications before discharge or < 30 d after surgery.
Postoperative complications was identified by Clavien-Dindo classification, which showed that the Grades
Ⅰ and Ⅱ were mild complications and Grades Ⅲ
[18]
and Ⅳ were major complications in patients . The
comprehensive complication index (CCI) is a score
developed to include all complications after surgery
[18,19]
and is based on the Clavien-Dindo system
. The
CCI of each patient was calculated using the Website
[20]
http://www.assessurgery.com .

Statistical analysis

SPSS version 19.0 (SPSS Inc., Chicago, IL, United
States) was used for the analysis. Categorical data were
expressed by counts and percentages, while continuous
data were expressed by mean ± SD or median (range).
2
Fisher’s exact test or Pearson’s χ test was used to
analyze categorical variables, while Student’s t-test was
used to analyze continuous variables. P < 0.05 was
considered statistically significant. ROC curve analysis
was used to assess the predictive accuracy. Significant
correlations (P < 0.05) on univariate analysis were
used to verify independent predictors for postopera
tive complications by multivariate logistic regression
analysis.

Predictive accuracy of ∆ALB and CRP on POD 3 for
complications after gastrectomy

CRP on POD 3 was identified as a practical predictor
for complications after gastric cancer surgery in recent
[7,16]
studies
. In this study, the predictive accuracy of
∆ALB and CRP on POD 3 was analyzed by ROC curve.
Figure 1 shows the ROC curve parameters. The area under
the curve (AUC) of CRP on POD 3 was 0.709, sensitivity
was 0.785, specificity was 0.661, Youden’s index was
0.446, and the cutoff point was 131.9; comparatively,
the AUC of ∆ALB was 0.806, sensitivity was 0.808,
specificity was 0.675, Youden’s index was 0.483, and
the cutoff point was 14.0%. Therefore, ∆ALB was a better
predictive index than CRP on POD 3 for postoperative
complications in patients undergoing gastric cancer
surgery.

RESULTS
Study population and baseline characteristics

There were 159 men and 64 women, with a mean age
of 62.3 ± 9.9 years. The clinical characteristics are
summarized in Table 1. The preoperative mean BMI,
2
and CRP and ALB level were 23.0 ± 3.4 kg/m , 6.6 ±
10.3 g/L and 38.3 ± 3.2 g/L, respectively. One hundred
and seventeen patients received total gastrectomy,
82 distal gastrectomy and 24 proximal gastrectomy.
One hundred and eighty patients underwent D2 or
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Use of ∆ALB to predict complications after gastrectomy

Based on the cutoff value of ∆ALB, we divided patients
into two groups. As shown in Table 4, patients with ∆ALB
≥ 14.0% had more complications after gastrectomy
than those with ∆ALB < 14.0% (46.7% vs 5.0%, P
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Table 1 Patient characteristics
n = 223

Age in yr
Sex, n
Male
Female
BMI in kg/m2
Comorbidities, n
Diabetes mellitus
Hypertension
Preoperative serum albumin in g/L
Preoperative hemoglobin in g/L
Preoperative CRP in g/L
CA 19-9 in ng/mL
≥ 37
< 37
CEA in ng/mL
≥5
<5
Lymphocyte count as × 109/L
≥3
<3
CRP on POD 3 in mg/L
ALB on POD 1 in g/L
ASA ≥ 3, n
Clinical stage Ⅰ/Ⅱ/Ⅲ/Ⅳ, n
Mode of surgical approach, n
Laparoscopic
Open
Type of resection, n
Distal gastrectomy
Proximal gastrectomy
Total gastrectomy
Degree of lymph node dissection ≥ 2, n
Operation time in min
Blood loss in mL
Postoperative complications as Clavien-Dindo grade, n
Ⅰ and Ⅱ
≥Ⅲ
Postoperative stay in d

62.3 ± 9.9

0.8

Sensibility

Characteristic

159
64
23.0 ± 3.4
15
72
38.3 ± 3.2
123.4 ± 24.9
6.6 ± 10.3

0.6

0.4

0.2

0.0
0.0

0.2

0.4

0.6

0.8

1.0

1-specificity

43
180
26
197

Cutoff point
AUC
Sensitivity
Specificity
Youden’s index

9
214
99.7 ± 60.9
32.7 ± 3.6
122
67/44/103/9

ΔALB
0.140
0.806
0.808
0.675
0.483

CRP on POD 3
131.9
0.709
0.785
0.661
0.446

Figure 1 Receiver operating characteristic curve showing decrease in
serum albumin levels and C-reactive protein levels on postoperative day 3
predictive of postoperative overall complications. ROC: Receiver operating
characteristic; CRP: C-reactive protein; ∆ALB: (Albumin level before surgeryalbumin on POD 1)/albumin level before surgery × 100%; POD: Postoperative
day; AUC: Area under the curve.

18
205
82
24
117
180
239.1 ± 66.9
228.6 ± 146.2

Numerous studies have shown that preoperative
and postoperative hypoalbuminemia are risk factors
[9-12]
for complications after surgery
, while few have
specifically focused on the relationship between
decreased serum ALB after surgery and clinical out
[21]
comes. Hübner et al reported that stress response led
to a reduction in postoperative albumin levels, which
was consistent with the findings in our study. After
major abdominal surgery, the albumin synthesis rate
remained the same, whereas the fractional synthesis
[15]
rate increased, leading to a decrease in plasma ALB .
However, sequestration into the interstitial space
may contribute most to a postoperative drop in ALB
[14,21]
level
. Capillary leakage is especially common in
some malnourished patients with surgical trauma
followed by an increased transcapillary escape rate of
≥ 100%[14,22,23]. To summarize, multiple factors affect
the reduction in serum ALB after surgery and the stress
[23]
response plays an important role in the change .
Nevertheless, increasing evidence shows that
postoperative CRP level, as a risk factor for post
operative inflammation, can be used to predict
[7,24]
complications after gastrectomy
. For instance,
[16]
Kim et al
found that the CRP level on POD 4 was
one of the most reliable predictors for complications
following gastric cancer resection, when compared to
many systematic inflammatory markers (white blood
cells, neutrophils, platelet counts and CRP on POD 1).
However, in previous studies, certain drawbacks were
found by using postoperative CRP as a marker of

40
22
15.8 ± 8.6

ALB: Albumin; ASA: American Society of Anesthesiologists; BMI: Body
mass index; CA 19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic
antigen; CRP: C-reactive protein; POD: Postoperative day.

< 0.001). Patients with ∆ < 0.001). Patients with ∆
ALB ≥ 14.0% were found to have more mild or
severe complications than those with ∆ALB < 14.0%
(30.3% vs 3.0%, P < 0.001 or 16.4% vs 2.0%, P <
0.001, respectively). In addition, patients who had ∆
ALB ≥ 14.0% were suggested to have prolonged
postoperative stay (17.2 ± 10.8 vs 14.1 ± 4.2, P =
0.007) and higher CCI (P < 0.001).

DISCUSSION
In this study, serum ALB was mainly considered as an
acute phase protein. The ∆ALB was an independent
risk factor for prolonged hospital stay and complications
after gastrectomy. Patients were distinguished as
having low or high risk of complications after gastrec
tomy by the cutoff value of 14.0% in ∆ALB, which was
more accurate than CRP level on POD 3.
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Table 2 Univariate analysis of risk factors associated with postoperative complications
P value

Characteristic

OR

95%CI

Age ≥ 75 yr
Sex
BMI of < 18.5 kg/m2
Comorbidities
Diabetes mellitus
Hypertension
Preoperative serum albumin of < 35 g/L
Preoperative hemoglobin of < 120 g/L
Preoperative CRP of ≥ 10 g/L
CA 19-9 of ≥ 37 ng/mL
CEA of ≥ 5 ng/mL
Lymphocyte count of ≥ 3 × 109/L
CRP on POD 3 in mg/L
△ALB of ≥ 14.0%
ASA of ≥ 3
Clinical stage of ≥ Ⅱ
Mode of surgical approach
Type of resection
Degree of lymph node dissection ≥ 2
Operation time of ≥ 250 min
Blood loss of ≥ 200 mL

1.330
0.642
0.277

0.476-3.715
0.342-1.202
0.034-2.232

3.259
0.728
1.048
1.487
1.336
1.328
1.177
0.314
4.653
16.837
1.007
1.798
1.206
1.291
2.263
1.621
1.417

1.128-9.414
0.382-1.389
1.018-1.109
0.817-2.705
0.512-3.486
0.647-2.723
0.483-2.865
0.038-2.560
2.435-8.889
6.403-44.275
0.559-1.815
1.255-2.686
0.588-2.475
1.006-1.896
0.948-5.399
0.896-2.931
0.758-2.651

0.586
0.166
0.228
0.029
0.336
0.015
0.194
0.553
0.439
0.720
0.279
< 0.001
< 0.001
0.981
0.009
0.610
0.013
0.066
0.110
0.275

∆ALB: (Albumin level before surgery-albumin on POD 1)/albumin level before surgery × 100%; ASA: American Society of Anesthesiologists; BMI: Body
mass index; CA 19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen; CRP: C-reactive protein; POD: Postoperative day.

Table 3 Multivariate analysis of risk factors associated with postoperative complications
Characteristic
Age ≥ 75 yr
Sex
BMI of < 18.5 kg/m2
Comorbidities
Diabetes mellitus
Hypertension
Preoperative serum albumin of < 35 g/L
Preoperative hemoglobin of < 120 g/L
Preoperative CRP of ≥ 10 g/L
CA 19-9 of ≥ 37 ng/mL
CEA of ≥ 5 ng/mL
Lymphocyte count of ≥ 3 × 109/L
CRP on POD 3 in mg/L
△ALB of ≥ 14.0%
ASA of ≥ 3
Clinical stage of ≥ Ⅱ
Mode of surgical approach
Type of resection
Degree of lymph node dissection ≥ 2
Operation time of ≥ 250 min
Blood loss of ≥ 200 mL

OR

95%CI

P value

1.053
0.572
0.147

0.248-4.470
0.237-1.380
0.013-1.666

0.945
0.214
0.122

1.234
0.989
0.914
1.804
1.008
1.197
0.794
0.192
4.296
17.957
0.929
1.198
1.737
0.791
3.485
1.448
1.418

0.322-4.726
0.397-2.463
0.897-1.067
0.748-4.353
0.210-4.840
0.431-3.327
0.233-2.706
0.018-2.048
1.887-9.780
6.073-53.095
0.406-2.127
0.355-2.286
0.576-5.235
0.506-1.896
1.163-10.446
0.624-3.355
0.636-3.160

0.759
0.981
0.093
0.189
0.993
0.730
0.713
0.172
0.001
< 0.001
0.861
0.109
0.327
0.063
0.026
0.389
0.393

∆ALB: (Albumin level before surgery-albumin on POD 1)/albumin level before surgery × 100%; ASA: American Society of Anesthesiologists; BMI: Body
mass index; CA 19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen; CRP: C-reactive protein; POD: Postoperative day.

these findings, ∆ALB had a higher predictive value and
tended to be more precise than CRP.
∆ALB could be more precise than CRP in predicting
complications after gastrectomy because it is more
accurate in reflecting the stress response after surgical
trauma. As previously mentioned, the serum ALB
level decreases earlier than CRP level after major
abdominal surgery. The postoperative reduction in
ALB level is associated with systemic inﬂammatory

complications after gastrectomy, which lacks accuracy
[16,21,25]
[5]
in certain conditions
. Rettig et al discovered
that increased CRP levels after surgery were not
early enough to identify patients at high risk for
postoperative complications. In our study, ∆ALB was
an independent predictive marker for complications
after gastrectomy in multivariate analysis. The AUC of
∆ALB was larger than that of CRP on POD 3, suggesting
∆ALB was a better positive predictive marker. According to
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Table 4 Univariate analysis of postoperative complications associated with median value of ∆ALB
Characteristic
Overall1,3
Mild complications1,3
Major complications1,3
Postoperative stay in d2
CCI all patients4

All, n = 223

∆ALB < 14.0%, n = 101

∆ALB ≥ 14.0%, n = 122

P value

5 (5.0)
3 (3.0)
2 (2.0)
14.1 ± 4.2
0 (0-0)

57 (46.7)
37 (30.3)
20 (16.4)
17.2 ± 10.8
8.7 (0-26.2)

< 0.001
< 0.001
< 0.001
0.007
< 0.001

62 (27.8)
40 (17.9)
22 (9.9)
15.8 ± 8.6
0 (0-20.9)

1

Clavien-Dindo’s classification of surgical complications; 2Values are expressed as the median ± SD; 3Values are expressed as n (%); 4Values are expressed
as median (interquartile range); ∆ALB: (Albumin level before surgery-albumin on POD 1)/albumin level before surgery × 100%; CCI: Comprehensive
complication index.

response syndrome, which leads to increased
fractional synthesis and pathological capillary leakage
[14]
of serum ALB . Besides, serum ALB has a series
of significant physiological functions, including free
radical scavenging, maintenance of colloid osmotic
pressure, change of capillary membrane permeability,
[26]
and anticoagulant effects . Hypoalbuminemia inhibits
the innate immune response by promoting granuloma
formation and reducing collagen synthesis. As a
result, the systemic immune status is more sensitive
[27]
to infection and other postoperative complications .
In contrast, CRP is involved in innate immunity as an
early defense against infection, enhancing phagocytosis
by macrophages and assisting complement binding to
[28]
damaged cells or foreign matter . From the above,
the finding that ∆ALB could be more precise than
CRP in predicting complications after gastrectomy is
understandable, and serum ALB is a better predictor of
both systemic inﬂammation and nutritional status.
However, it remains to be established whether
ALB supplementation benefits patients with a large
[29]
∆ALB after gastrectomy. Golub et al
reported that
routine ALB infusion was not beneficial to patients
in the surgical intensive care unit. For patients with
postoperative hypoalbuminemia, ALB infusion was
deemed to be useless after major gastrointestinal
[30]
surgery . No studies have ever demonstrated
the benefit for patients with preoperative hypoalbu
minemia. Instead, exogenous ALB administration might
increase risks of edema, extravasation of albumin, or
[31]
other postoperative complications . More intensive
perioperative care might relieve an early ∆ALB following
gastric cancer resection and improve patient outcomes
[9]
by reducing postoperative generalized inﬂammation .
There were several limitations to the current study.
First, it was a retrospective observational analysis, so
the possibility of residual confounding factors could not
be entirely excluded. Second, it was a single-center
study and the outcome might have been inﬂuenced
by the small number of patients enrolled and peri
operative management strategies in our hospital. To
verify the conclusions, multicenter prospective studies
involving a large volume of data are needed. Third,
whether the findings in our study could be applied
to other operations, such as esophagectomy or liver
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resection, is not known for sure.
In conclusion, this study confirmed that a post
operative ∆ALB can predict short-term complications
following gastric cancer resection. The ∆ALB could be
more accurate than postoperative CRP in predicting
complications after gastrectomy. Surgeons are warned
of potential postoperative complications in patients
whose serum ALB levels are reduced by > 14.0%.
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To find an accurate and simple predictor for postoperative short-term
complications after gastrectomy. A reduction of serum albumin (ALB) level is
observed in many patients after gastrectomy, but it remains uncertain whether
it could be used as a predictor for short-term outcomes following gastric cancer
resection.

Research frontiers

Many preoperative or postoperative indexes, such as C-reactive protein (CRP;
a proinﬂammatory cytokine increasing in parallel with surgical stress after
operation), white blood cell count and ALB, have been identified as risk factors
for complications after gastrectomy. There are many studies revealing the
association between serum albumin and postoperative outcomes. However,
these studies mainly focused on the impact of serum albumin on nutritional
status of patients.

Innovations and breakthroughs

The authors investigated whether the postoperative decrease of serum ALB
can predict short-term complications following gastric cancer resection. The
decrease of serum ALB could be more accurate than postoperative CRP
in predicting complications after gastrectomy. This study involves the first
evaluation of the relationship between decrease of ALB and postoperative
complications in gastric cancer resection.

Applications

Surgeons are warned of potential postoperative complications in patients whose
serum ALB levels are reduced by more than 14.0%.

Peer-review

The authors investigated serum ALB changes after gastrectomy and found a
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correlation between the ALB change with short-term complication rates. Study
results are interesting and have novel findings. They know colorectal surgery
correlated with ALB changes, but gastric cancer is a new finding and may add
some contribution to the literature.

14

REFERENCES
1

2

3
4

5

6

7

8

9

10

11

12

13

Saito T, Kurokawa Y, Miyazaki Y, Makino T, Takahashi T,
Yamasaki M, Nakajima K, Takiguchi S, Mori M, Doki Y. Which
is a more reliable indicator of survival after gastric cancer surgery:
Postoperative complication occurrence or C-reactive protein
elevation? J Surg Oncol 2015; 112: 894-899 [PMID: 26458724
DOI: 10.1002/jso.24067]
Cuschieri A, Fayers P, Fielding J, Craven J, Bancewicz J, Joypaul
V, Cook P. Postoperative morbidity and mortality after D1 and
D2 resections for gastric cancer: preliminary results of the MRC
randomised controlled surgical trial. The Surgical Cooperative
Group. Lancet 1996; 347: 995-999 [PMID: 8606613]
Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, Jemal A,
Yu XQ, He J. Cancer statistics in China, 2015. CA Cancer J Clin
2016; 66: 115-132 [PMID: 26808342 DOI: 10.3322/caac.21338]
Ishino Y, Saigusa S, Ohi M, Yasuda H, Tanaka K, Toiyama
Y, Mohri Y, Kusunoki M. Preoperative C-reactive protein and
operative blood loss predict poor prognosis in patients with gastric
cancer after laparoscopy-assisted gastrectomy. Asian J Endosc Surg
2014; 7: 287-294 [PMID: 25123708 DOI: 10.1111/ases.12126]
Rettig TC, Verwijmeren L, Dijkstra IM, Boerma D, van de Garde
EM, Noordzij PG. Postoperative Interleukin-6 Level and Early
Detection of Complications After Elective Major Abdominal
Surgery. Ann Surg 2016; 263: 1207-1212 [PMID: 26135695 DOI:
10.1097/SLA.0000000000001342]
Yamashita K, Ushiku H, Katada N, Hosoda K, Moriya H, Mieno
H, Kikuchi S, Hoshi K, Watanabe M. Reduced preoperative serum
albumin and absence of peritoneal dissemination may be predictive
factors for long-term survival with advanced gastric cancer with
positive cytology test. Eur J Surg Oncol 2015; 41: 1324-1332
[PMID: 26251341 DOI: 10.1016/j.ejso.2015.05.021]
Warschkow R, Tarantino I, Ukegjini K, Beutner U, Müller SA,
Schmied BM, Steffen T. Diagnostic study and meta-analysis of
C-reactive protein as a predictor of postoperative inflammatory
complications after gastroesophageal cancer surgery. Langenbecks
Arch Surg 2012; 397: 727-736 [PMID: 22398436 DOI: 10.1007/
s00423-012-0944-6]
Jiang N, Deng JY, Ding XW, Ke B, Liu N, Zhang RP, Liang H.
Prognostic nutritional index predicts postoperative complications
and long-term outcomes of gastric cancer. World J Gastroenterol
2014; 20: 10537-10544 [PMID: 25132773 DOI: 10.3748/wjg.v20.
i30.10537]
Hennessey DB, Burke JP, Ni-Dhonochu T, Shields C, Winter DC,
Mealy K. Preoperative hypoalbuminemia is an independent risk
factor for the development of surgical site infection following
gastrointestinal surgery: a multi-institutional study. Ann Surg 2010;
252: 665-666
Ryan AM, Hearty A, Prichard RS, Cunningham A, Rowley
SP, Reynolds JV. Association of hypoalbuminemia on the first
postoperative day and complications following esophagectomy. J
Gastrointest Surg 2007; 11: 1355-1360 [PMID: 17682826 DOI:
10.1007/s11605-007-0223-y]
Sang BH, Bang JY, Song JG, Hwang GS. Hypoalbuminemia
Within Two Postoperative Days Is an Independent Risk
Factor for Acute Kidney Injury Following Living Donor Liver
Transplantation: A Propensity Score Analysis of 998 Consecutive
Patients. Crit Care Med 2015; 43: 2552-2561 [PMID: 26308436
DOI: 10.1097/CCM.0000000000001279]
Kang SC, Kim HI, Kim MG. Low Serum Albumin Level,
Male Sex, and Total Gastrectomy Are Risk Factors of Severe
Postoperative Complications in Elderly Gastric Cancer Patients. J
Gastric Cancer 2016; 16: 43-50 [PMID: 27104026 DOI: 10.5230/
jgc.2016.16.1.43]
Toiyama Y, Yasuda H, Ohi M, Yoshiyama S, Araki T, Tanaka K,

WJG|www.wjgnet.com

15

16

17

18
19

20

21

22
23
24

25
26
27

28

29

30

4984

Inoue Y, Mohri Y, Kusunoki M. Clinical impact of preoperative
albumin to globulin ratio in gastric cancer patients with curative
intent. Am J Surg 2017; 213: 120-126 [PMID: 27814784 DOI:
10.1016/j.amjsurg.2016.05.012]
Fleck A, Raines G, Hawker F, Trotter J, Wallace PI, Ledingham
IM, Calman KC. Increased vascular permeability: a major cause of
hypoalbuminaemia in disease and injury. Lancet 1985; 1: 781-784
[PMID: 2858667]
Norberg Å, Rooyackers O, Segersvärd R, Wernerman J. Albumin
Kinetics in Patients Undergoing Major Abdominal Surgery. PLoS
One 2015; 10: e0136371 [PMID: 26313170 DOI: 10.1371/journal.
pone.0136371]
Kim EY, Yim HW, Park CH, Song KY. C-reactive protein can be
an early predictor of postoperative complications after gastrectomy
for gastric cancer. Surg Endosc 2017; 31: 445-454 [PMID:
27734201 DOI: 10.1007/s00464-016-5272-4]
Spolverato G, Kim Y, Ejaz A, Frank SM, Pawlik TM. Effect
of Relative Decrease in Blood Hemoglobin Concentrations
on Postoperative Morbidity in Patients Who Undergo Major
Gastrointestinal Surgery. Jama Surg 2015; 150: 949-956 [PMID:
26222497 DOI: 10.1001/jamasurg.2015.1704]
Dindo D, Demartines N, Clavien P-A. Classification of Surgical
Complications. Ann Surg 2004; 240: 205-213 [PMID: 15273542
DOI: 10.1097/01.sla.0000133083.54934.ae]
Slankamenac K, Nederlof N, Pessaux P, De JJ, Wijnhoven BP,
Breitenstein S, Oberkofler CE, Graf R, Puhan MA, Clavien PA.
The comprehensive complication index: a novel and more sensitive
endpoint for assessing outcome and reducing sample size in
randomized controlled trials. Ann Surg 2014; 260: 762-763 [PMID:
25379846 DOI: 10.1097/SLA.0000000000000948]
Soubrane O, De RO, Kim KH, Samstein B, Mamode N, Boillot
O, Troisi RI, Scatton O, Cauchy F, Lee SG. Laparoscopic Living
Donor Left Lateral Sectionectomy: A New Standard Practice for
Donor Hepatectomy. Ann Surg 2015; 262: 757-763
Hübner M, Mantziari S, Demartines N, Pralong F, Coti-Bertrand P,
Schäfer M. Postoperative Albumin Drop Is a Marker for Surgical
Stress and a Predictor for Clinical Outcome: A Pilot Study.
Gastroenterol Res Pract 2016; 2016: 8743187 [PMID: 26880899
DOI: 10.1155/2016/8743187]
Lee WL, Slutsky AS. Sepsis and endothelial permeability. N Engl
J Med 2010; 363: 689-691 [PMID: 20818861 DOI: 10.1056/
NEJMcibr1007320]
Smeets HJ, Kievit J, Dulfer FT, Hermans J, Moolenaar AJ.
Analysis of post-operative hypalbuminaemia: a clinical study. Int
Surg 1994; 79: 152-157 [PMID: 7928151]
Shishido Y, Fujitani K, Yamamoto K, Hirao M, Tsujinaka T,
Sekimoto M. C-reactive protein on postoperative day 3 as a
predictor of infectious complications following gastric cancer
resection. Gastric Cancer 2016; 19: 293-301 [PMID: 25560875
DOI: 10.1007/s10120-014-0455-y]
Easton R, Balogh ZJ. Peri-operative changes in serum immune
markers after trauma: a systematic review. Injury 2014; 45:
934-941 [PMID: 24388280 DOI: 10.1016/j.injury.2013.12.002]
260Margarson MP, Soni N. Serum albumin: touchstone or totem?
Anaesthesia 1998; 53: 789-803 [PMID: 9797524]
Otranto M, Souza-Netto I, Aguila MB, Monte-Alto-Costa A. Male
and female rats with severe protein restriction present delayed
wound healing. Appl Physiol Nutr Metab 2009; 34: 1023-1031
[PMID: 20029510 DOI: 10.1139/H09-100]
Dutta S, Fullarton GM, Forshaw MJ, Horgan PG, Mcmillan
DC. Persistent Elevation of C-Reactive Protein Following
Esophagogastric Cancer Resection as a Predictor of Postoperative
Surgical Site Infectious Complications. World J Surg 2011; 35:
1017-1025 [PMID: 21350898 DOI: 10.1007/s00268-011-1002-1]
Golub R, Sorrento JJJ, Cantu RJ, Nierman DM, Moideen A, Stein
HD. Efficacy of albumin supplementation in the surgical intensive
care unit: a prospective, randomized study. Critical Care Med
1994; 22: 613-619 [PMID: 8143470]
Cai SR, Luo NX, Yuan XY, He YL, Wu H, Wang Z. Is albumin
administration beneficial in early stage of postoperative hypoal

July 21, 2017|Volume 23|Issue 27|

Liu ZJ et al . Albumin change predicts complications after gastrectomy

31

buminemia after gastrointestinal surgery: a prospective randomized
control trial. Zhonghua Wai Ke Za Zhi 2009; 47: 744-747 [PMID:
19615208]
Yuan XY, Zhang CH, He YL, Yuan YX, Cai SR, Luo NX, Zhan

WH, Cui J. Is albumin administration beneficial in early stage of
postoperative hypoalbuminemia following gastrointestinal surgery?:
a prospective randomized controlled trial. Am J Surg 2008; 196:
751-755 [PMID: 18649869 DOI: 10.1016/j.amjsurg.2007.10.030]
P- Reviewer: Bilir C, Lee YC

WJG|www.wjgnet.com

4985

S- Editor: Qi Y

L- Editor: Filipodia
E- Editor: Li D

July 21, 2017|Volume 23|Issue 27|

World J Gastroenterol 2017 July 21; 23(27): 4986-5003

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v23.i27.4986

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

SYSTEMATIC REVIEW

Management of inflammatory bowel disease with
Clostridium difficile infection
Julie D’Aoust, Robert Battat, Talat Bessissow
Julie D’Aoust, Division of Internal Medicine, Jewish General
Hospital, Montreal QC H3G 1A4, Canada

Revised: May 16, 2017
Accepted: June 18, 2017
Article in press: June 19, 2017
Published online: July 21, 2017

Robert Battat, Division of Gastroenterology, Jewish General
Hospital, Montreal QC H3G 1A4, Canada
Robert Battat, Talat Bessissow, Division of Gastroenterology,
McGill University Health Centre, Montreal QC H3G 1A4,
Canada

Abstract
AIM
To address the management of Clostridium difficile
(C. difficile ) infection (CDI) in the setting of suspected
inflammatory bowel disease (IBD)-flare.
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METHODS
A systematic search of the Ovid MEDLINE and EMBASE
databases by independent reviewers identified 70
articles including a total of 932141 IBD patients or IBDrelated hospitalizations.
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RESULTS
In those with IBD, CDI is associated with increased
morbidity, including subsequent escalation in IBD
medical therapy, urgent colectomy and increased
hospitalization, as well as excess mortality. Vancomycincontaining regimens are effective first-line therapies
for CDI in IBD inpatients. No prospective data exists
with regards to the safety or efficacy of initiating or
maintaining corticosteroid, immunomodulator, or
biologic therapy to treat IBD in the setting of CDI.
Corticosteroid use is a risk factor for the development
of CDI, while immunomodulators and biologics are not.
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CONCLUSION
Strong recommendations regarding when to initiate
IBD specific therapy in those with CDI are precluded by
a lack of evidence. However, based on expert opinion
and observational data, initiation or resumption of
immunosuppressive therapy after 48-72 h of targeted
antibiotic treatment for CDI may be considered.
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diagnostic assay, albeit the slowest, requiring several
days to result and therefore possibly delaying initiation
of therapy.
While C. difficile is often pathogenic and accounts
for significant morbidity and mortality in the healthcare and community setting, it has also been found
[5-7]
to colonize the stool of healthy children and adults .
CDI is most commonly defined as the presence of C.
difficile toxin in the context of characteristic clinical
[4]
manifestations including diarrhea and abdominal pain .
CDI rates are increasing in the general population.
Health care institutions have seen large outbreaks
of CDI as well as the emergence of hypervirulent
[8-10]
strains
. Surveillance of CDI in the United States
has demonstrated a shift in the epidemiology to more
community-acquired infections. A nationwide study
of CDI in the United States using Emerging Infections
Program data from the Centers for Disease Control
estimated 453000 incident infections in 2011, of which
only 24% were identified during hospitalization, as
[11]
opposed to the outpatient setting .
Decreased intestinal microbial diversity along with
an inadequate immune response is thought to play a
[12-14]
causative role in the development CDI
. Antibiotic
exposure, leading to alterations in the gut microbiota,
has been identified as a traditional risk factor for
CDI. IBD also predisposes to CDI and accounts for
considerable excess morbidity and mortality along with
increased systemic costs in IBD patients. Reductions
in gut microbial diversity as well as an increase in
pro-inflammatory species have been identified in
[15]
IBD patients . Although a causative role for this
dysbiosis in the development of IBD has not been well
established, it is plausible that dysbiosis may play a
role in increasing CDI risk in IBD patients. Due to an
overlap in symptomatology, CDI also gives rise to a
series of diagnostic and therapeutic challenges in the
IBD population.
This systematic review aims to summarize the
management of patients with CDI and concurrent,
suspected IBD flares. The epidemiology, risk factors,
and methods of diagnosis for CDI in IBD patients are
also summarized.

Inflammatory bowel disease; Ulcerative colitis; Crohn’s
disease; Corticosteroids
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Clostridium difficile infection (CDI), common
and increasing in inflammatory bowel disease (IBD), is
associated with worse outcomes in IBD. Vancomycincontaining regimens are effective first-line therapies
for CDI in IBD. Ambiguity exists on the treatment of
IBD flare in patients with CDI; however, case reports
suggest corticosteroid initiation after appropriate
antibiotic therapy may be effective.
D’Aoust J, Battat R, Bessissow T. Management of inflammatory
bowel disease with Clostridium difficile infection. World J
Gastroenterol 2017; 23(27): 4986-5003 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i27/4986.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i27.4986

INTRODUCTION
Inflammatory bowel disease (IBD), comprised of
Crohn’s disease (CD) and ulcerative colitis (UC),
are chronic, idiopathic inflammatory gastrointestinal
disorders. The pathogenesis of IBD, although in
completely understood, is thought to arise from inter
actions between environmental and host factors. CD
and UC are characterized by recurrent episodes of
relapsing inflammation of the gastrointestinal tract
with variable clinical manifestations and potentially
serious complications including bleeding, perforation
[1,2]
and abscess formation .
Clostridium difficile (C. difficile), a gram-positive
spore-forming anaerobe, is highly transmissible
through the fecal-oral route and its exotoxins cause a
spectrum of disease ranging from mild or moderate
diarrhea to fulminant infectious colitis occasionally
complicated by toxic megacolon, colonic perforation,
[3]
sepsis, and death .
Several diagnostic assays exist to assess for
Clostridium difficile infection (CDI). DNA-based tests
or nucleic acid amplification tests via polymerase
chain reaction (PCR) for C. difficile toxin genes (tcdA
and tcdB) have been found to be more sensitive
than toxin A and B enzyme immunoassays (EIA)
and are currently recommended as the preferred
[4]
diagnostic test for CDI . Other, less commonly used
diagnostic assays for CDI include EIA for glutamate
dehydrogenase (GDH, a protein produced by both
toxigenic and non-toxigenic strains) with confirmatory
testing via EIA for toxin genes. This has fallen out
of favor in view of the more sensitive and rapid PCR
assay. The advent of DNA-based testing may partially
contribute to the observed increased incidence of CDI.
Toxigenic culture is considered to be the gold standard

WJG|www.wjgnet.com

MATERIALS AND METHODS
Data sources and searches

We performed a systematic search of MEDLINE and
Ovid EMBASE databases (Figure 1). Eligibility criteria
for included studies were decided a priori. Two authors
(D’Aoust J and Battat R) independently judged study
eligibility. “Clostridium difficile”, “pseudomembranous
colitis”, “inflammatory bowel disease”, “Crohn’s
disease”, and “ulcerative colitis” were used as search
terms. MESH subheadings were combined using the
Boolean operators “AND” and “OR” for full articles
published in the English language between 1946 and
the third week of January 2017. Additional publications
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Ovid MEDLINE and EMBASE search

5 additional records identified
through other sources, including 3
case reports

Cross-referenced terms: "ulcerative
colitis OR inflammatory bowel
disease OR Crohn’s disease"
and
"Clostridium difficile OR
pseudomembranous colitis"

2566 records identified (1965 after
duplicate removed)

401 English, full-text articles
assessed for eligibility based on
abstract and title

1564 citations excluded

331 full-text articles exclued
137 wrong design
194 wrong population

70 studies included in qualitative
review

Figure 1 Search strategy for the selection of articles on Clostridium difficile infection in inflammatory bowel disease.

were retrieved from included studies and relevant
review articles. Publications identified as duplicates
were excluded. Cases of disagreement were resolved
by discussion and joint analysis of articles by two
reviewers (D’Aoust J and Battat R).

was retrieved from relevant references for inclusion.
Articles retained included a total of 932141 IBD
patients or IBD-related hospitalizations (526765 UC;
312240 CD; 161 IC; 92 975 not-reported).

DISCUSSION

Study selection

Epidemiology of CDI in IBD

Study titles and abstracts obtained from database
searches were reviewed to identify those addressing
CDI in IBD. Studies analyzing adult and pediatric
patients were included. Case reports and case series
were included if the management of IBD and CDI was
discussed, due to limited data on this topic. Articles
not pertaining to this topic in the title or abstract were
excluded. Letters, editorials, and review articles were
excluded. Data referring to the incidence, risk factors,
diagnosis, management, and outcomes of C. difficile
infection in patients with IBD were extracted from the
articles. Data extraction was performed and agreed on
by two authors (D’Aoust J and Battat R).

Both an increasing burden of disease, as well as
preponderance for community-acquired infection is
reflected in the IBD population. Several studies have
documented the changes in CDI epidemiology over
time in IBD patients (Table 1). In adult inpatients with
IBD, CDI incidence increased two to threefold in the
early 2000s and more so in pediatric populations, with
[16-19]
the largest rise in incidence among UC patients
.
Several studies demonstrate a disproportionate rise in
CDI in the IBD population as compared to the general
[16,17]
[20]
population
, while others do not .
The epidemiological studies of CDI in IBD are
heterogeneous with regards to patient population,
disease activity, sampling time frame, and diagnostic
assay sensitivity. Reported incidences of CDI in pediatric
and adult populations reflect this heterogeneity
(Table 1). In mixed inpatient and outpatient adult IBD
populations, the incidence of CDI ranges between
[21-25]
5.1%-16.7%
.
Studies report the incidence of CDI in CD adult
[26-30]
inpatients between 1.0 and 7.7%
. In adult UC
inpatients, the incidence of CDI ranges from 2.8%

RESULTS
The search strategy, summarized in Figure 1, revealed
396 full-texts, English-language articles. Sixty-five
articles were retained from the database search after
applying the exclusion criteria. Two additional articles
were retrieved from references. Two case reports
discussing the management of CDI with corticosteroids
were included. One additional case series on this topic
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Table 1 Epidemiology of Clostridium difficile infection in inflammatory bowel disease
Ref.
Keighley[92] (1983)
Gurian et al[93] (1983)
Rolny et al[26] (1983)
Greenfield et al[21] (1983)
Burke et al[94] (1987)
Gryboski[95] (1991)
Meyer et al[22] (2004)
Mylonaki et al[23] (2004)
Issa et al[24] (2007)

Rodemann et al[16] (2007)

Patient population

Sampling
time frame

Diagnosis method

Disease
activity

Conclusions

IBD adult inpatients

1978-1980

Active

IBD adult inpatients and
outpatients
IBD adult inpatients

1980-1981

Active

CDI incidence (%) IBD: 5.7; UC 4.7;
CD 6.3
CDI incidence (%) IBD: 0

Active

CDI incidence (%) UC: 5; CD: 7.7

IBD adult inpatients and
outpatients
IBD adult outpatients

1980-1981

Mixed

CDI incidence (%) UC: 13.7; CD:
13.2
CDI incidence (%) IBD 3.2

IBD pediatric inpatients
and outpatients
IBD adult inpatients and
outpatients
IBD adult inpatients and
outpatients
IBD adult inpatients and
outpatients

1986-1990

1997-2001

Stool culture on selective
medium + cytotoxicity assay
Stool culture on selective
medium + cytotoxicity assay
Stool culture on selective
medium + cytotoxicity assay
Stool culture on selective
medium + cytotoxicity assay
Stool culture on selective
medium + cytotoxicity assay
Stool culture on selective
medium + cytotoxicity assay
Immunoassay for Toxin A until
2001 then EIA for Toxin A/B
ELISA for Toxins A/B

2005

ELISA for Toxins A/B

Active

IBD pediatric and adult
inpatients (United States)

1998-2004

Cell cytotoxic culture

Active

CDI incidence (%) IBD 16; UC: 18;
CD 14
CDI incidence (%) IBD: 16.7; UC:
12.5; CD: 23.8; IC: 11.1
CDI incidence (%) IBD: 5.5; CD:
13.2
CDI incidence (%) UC: 6.1; CD: 4.1
IBD patients accounted for 4% of
the total CDI patient cohort in 2003,
7% in 2004, and 16% in 2005
CDI incidence (%) UC: 3.9; CD: 1.6
CDI incidence increase: UC > CD >
non-IBD
Non-IBD population: 8.5 to
15.9/1000 admissions
CD: 9.5 to 22.3/1000 admissions
UC: 18.4 to 57.6/1000 admissions
CDI incidence (%) UC: 18.3

1980-1981

1984-1986

2000-2001

Active
Active
Active
Active

2002 onwards C. difficile Toxin
A/B immunoassay

Shen et al[33] (2008)

UC adult outpatients with
IPAA
IBD and non-IBD CDI
adult inpatients

2005-2006

ELISA for Toxin A/B

Mixed

2000-2008

EIA for Toxin A until 2005, then
EIA for Toxins A/B

Active

Balamurugan et al[96] (2008)

UC adult outpatients

2004-2005

Mixed

Ananthakrishnan et al[18] (2008)

IBD and non-IBD CDI
adult inpatients

1998-2004

PCR for C. difficile
Toxin A/B ELISA
N/R

1998-2004

N/R

N/R

Pascarella et al[35] (2009)

IBD and non-IBD adult
inpatients
IBD pediatric inpatients

Ricciardi et al[27] (2009)

IBD adult inpatients

1993-2003

IBD pediatric outpatients

2005-2007

IBD adult inpatients

1998, 2004,
2007

UC pediatric and adult
inpatients and outpatients
IBD pediatric patients

Bossuyt et al[20] (2009)

Nguyen et al[17] (2008)

Wultańska et al[36] (2010)
Ananthakrishnan et al[58] (2011)

Kaneko et al[46] (2011)
Mezoff et al[37] (2011)
Ott et al[28] (2011)
Banaszkiewicz et al[38] (2012)
Antonelli et al[29] (2012)
Murthy et al[31] (2012)
Lamousé-Smith et al[97] (2013)

2005-2007

N/R

Enzyme immunoassay for toxins Mixed
A/B
N/R
Active

EIA for Toxins A/B
or PCR
N/R

Mixed

2006-2009

ELISA for Toxin A

Active

2007-2008

EIA for Toxins A and B

Mixed

IBD adult inpatients

2001-2008

Active

IBD pediatric inpatients
IBD adult inpatients
UC adult inpatients
IBD pediatric inpatients
and outpatients
(United States)

2007-2010
2007-2010
2002-2008
2006-2012

ELISA for Toxins A/B or
characteristic histology
EIA for Toxins A and B
N/R
N/R
PCR for Toxin B +/- ELISA for
Toxin A/B
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N/R

Mixed
Active
Active
Mixed

All patients: 3.75-fold increase
in CDI between 2000-2003 and
2004-2008
CDI incidence (%) UC: 92
CDI incidence increase: UC: 24
to 39/1000 discharge ; CD: 8 to
12/1000 discharges
CDI incidence increase: UC: 26.6 to
51.2/1000 discharges
CDI incidence (%) UC: 21.3; CD: 35
CDI incidence (%) UC: 2.8; CD: 1.0
CDI incidence increase: IBD: 12.2 to
21/1000 discharges; CD + colonic
involvement: 12.2 to 23.1/1000
discharges
CDI incidence (%) IBD: 60; UC: 61;
CD: 59
CDI incidence increase: CD: 0.8 to
1.5% of hospitalizations; UC: 2.4 to
5.3% of hospitalizations
Absolute mortality increase in CDI
+ IBD (5.9% to 7.2%)
CDI incidence (%) UC inpatient:
36.6; UC outpatient: 41.7
CDI incidence (%) UC: 5.8; CD: 7.8;
IC: 11.1
CDI incidence (%) IBD: 4.0; CD:
13.2; UC: 4.7
CDI incidence (%) IBD: 47
CDI incidence (%) UC: 11.1; CD: 1.7
CDI incidence (%) UC: 9.0
CDI incidence (%) UC: 18.4; CD:
11.6
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Masclee et al[47] (2013)
Mir et al[39] (2013)

Pant et al[98] (2013)

Li et al[34] (2013)
Martinelli et al[40] (2014)
Regnault et al[30] (2014)

Negrón et al[32] (2014)
Hourigan et al[99] (2014)

Krishnarao et al[25] (2015)
Sandberg et al[19] (2015)

Simian et al[100] (2016)
Roy et al[101] (2016)

IBD adult outpatients

2009-2010

PCR for C. difficile and Toxin
A/B
EIA or PCR for Toxin A/B

Active CDI incidence (%) IBD: 4.9; UC: 3.4;
CD: 5.9
IBD pediatric patients
2010-2012
N/R CDI incidence (%) IBD: 8.1; UC: 5.6;
CD: 9.3 ; IBDU: 11.1
No significant variation in IBD
incidence over 3 yr
IBD pediatric inpatients
2000, 2003,
N/R
N/R CDI incidence increase: IBD: 21.7 to
2006, 2009
28 cases/1000 IBD cases per year;
UC: 28.1 to 42.2/1000 cases per
year; CD: 18.3 to 20.3/1000 cases
per year
IBD adult outpatients with 2010-2011
PCR for Toxin B gene
Active
CDI incidence (%) IBD: 10.7; UC:
IPAA
10.4; CD: 0; IC: 25.0
IBD pediatric inpatients
2010-2011
EIA for Toxins A/B
Mixed CDI incidence (%): IBD: 10.0; UC:
and outpatients
7.5; CD: 11.9
IBD adult inpatients
2008-2010
Stool culture on selective
Active CDI incidence (% hospitalizations):
medium + cytotoxicity assay +/IBD: 7.0; UC: 6.8; CD: 7.2
toxigenic culture
UC adult inpatients
2000-2009
EIA for Toxins A/B
Active
CDI incidence (%) UC: 6.1
IBD and non-IBD pediatric 1993-2012
N/R
N/R CDI incidence increase: IBD: 19.9 to
and adult inpatients
67/1000 admissions
Rate of increase in CDI not
significantly different between
patients with or without IBD
IBD adult inpatients and
2008-2011
EIA and PCR
Mixed
CDI incidence (%) IBD: 5.1
outpatients
IBD pediatric inpatients
1997-2011
N/R
N/R
Hospitalization rate increase:
CDI + IBD: 2.8 to 14.4 per million
population per year
Rate of increase for UC + CDI = CD
+ CDI
IBD adult and pediatric
2014-2015
PCR
N/R
CDI incidence (%) UC: 5.0; CD: 5.0
inpatients and outpatients
CD adult outpatients on
1992-2015
N/R
N/R
CDI incidence (%) CD: 2.0
chronic antibiotic therapy
> 6 mo

IBD: Inflammatory bowel disease; UC: Ulcerative colitis; CD: Crohn’s Disease; IC: Indeterminate colitis; IBDU: Inflammatory bowel disease unclassified;
IPAA: Ileal anal-pouch anastomosis; EIA: Enzyme immunoassay; ELISA: Enzyme linked immunosorbent assay; PCR: Polymerase chain reaction ; N/R: Not
reported.

[26-32]

to 11.1%
. In adult outpatients with ileal-anal
pouch anastomosis (IPAA) for IBD, incidence of CDI
[33,34]
is 10.7%-18.3%
. The incidence of CDI in IBD
among pediatric patients is 7.8%-69%, similarly with
a higher incidence among patients with UC as opposed
[35-40]
to CD
.

recent antibiotic use as a risk factor for CDI and
[23,43,44]
recurrent CDI in both CD and UC
. In one study,
antibiotic exposure within 30 d prior to C. difficile
testing was associated with a twelve-fold risk of CDI
[43]
in UC patients (95%CI: 1.2-124.2) . Several others
[30,34,35,43,45-47]
contradict this
. Scarce evidence supports
nonsteroidal anti-inflammatories (NSAIDs) and proton
pump inhibitors (PPIs) as risk factors for CDI in IBD.
One retrospective cohort study of 480 IBD patients
hospitalized for a flare who also underwent C. difficile
testing, describes NSAID use within two months prior
to admission as a predisposing factor for CDI (OR =
[30]
3.8, 95%CI: 1.2-12.3, P = 0.02) . No studies have
identified gastric acid-suppressive therapy as a risk
[30,34,43-46]
factor for CDI in the IBD population
.
Most studies demonstrate ongoing steroid, biologic,
or immunomodulator therapy does not increase the
[30,34,35,43,45-47]
risk of CDI in IBD patients
, however, some
contradictory evidence exists. A retrospective cohort
study of 999 IBD inpatients (737 CD and 262 UC)
report a greater than two-fold increased risk of CDI
with maintenance immunomodulator use, defined
as azathioprine, 6-mercaptopurine, or methotrexate

Risk factors for CDI in IBD

In patients with CDI and IBD, risk factors are
categorized into environmental and host risk factors,
including those specific to IBD. Several studies have
demonstrated that IBD itself is an independent
risk factor for CDI in both adult and pediatric
[16,35,41]
populations
.
In the general population, many host and en
vironmental risk factors have been identified. These
include antibiotic exposure, specifically broad-spectrum
antibiotics, as well as recent hospitalization, immuno
[42]
suppression, increased age, and comorbidities .
In IBD populations, risk factors for CDI appear to
be partly distinct (Table 2). Evidence is contradictory
regarding antibiotic use as a risk factor for CDI in
IBD patients. Three retrospective studies identified
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Table 2 Risk factors for Clostridium difficile infection in inflammatory bowel disease
Ref.

Sampling time
frame

Setting

Razik et al[44] (2016)

2010-2013

Inpatient

McCurdy et al[54] (2016)

2005-2011

Seril et al[45] (2014)

2010-2013

Inpatient and
outpatient
Inpatient and
outpatient

Regnault et al[30] (2014)

2008-2010

Inpatient

Connelly et al[52] (2014)

N/R

N/R

Ananthakrishnan et al[102] (2014)
Ananthakrishnan et al[56] (2013)

1998-2010
N/R

N/R
ELISA for Toxin A/B

Monaghan et al[53] (2013)

2009-2012

Inpatient
Inpatient and
outpatient
N/R

Li et al[34] (2013)
Masclee et al[47] (2013)

2010-2011
2009-2010

Outpatient
Outpatient

Kaneko et al[46] (2011)

2006-2009

Kariv et al[43] (2011)

2000-2006

Ricciardi et al[27] (2009)
Schneeweiss et al[49] (2009)

1993-2003
2001-2006

Nguyen et al[17] (2008)

1998-2004

Inpatient and
outpatient
Inpatient and
outpatient
Inpatient
Inpatient and
outpatient
Inpatient

PCR for Toxin B
PCR for C. difficile and
Toxins A/B
ELISA for Toxin A

2005

Inpatient

ELISA for Toxin A/B

Rodemann et al[16] (2007)

1998-2004

Inpatient

Mylonaki et al[23] (2004)

1997-2001

Inpatient

Cell cytotoxic culture
2002 onwards C. difficile
Toxin A/B immunoassay
ELISA for Toxin A/B

Issa et al[24] (2007)

Diagnosis method

Identified risk factors
HOST

ENVIRONMENT

PCR

Non-ileal CD

PCR

CMV infection

Hospitalisation for CDI;
recent antibiotic use;
biologic therapy; 5-ASA;
Steroids
N/A

PCR for Toxin B

Post-surgery mechanical
intestinal complications; low
serum immunoglobulin level
None identified

None identified

IL-4 gene associated SNP
rs2243250
Low vitamin D concentration
Female sex; pancolitis; IBDrelated SNPs
Impaired ability to generate:
toxin-specific antibody,
memory B-cell responses
None identified
None identified

Not studied

Recent hospitalization
None identified

None identified

None identified

EIA for Toxin A/B

Recent surgery

N/R
N/R

Colonic involvement
Not studied

Recent antibiotic use;
recent hospitalization
Not studied
Corticosteroid initiation

N/R

Colonic involvement
Comorbidity
Colonic involvement

Stool culture on selective
medium + cytotoxicity
assay +/- toxigenic culture
PCR for Toxin A gene

Toxigenic culture

Age
Comorbidity
None identified

NSAIDs

Not studied
Protective : Anti-TNF
therapy
Not studied

Not studied
Maintenance
immunomodulator use
Not studied

Recent antibiotic use

CDI: Clostridium difficile infection; rCDI: Recurrent Clostridium difficile infection; IBD: Inflammatory bowel disease; UC: Ulcerative colitis; CD:
Crohn’s Disease; IPAA: Ileal anal-pouch anastomosis; CMV: Cytomegalovirus; CF: Cystic fibrosis; EIA: Enzyme immunoassay; ELISA: Enzyme linked
immunosorbent assay; NSAID: Non-steroidal anti-inflammatories PCR: Polymerase chain reaction; N/R: Not reported.
[24]

(OR = 2.56, 95%CI: 1.28-5.12, P = 0.008) . In
the general population, corticosteroid use increases
[48]
the risk of CDI . However, when analyzing CDI
risk in IBD patients using corticosteroids, studies
were observational and did not control for underlying
disease activity. A large retrospective cohort study
of 10662 IBD inpatients noted a greater than three
times increased risk of CDI within 90 d of corticosteroid
initiation (RR = 3.4; 95%CI: 1.9-6.1) but no increased
risk with preceding biologic therapy. This risk remained
constant after 90 d of corticosteroid therapy and was
[49]
not dose-dependent . Risk factors for recurrent CDI
(rCDI), in addition to recent antibiotic use, included
preceding steroid and biologic therapy. However,
when further stratified, rCDI was associated with in
fliximab use but not adalimumab or immunomodulator
[44]
therapy .
Although there appears to be more community-
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acquired CDI in the IBD population compared to the
general population, recent hospitalization has also
[43,44]
been identified as a risk factor for CDI and rCDI
.
Patients who have undergone colectomy are still at
risk of CDI. Ten point seven percent of symptomatic
IBD patients with ileal anal-pouch anastomosis (IPAA)
were found to be positive for C. difficile toxin in a
[34]
prospective cohort of 196 patients . A retrospective
observational study of 284 UC patients who underwent
IPAA found that 64 patients developed pouchitis.
Three of the four patients in this cohort with antibioticrefractory pouchitis were discovered to have CDI that
[50]
responded to oral vancomycin .
Genetic and immunologic risk factors have been
identified in IBD patients for the development of
[51]
CDI . In a retrospective cohort study of 172 IBD
patients, an interleukin-4-associated single nucleotide
polymorphism (rs2243250) is associated with CDI
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[52]

[53]

in IBD . Monaghan et al
studied the humoral
response to C. difficile toxins A and B in patients with
IBD, cystic fibrosis, and healthy controls, finding that
an impaired ability to sustain or generate strong toxinspecific antibody and B-cell responses could play a role
in CDI development in IBD patients. Furthermore, low
serum immunoglobulins were reported as a risk factor
[34]
for CDI in IBD patients with IPAA . A retrospective
case control study of 306 IBD inpatients and out
patients, found that those with CMV infection were at
[54]
higher risk of being co-infected with C. difficile . As in
the general population, patient comorbidities increase
[16,17,55]
the risk of CDI in the IBD population
. While adult
IBD patients affected by CDI are younger than those
in the general population, increasing age has also been
[16]
reported as a risk factor for CDI .
IBD disease activity is difficult to differentiate from
CDI. Therefore, it is not clear that disease activity is
an independent risk factor for the development of CDI.
Disease location may affect patient risk. CDI is more
often identified in those with UC and CD patients with
[16,24]
colonic involvement
. In a retrospective nested
case-control analysis of a national hospital discharge
database, the prevalence of CDI among IBD patients
with only small bowel disease was significantly lower
than UC patients or CD patients with ileocolonic disease
[17]
and only slightly higher than non-IBD patients .
Extent of disease in UC patients may be a risk factor
for CDI. A prospective cohort study of 319 UC patients
found pancolitis to be a risk factor for CDI (OR = 2.52,
[56]
95%CI: 1.03-6.17) .

IPAA failure also is associated with a history of
CDI. A retrospective chart-review study of 417 IBD
patients undergoing IPAA found that a history of CDI
prior to colectomy in IBD patients was independently
associated with IPAA failure (HR = 3.02, 95%CI:
[61]
1.23-7.44) .
While CDI alone is associated with significant
morbidity and mortality, it is thought that CDI may
actually lead to a flare in IBD activity resulting in
further morbidity. This is supported by a retrospective
cohort study of 146 adult UC inpatients and outpatients
reporting increased escalation in therapy among
patients with CDI in the year after index admission
[60]
compared to the year prior . A retrospective nested
case control study of 238 pediatric IBD inpatients with
and without CDI similarly demonstrated significant
escalation in therapy among those with CDI as
[62]
compared to those without after the infection .

Diagnosis of CDI in IBD

The overlap in symptomatology between CDI and
isolated IBD flare complicates the diagnosis of CDI in
IBD patients. CDI and acute inflammatory colitis are
clinically indistinguishable. Therefore, a diagnosis relies
primarily on laboratory findings, and to a lesser degree
endoscopic or histologic findings.
It is recommended to test all patients with acute
[63]
flares presenting with diarrhea for CDI . Despite its
impact on outcome and management, many patients
with newly diagnosed IBD or flaring IBD are not
tested for CDI. A retrospective cohort study of adult
IBD inpatients report that C. difficile testing within 48
h for patients hospitalized for an IBD flare was only
performed on 59% of 813 consecutive hospitalizations.
A diagnosis of UC or CD with colonic involvement was
[30]
noted to be independent predictors of CDI testing .
In a retrospective cohort study of pediatric patients
with newly diagnosed IBD, only 42% of 290 cases had
[39]
testing for C. difficile around the time of diagnosis .
Compared to previously discussed diagnostic
methods, pseudomembranes on colonoscopy are
specific but not sensitive to diagnose CDI in IBD
patients. In a multi-center retrospective study of 93
IBD patients hospitalized with CDI who underwent
colonoscopy, only 13% were noted to have pseudo
membranes. The presence of pseudomembranes was
[64]
not found to significantly impact clinical outcomes . A
retrospective case-control study of CDI in IBD and nonIBD patients found that none of the IBD-CDI patients
had pseudomembranes on endoscopy compared to
[20]
nearly half of the non-IBD-CDI group . A retrospective
study of 37 flaring UC patients assessed histological
changes on colonic biopsies with or without CDI. They
reported that although those with CDI had significantly
more microscopic pseudomembranes than the controls
without CDI, less than half of the specimens of CDI
[65]
patients had this finding .
Testing via PCR should only be performed on

Impact of CDI in IBD

CDI negatively impacts short and long-term IBDrelated outcomes, including rates of colectomy, escalation
in IBD therapy, and mortality. It also results in longer
hospitalizations, increased readmission rates, and
increased in-hospital expenditures (Table 3).
Increased mortality among IBD patients with CDI
has been reported in numerous adult inpatient studies
[17]
compared to non-IBD patients with CDI
and IBD
[31,55,57,58]
patients without CDI
. Furthermore, it appears
that this excess mortality is not limited to the index
hospitalization. A retrospective cohort study of 2016
adult UC inpatients described increased mortality
among patients with CDI compared to those without
CDI in the five years post-discharge (HR = 2.41,
[31]
95%CI: 1.37-4.22) .
Colectomy rates have been reported to be higher
in IBD patients with CDI. A retrospective case control
study of 99 adult UC inpatients reported CDI at index
admission significantly predicted colectomy within one
[59]
year . Higher rates of colectomy among IBD patients
with CDI have been similarly reported in other large
adult inpatient studies compared to non-IBD patients
[44]
with CDI (6.4% vs 0.3%)
and IBD patients without
[32,57,59,60]
CDI (OR = 1.87-10.0)
during index admission
and up to one year following the initial episode.
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Table 3 Outcomes of inflammatory bowel disease patients with Clostridium difficile infection
Ref.
Razik et al[44] (2016)

Patient population

Sampling
time frame

Study design

n

Outcomes

Adult CDI
IBD + CDI

2010-2013

Retrospective, singlecenter, cohort study

503

Retrospective,
observational, singlecenter cohort study
Retrospective, casecontrol, single-center,
study

417

Incidence of rCDI
IBD > non-IBD [2.04/100 person-months
(95%CI: 1.55-2.64) vs 1.25 episodes per
100 person-months (95%CI: 1.05-1.48)]
Colectomy
IBD > non-IBD (6.4% vs 0.3%)
CDI pre-colectomy associated with postreconstruction pouch failure (HR = 3.02
95%CI: 1.23-7.44)
Colectomy-free survival at 1 yr
IBD + CDI > IBD + CMV + CDI (71.5% vs
30%)
IBD + CMV controls > IBD + CMV + CDI
(57.1% vs 30%)

2000-2009

Retrospective, casecontrol, multi-center,
database study

481

Inpatient
Skowron et al[61] (2016)

Adult IBD + IPAA
Inpatient (United States)

2000-2010

McCurdy et al[54] (2016)

Adult IBD
IBD + CMV

2005-2011

248

IBD + CMV + CDI

Negrón et al[32] (2014)

IBD + CDI
Inpatient and outpatient
(United States)
Adult UC
Inpatient (Canada)

Horton et al[70] (2014)

Adult IBD
Inpatient (United States)

2006-2010

Retrospective,
observational, singlecenter study

114

Pant et al[98] (2013)

Pediatric IBD
Inpatient (United States)

2000, 2003,
2006, 2009

Retrospective,
nested case-control,
nationwide database
study

12610

Adult IBD + IPAA

2010-2011

Prospective, singlecenter, cohort study

196

2002-2012

Retrospective, singlecenter, observational
study

23

Adult IBD
Inpatient (United States)

2007

Adult UC
Inpatient (Canada)

2002-2008

Retrospective,
nested case-control,
nationwide database
study
Retrospective,
database, cohort study

Li et al[34] (2013)

Chu et al[103] (2013)

Ananthakrishnan et al[55]
(2013)

Murthy et al[31] (2012)

Outpatient (United
States)
Adult UC + CDI
Inpatient (United States)
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Emergent surgery
CDI + UC > UC alone [OR = 3.39 (95%CI:
1.02-11.23)]
Development of new infectious
postoperative complication
CDI + UC > UC alone (OR = 4.76, 95%CI:
1.10-20.63)
Readmission:
UC + CDI > CD + CDI (24% vs 10%, P =
0.04)
IBD + steroids > no-steroids (29% vs 8%,
P < 0.01)
Colectomy:
UC + CDI > CD + CDI, index admission
(27.4% vs 0%, P < 0.01)
IBD + steroids > no-steroids (32% vs 6%,
P < 0.01)
LOS:
CDI + IBD > IBD (8.0 vs 6.0, aRC = 2.1 d,
95%CI: 1.4-2.8)
Hospitalization cost:
CDI + IBD > IBD alone ($45126 vs $34703,
aRC = $11506, 95%CI: 6192-16829)
Parenteral nutrition:
CDI + IBD > IBD alone (15.9% vs 12.1%
aOR = 1.5, 95%CI: 1.1-2.0)
Blood transfusions:
CDI + IBD > IBD alone (17.7% vs 9.8%,
aOR = 1.8, 95%CI: 1.4-2.4).
42.9% cured by single course of
Vancomycin
57.1% recurrent/refractory CDI

Morbidity and mortality after colectomy:
UC + CDI + full antibiotic course preop = UC + CDI + incomplete antibiotic
course pre-op
67221
Mortality:
CDI + IBD vs IBD alone (OR = 3.23,
hospitalizations
95%CI: 2.55-4.03).
2016

Mortality:
CDI + UC > UC alone, 5-yr risk (aHR =
2.40, 95%CI: 1.37-4.20)
CDI + UC > UC alone, index
hospitalization (aHR = 8.90, 95%CI:
2.80-28.3)
CDI + UC > UC alone, 5 years postdischarge (aHR = 2.41, 95%CI: 1.37-4.22)
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Navaneethan et al[60] (2012)

Jen et al[57] (2011)

Kariv et al[43] (2011)

Ananthakrishnan et al[58]
(2011)

Adult UC
Inpatient and outpatient
(United States)

2002-2007

Adult IBD
Inpatient (England)

2002-2008

Adult UC

2000-2006

Inpatient and outpatient
(United States)
Adult IBD
Inpatient (United States)

1998, 2004,
2007

Kelsen et al[62] (2011)

Pediatric IBD
Inpatient (United States)

1997-2007

Jodorkovsky et al[59] (2010)

Adult UC
Inpatient (United States)

2004-2005

Ben-Horin et al[64] (2010)

Adult IBD + CDI
Inpatient (Europe/Israel)

2000-2008

Nguyen et al[17] (2008)

IBD and non-IBD controls
Inpatient (United States)

1998-2004

Retrospective, singlecenter, cohort study

146

UC-related ER visits:
CDI + UC vs UC alone, 1 yr post index
infection (37.8% vs 4%, P < 0.001)
Colectomy:
CDI + UC vs UC alone, 1 yr post index
infection (35.6% vs 9.9%, P < 0.001)
CDI associated with colectomy within 1
yr (OR = 10, 95%CI: 2.7-36.3)
Escalation in therapy:
CDI + UC year after CDI admission vs
year prior (55.8% vs 12.9%, P < 0.0001)
Retrospective,
241478
Mortality:
nested case-control, hospitalizations IBD + CDI (defined as hospital-acquired
> IBD alone (aOR = 6.32, 95%CI: 5.67-7.04)
nationwide database
LOS:
study
IBD + CDI > IBD alone (27.9 d longer)
GI surgery:
IBD + CDI > IBD alone (aOR = 1.87,
95%CI: 0.60-5.85)
Single-center
78
Colectomy within 3 mo not associated
with CDI
No UC or CDI associated mortality
identified
Retrospective,
Mortality:
IBD + CDI > IBD alone, from 1998 to 2007
nested case-control,
(OR = 2.38, 95%CI: 1.52-3.72 to OR = 3.38,
nationwide database
95%CI: 2.66-4.29).
study
Retrospective, nested
315
rCDI:
CDI + IBD > CDI-alone (34% vs 7.5%, P <
case-control, single0.0001)
center study
Escalation in therapy:
IBD + CDI > IBD alone (67% vs 30%, P <
0.001)
Retrospective, single99
UC-related hospitalizations:
CDI + IBD > IBD alone, over 1 yr
center, case-control
Colectomy:
study
CDI at index admission predictor for
colectomy within 1 yr (OR = 2.38, 95%CI:
1.01-5.6)
CDI status not a significant predictor for
requirement for emergent colectomy at
index admission
LOS:
CDI + IBD = IBD alone
Retrospective, multi93
Morbidity and mortality:
IBD + CDI patients + pseudomembranes
center, cohort study
on endoscopy = IBD + CDI without
pseudomembranes
Retrospective,
116842
Mortality:
nested case-control, hospitalizations UC + CDI > CDI alone (OR = 3.79, 95%CI:
2.84-5.06)
nationwide database
LOS:
study
CD + CDI > CDI alone
Hospitalization cost:
UC + CDI > CDI alone

CDI: Clostridium difficile infection; rCDI: Recurrent clostridium difficile infection; IBD: Inflammatory bowel disease; UC: Ulcerative colitis; CD: Crohn’s
disease; IPAA: Ileal anal-pouch anastomosis; CMV: Cytomegalovirus; OR: Odds ratio; aOR Adjusted odds ratio; aRC: Adjusted regression coefficient; LOS:
Length of stay.
[67]

unformed stools to limit false positives. Asymptomatic
carriers of toxigenic C. difficile exist in both IBD
patients and the general population. Asymptomatic
carriage rates vary significantly with the patient
[66]
population under study . A rate of 8.2% has been
reported in an adult outpatient IBD population
with stable disease compared to 1.0% in healthy
controls, with higher rates in UC patients compared
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to those with CD . A prospective case-control study
of 163 pediatric outpatients reports a significantly
higher carriage rate in those with IBD than in healthy
controls (17% vs 3%), which was not associated
[68]
with recent hospitalization . There are no studies
evaluating treatment of the asymptomatic carriage of
C. difficile. Evidence is lacking to suggest that treating
asymptomatic C. difficile carriers has any future
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impact on IBD disease activity or the development of
symptomatic CDI. However, in the general population,
carriage of C. difficile in the absence of symptoms
carries a protective effect against future symptomatic
[7]
CDI . This protective effect has not been studied in
the IBD population.
It has been demonstrated that the asymptomatic
shedding of C. difficile spores can continue for weeks
[69]
following the resolution of symptoms . Therefore,
test of cure is not recommended. However, in patients
with IBD and CDI where symptom overlap creates
both diagnostic and therapeutic challenges, repeat
testing in patients with ongoing diarrhea may guide
management, despite the risk of false-positive results.

above, demonstrating increased risk of CDI, rCDI,
and worse outcomes among IBD patients receiving
[44,49,70]
corticosteroids
. However, these patients were
receiving corticosteroids prior to CDI, and no analysis
has been performed for initiation of corticosteroids in
IBD patients with CDI on appropriate antimicrobial
therapy.
Literature on initiating corticosteroids for IBD
flares in patients with concomitant CDI is limited to
case reports yielding promising results with patients
experiencing remission of symptoms after starting
corticosteroid therapy when appropriate antibiotics had
failed to do so (Table 5). Similarly, data regarding the
initiation of corticosteroids in patients with CDI in the
general population is scarce. Corticosteroids have been
successfully used as adjunctive therapy to antibiotics
in infectious processes such as meningitis, pneumonia,
[72-74]
and sepsis
. While the benefit of corticosteroids
seen in these infections may not predict an effect in
CDI, it does confer biologic plausibility.
Conversely, a European retrospective, nonrandomized, multi-center study of 155 IBD patients
hospitalized with CDI evaluated the effects of antibiotics
and immunomodulators compared to antibiotics
alone. Immunomodulators were defined as any of the
following: corticosteroids at a dose equal to or above
20 mg of prednisone daily, thiopurines at any dose,
methotrexate, cyclosporine, tacrolimus, or biologics
of any kind. Furthermore, there was no indication of
whether therapy was for induction or maintenance of
IBD. Conclusions are thus limited by the heterogeneity
in the definition of immunomodulator use and antibiotic
regimens. Nonetheless, combination of antibiotic
and immunomodulator therapy was associated with
higher morbidity and mortality compared to antibiotic
[75]
monotherapy . Most recent AGA practice guidelines
suggest postponing escalation of steroids in the setting
of acute CDI until 72 to 96 h after the initiation of
appropriate antibiotic therapy. However, they refrain
from providing further guidance on when to withhold,
continue, or escalate corticosteroid therapy given the
[76]
current absence of prospective data .

Treatment of CDI in IBD patients

In patients with confirmed CDI, distinguishing between
symptoms resulting from infection, as opposed to
a flare of underlying IBD, creates a management
dilemma. There are no randomized controlled trials
(RCT) of therapy in IBD patients with CDI to help
guide practice. Guidelines outlining the approach
to eradication of C. difficile via antibiotic therapy or
fecal microbiota transplant (FMT) in the setting of
recurrent CDI also include recommendations for the
[3]
IBD population . IBD outpatients with non-severe CDI
can be initially treated with metronidazole, however
IBD inpatients regardless of disease severity should
receive a vancomycin-containing regimen as first-line
[70]
therapy (Table 4) . In addition to medical therapy,
specific infection control measures should also be put
in place, including hand-washing to minimize fecal-oral
transmission of C. difficile spores, as well as isolation
of patients with CDI under contact-precautions.

Management of IBD flares in patients with CDI

While the treatment of isolated CDI is well studied, the
initiation, maintenance or escalation of corticosteroid,
immunomodulator or biologic therapy in IBD patient
with CDI is not delineated and relies heavily on expert
opinion.

Corticosteroids

In the setting of suspected IBD flare in a patient
with known CDI, concurrent corticosteroid therapy
[3,71]
is reasonable and supported by expert opinion
.
Nevertheless, significant uncertainty exists among
practitioners with regards to the initiation of cor
ticosteroid therapy and its safety in the context of an
ongoing CDI-mediated colitis. A survey of 169 North
American gastroenterologists demonstrated divergence
among clinicians with regards to initiating therapy
in hospitalized UC patients with CDI; 54% opted for
antibiotic monotherapy compared to 46% opting for
a combination of antibiotics with either azathioprine
[71]
or corticosteroids . This concern originates from
findings of several observational studies, detailed
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Immunomodulators and biologic therapy

Recent CDI guidelines suggest, in IBD patients
with CDI, maintaining, but not escalating, existing
immunosuppressive therapy, including immuno
modulators such as azathioprine and methotrexate,
[3]
as well as biologic agents . Guidelines for the
management of opportunistic infections in IBD make
no explicit recommendations regarding these therapies
[77]
in this setting, citing the lack of data available .
As described above, conflicting evidence exists
regarding immunomodulator and biologic therapies
as risk factors for the development of CDI or rCDI.
No published data exists regarding when initiation
of immunomodulating therapy or biologic therapy is
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Table 4 Treatment of clostridium difficile infection in inflammatory bowel disease
Severity

Criteria

[3,4]

Treatment

Comments

First episode
Stop all non-CDI related antibiotic therapy if possible
Mild to moderate disease
Diarrhea and symptoms not meeting
criteria for severe disease

Metronidazole 500 mg by mouth 3 times
In hospitalized patients with UC
per day for 10 d to 14 d
and nonsevere CDI, treatment with
or
a vancomycin-containing regimen vs
Vancomycin 125 mg by mouth 4 times per metronidazole alone resulted in fewer
day for 10 to 14 d
readmissions and shorter LOS[70]
Severe disease
Serum albumin < 3 g/dL AND one of Vancomycin 125 mg by mouth 4 times per
the following:
day for 10 to 14 d
WBC ≥ 15000 cells/mm3
Abdominal tenderness
Creatinine ≥ 133 μmol/L
Severe, complicated disease
Admission to intensive care unit
Vancomycin 500 mg by mouth or
Consider early surgical consultation
nasogastric tube 4 times per day
Hypotension ± vasopressor
and
requirement
Fever ≥ 38.5 ℃
Metronidazole 500 mg IV every 8 h
Ileus
and, if ileus,
Mental status changes
Vancomycin 500 mg in 500 mL saline as
enema 4 times per day
WBC ≥ 35000 cells/mm3 or ≤ 2000
cells/mm3
Serum lactate ≥ 2.2 mmol/L
End organ failure
Recurrent CDI
First recurrence
Metronidazole 500 mg by mouth 3 times
per day for 10 to 14 d
or
Vancomycin 125 mg by mouth 4 times per
day for 10 to 14 d
or
Fidaxomicin 200 mg by mouth 2 times per
day for 10 d
Second recurrence
-Tapered and pulsed vancomycin
or
Fidaxomicin 200 mg by mouth 2 times per
day for 10 d
Subsequent recurrence
-Fecal microbiota transplant
LOS: Length of stay; CDI: Clostridium difficile infection; UC: Ulcerative colitis.

safe in patients with both IBD and CDI. In a study of
14 pediatric patients with predominantly CD being
treated with methotrexate and anti-TNF therapy,
four patients developed CDI. They were treated with
antibiotics with successful clearance of C. difficile but
[78]
ultimately failed combination therapy . It is difficult
to draw conclusions regarding the safety of biologic
and immunomodulator therapy from this due to the
sample size. Figure 2 summarizes our approach to the
patient with IBD who presents with an acute flare in
symptoms for which a C. difficile assay is sent, based
on existing literature.

IBD patients, as demonstrated in a large retrospective
[44]
cohort study (32% vs 24%, P < 0.01) . FMT
has been demonstrated to be a safe and effective
therapy for rCDI in the general population on the
[79-81]
basis of several large RCTs
. Several studies
have analyzed treatment of rCDI in IBD patients. A
retrospective study of immunosuppressed patients
with CDI undergoing FMT included 36 IBD patients,
of which 86% were cured of CDI after one transplant
[82]
and 14% worsened in disease activity . Another
retrospective multicenter study of 67 IBD patients (35
CD; 31 UC; 1 IBDU), of which 64% were receiving
immunosuppressive therapy at the time of FMT, found
that 79% had either resolution of their diarrhea and/
or negative CDI testing at week 12 and 46% had
improved disease activity at 3 mo. Disease activity at 3
mo remained the same or worsened in 36%, and 18%
[83]
of patients, respectively . Adverse events occurred
in 12% of patients at 3 mo. One patient received a
colectomy and two had IBD related hospitalizations. In

Fecal microbiota transplant and recurrent CDI

Existing therapeutic options for rCDI in the general
population include vancomycin pulsed and tapered
regimens, fidaxomicin, as well as fecal microbiota
transplant (FMT). FMT is appealing given the potential
to treat both CDI and IBD simultaneously. The risk
of rCDI increases with each episode and is higher in
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Table 5 Case reports of corticosteroid initiation in Clostridium difficile infection
Reference (year of
publication)

Patient data
Demographics

Cavagnaro et al[104] (2003)

5M

Sykes et al[105] (2012)

54F

73F

91F

Treatment regimen

Outcome

Clinical presentation
Bloody diarrhea (> 10 loose stools/d), Oral vancomycin (40 mg/kg per day Resolution of diarrhea within
tenesmus, abdominal tenderness,
divided in 6-hourly doses) and IV
24 h of steroid initiation
fever
metronidazole (20 mg/kg per day
divided in 8-hourly doses) × 14 d
WBC 19000 cells/mm3, albumin 21
Resolution of endoscopic
g/L
changes at 6 wk
Positive C. difficile toxin
IV methyldrnisolone (2 mg/kg per
day in two divided doses) on day 14
×3d
Pseudomembranous colitis on flexible Prednisone 2 mg/kg per day tapered
sigmoidoscopy on day 14
over one month
Moderate CDI that resolved with 10-d
Oral metronidazole × 10 d with
Decreased stool frequency,
course antibiotics
resolution of symptoms (doses not
normalization of vital signs,
specified)
reduction in CRP to 132 within
48 h of steroid initiation
Recurrent diarrhea and abdominal
Resolution of diarrhea, further
pain 10 d after completion of
reduction in CRP to 15 after 9
antibiotics with
d of steroid therapy
left colonic thickening on CT and
Oral vancomycin and metronidazole
Resolution of endosocopic
positive C. difficile toxin
upon admission (doses not specified)
changes at 1 mo
×4d
Fever, tachycardia on day 4
Sustained clinical response at 5
mo
with pseudomembranous colitis on Oral vancomycin 125 mg every 6 h ×
flexible sigmoidoscopy
9d
CRP increased from 149 on admission IV hydrocortisone 100 mg every 6 h
to 236 on day 4
×9d
Prednisolone 30 mg daily with
tapering regimen
Moderate-severe CDI that resolved
with 10-d course antibiotics

Metronidazole 400 mg every 8 h × 10
d with resolution of symptoms

Resolution of diarrhea,
normalization of vital signs,
reduction in CRP to 7 within
48 h of steroid initiation
Complete clinical response at
14 d with no further relapses

Recurrent moderate CDI 1 wk after
completion of antibiotics that resolved
with another 10-d course of antibiotics
Recurrent CDI 10 d after completion Oral vancomycin 125 mg every 6 h ×
of antibiotics with fever, tachycardia, 10 d with resolution of symptoms
increased CRP 87
Slow response to antibiotics with
flexible sigmoidoscopy on day 8 with
pseudomembranous colitis
Oral vancomycin 125 mg every 6 h ×
8 d with tapering regimen over 14 d
Prednisolone 30 mg daily × 7 d
followed by tapering regimen
Moderate CDI with persistent
Oral metronidazole 400 mg every
Resolution of diarrhea and
diarrhea despite courses of
8 h × 10 d without resolution of
normalization of CRP within
metronidazole and vancomycin
symptoms
72 h of steroid initiation
CRP 11
No further relapses
Flexible sigmoidoscopy with
Oral vancomycin 125 mg every 6
pseudomembranous colitis
h for prolonged course without
resolution of symptoms
Prednisolone 30 mg daily × 14 d
with continued vancomycin tapering
regimen over 4 wk

CDI: Clostridium difficile infection; CRP: C-reactive protein.

a prospective study of 35 IBD patients (13 CD; 22 UC)
undergoing FMT for rCDI, 54% of patients required
escalation of IBD therapy, despite disappearance of C.
[84]
difficile toxin from the stool . Another retrospective
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study of 272 IBD and non-IBD patients undergoing
one FMT for rCDI demonstrated IBD patients had lower
CDI clearance rates than non-IBD patients (74% vs
92% P = 0.0018), independent of immunosuppressive
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New onset diarrhea in IBD patient

C. difficile toxin testing on unformed stool

Negative C. difficile assay

Positive C. difficile assay

Diagnostic tests and therapy as per current
IBD guidelines

Stop non-CDI antibiotics, if possible
Continue IBD therapy without dose escalation
Isolate: contact precautions
CDI therapy (see Table 4: Treatment of CDI in IBD)

Clinical improvement

Complete CDI antibiotic
therapy, as per Current
guidelines
No change to IBD therapy

Within 72 h of CDI therapy: Clinical status
1
Unchanged or worsening

Escalate CDI therapy
Flexible sigmoidoscopy

Pseudomembranes

Continue CDI therapy
Continue IBD therapy
If no improvement: obtain
1
surgical consultation

Continuous colitis:
Compatible with either IBD or enteric infection

Continue CDI therapy
Persistent symptoms: consider corticosteroid
induction therapy
Evidence of systemic toxicity or megacolon:
1
obtain surgical consultation

Figure 2 Approach to potential Clostridium difficile infection in inflammatory bowel disease patients. 1Obtain surgical consultation earlier, as dictated by
CDI guidelines, should there be evidence of toxic megacolon, or concern for rapid deterioration despite medical therapy. CDI: Clostridium difficile infection; IBD:
Inflammatory bowel disease.
[85]

therapy . In follow-up, despite C. difficile toxin
clearance, 50% of UC patients worsened in disease
[86]
activity requiring escalation of therapy .
FMT appears to effectively treat rCDI in IBD
patients, albeit less-so than in the general population.
However, subsequent worsening of disease activity is
consistent throughout the literature. Furthermore, the
effects of FMT on IBD activity are unclear. Outcomes
are heterogeneous regarding FMT as treatment for IBD
[87,88]
[89,90]
alone
. Although several meta-analysis exist
only 2 RCTs with conflicting results regarding UC
patients are included. While one RCT of 70 patients
showed FMT induced clinical remission compared
[88]
to placebo , the other did not achieve a stringent
composite primary end point of clinical remission and
a > 1 point decrease in the endoscopic mayo score in
[87]
37 UC patients . More recently, an RCT of intensive
multidonor FMT (colonoscopic infusion followed by 5
enemas weekly for 8 wk) in 85 UC patients achieved
a primary endpoint of steroid free clinical remission
[91]
with endoscopic remission or response at week 8 .
These results, combined with the efficacy of FMT in the
treatment of rCDI in IBD patients, necessitates future
RCTs analyzing intensive multidonor FMT for rCDI in
IBD patients.
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In conclusion, CDI commonly complicates the
course of IBD but the lack of data precludes formal
strong recommendations on the management of IBD
in patients with CDI. Initiation of corticosteroids in
IBD flares in the context of acute CDI is understudied
but seems to be safe. Initiation or resumption of
immunosuppressive therapy within 48 to 72 h of
targeted antibiotic therapy may be appropriate. To
better understand the treatment of IBD flares in the
context of acute CDI, further studies are needed to
determine the optimal timing and dosing of IBDspecific therapies.
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the appropriate IBD therapy is unclear. This review explored the existing
evidence regarding the management of IBD in patients with CDI.
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Prospective studies evaluating the initiation and maintenance of IBD
therapeutics in patients with CDI are lacking and are needed to help guide
practice.
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Innovations and breakthroughs

While the negative impact of developing CDI in those with IBD has been
well established, the appropriate management of CDI in the IBD population
is less well-defined. Risk factors for the development of CDI in IBD patients
identified in this review include recent antibiotic exposure, hospitalization, and
colonic involvement. Contradictory evidence exists as to whether maintenance
immunosuppressive therapy is a risk factor for the development of CDI. On the
basis of data presented in this study, vancomycin should be used as a firstline regimen for CDI. Case reports suggest that corticosteroid initiation, after
appropriate antibiotic coverage, may be safe in those with CDI and IBD flare.

10

11

12

Applications

The symptoms of an IBD flare and CDI are often indistinguishable. As such,
stool testing for C. difficile should be sent in every flaring IBD patient. Once CDI
is diagnosed, a vancomycin-containing antibiotic regimen should be initiated. In
the setting of ongoing symptoms, not warranting surgical intervention, it remains
unclear when IBD-specific therapy can be initiated. However, case reports and
expert opinion may allow for corticosteroid initiation after 3 d of appropriate CDI
therapy.
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AIM
To evaluate the effect of silymarin on the serum levels
of alanine aminotransferase (ALT), aspartate amino
transferase (AST) and gamma glutamyl transpeptidase
(γGT) in patients with liver diseases.
METHODS
A systematic review with meta-analysis of ramdomized
and controlled clinical trials was performed, evaluating
the effects of sylimarin in patients with hepatic
diseases, published by January 31, 2016. Clinical trials
were sought on the basis of The Cochrane Central
Register of Controlled Trials in the Cochrane Library,
Pubmed/Medline, Scopus, Web of Science, Lilacs and
Clinical Trials. The trials with adult and elderly patients
of both sexes, with Liver Diseases who took oral
silymarin supplementation, as extract or isolated, as
well as Silymarin combined with other nutrients, were
included. The trials should provide information about
the intervention, such as dosages and detailing of the
product used, besides the mean and standard deviation
of serum levels of ALT, AST and γGT of the baseline
and at the end of the intervention.
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RESULTS
An amount of 10904 publications were identified.
From those, only 17 were included in the systematic
review and 6 in the meta-analysis, according to the
used selection criteria. In this meta-analysis, the
results indicated a reduction of 0.26 IU/mL (95%CI:
-0.46-0.07, P = 0.007) at the level of ALT and 0.53 IU/mL
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(95%CI: -0.74-0.32, P = 0.000) at the serum levels
of AST after using the silymarin, both, statistically
significant, but with no clinical relevance. There was no
significant change in the γGT levels. Subgroup analyzes
were also performed for the biochemical markers in
relation to the type of intervention, whether silymarin
isolated or associated with other nutrients and the
time of intervention (whether ≥ 6 mo or < 6 mo).
Significant differences were not found. The evaluated
studies presented a high degree of heterogeneity and
low methodological quality in the carried out analysis.

two million cases of chronic liver disease by the year
2050.
The nutritional treatment comprises a fundamental
step in the clinical treatment of these patients, as
well as in the minimization and/or postponement of
[3]
the common symptomatology in these diseases
and, the prescription of herbal medicines can be a
[4]
complementary tool to conventional dietary strategies .
Silymarin is part of the flavonoid group and is
extracted from the plant Silybum marianum, an herbal
remedy that has been extensively studied in various
hepatic disorders. It is composed of approximately
50% silibinin, which is considered the biologically active
[5,6]
component of silymarin . Silybum marianum is one
of the most commonly plants used in liver diseases
treatments, because it is considered hepatoprotective
and it has been widely used in patients with cirrhosis,
chronic hepatitis and liver disease associated with alcohol
[7-9]
consumption and exposure to environmental toxins .
Currently, it is one of the most studied medicinal herbs
for the treatment of NAFLD and steatohepatitis (NASH)
and its use has been shown to be safe, well tolerated,
with limited adverse effects also for these patient
[10-12]
groups
.
Silymarin acts primarily as an antioxidant, reducing
the production of reactive oxygen species and lipid
peroxidation, increasing the endogenous concentrations
of antioxidant enzymes such as glutathione peroxidase,
glutathione reductase, superoxide dismutase and
[13-16]
catalase
. It exerts a significant anti-inflammatory
effect, mainly by inhibition of nuclear transcription
factor NFκB and consequently reduction of inflammatory
cytokines in the hepatic parenchyma, in addition to
interaction with protein kinases and downregulation of
[17,18]
cyclooxygenase 2
.
It also acts as an immunomodulator and antifibrotic agent, due to the reduction of the activation or
stimulation of apoptosis of the hepatic stellate cells, or
increasing the degradation of the collagen deposits in
[19-21]
the hepatic parenchyma
. In addition, it’s considered
a hepatoprotective for the ability to stabilize the cell
membranes of hepatocytes, preventing the entry of
toxic chemicals into these cells. Silymarin binds to
receptors present on these membranes, inhibiting the
binding of toxins in these sites, reducing drug-induced
[22,23]
hepatocellular damage
. It also stimulates the
synthesis and activity of enzymes responsible for the
hepatic biotransformation process, such as glutathione
[24,25]
S-transferase
.
Studies have shown that silymarin has an important
effect on the reduction of alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) levels in liver
diseases, being considered beneficial in the treatment
[22,26-28]
of these patients
.
However, it is important to point out that most of
these studies present considerable methodological
variations. In addition to having used different doses
with different concentrations of silymarin and various
formulations, which makes it difficult to perform a
comparative analysis of the studies and a consensus

CONCLUSION
Silymarin minimally reduced, but without clinical
relevance, the serum levels of ALT and AST. It is
necessary to carry out studies with more appropriate
methodological designs.
Key words: Systematic review; liver diseases; Milk
thistle; Silymarin; Meta-analysis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Silymarin is commonly prescribed in the
practice of many professionals and ingested as selfmedication for patients. Studies suggest benefits of its
use in hepatic disorders, discussing its mechanisms of
action and potential as a coadjutant in the treatment
of those diseases. Favorable clinical outcomes as
improvement of biochemical indicators and liver profile
were observed in clinical trials. However, other studies
are controversial or have not reported statistical
significance in the improvement of these indicators.
Facing the differences and methodological peculiarities
of these studies, a systematic review with meta-analysis
was performed to clarify the real benefits of silymarin
in liver diseases.
de Avelar CR, Pereira EM, de Farias Costa PR, de Jesus RP, de
Oliveira LPM. Effect of silymarin on biochemical indicators
in patients with liver disease: systematic review with metaanalysis. World J Gastroenterol 2017; 23(27): 5004-5017
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i27/5004.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i27.5004

INTRODUCTION
The most frequent liver diseases are of an inflammatory
nature, which have different etiologies and char
acteristics. The most common causes of chronic inflam
matory liver diseases are viral infections (hepatitis B
and C viruses), autoimmune diseases, alcoholic liver
disease and non-alcoholic fatty liver disease (NAFLD).
Other diseases also occur with inflammation such as
chronic biliary diseases, hereditary metabolic diseases
[1]
and hepatic attacks by hepatotoxic substances .
[2]
Méndez-Sánches et al have estimated approximately
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about the clinical use of this herbal medicine and
its effects on biochemical indicators such as liver
enzymes. Thus, the objective of this article is to
perform a systematic review with meta-analysis on
the effect of silymarin on the ALT, AST and gamma
glutamyl transpeptidase (γGT) levels in patients with
liver diseases. The present systematic review can be
considered a useful publication to evaluate the real
benefit of silymarin as commonly prescribed and used
as a coadjutant in the treatment of liver diseases.

elderly patients of both sexes with liver disease who
took oral silymarin supplementation, as an extract or
in its isolated form, as well as silymarin combined with
other nutrients were included. We included studies
in English, Portuguese and Spanish. The trials should
provide information on the intervention such as doses
and details of the product used, as well as mean and
standard deviation of ALT, AST and γGT serum levels at
baseline and at the end of the intervention.

Exclusion criteria

We excluded articles that reported the use of drugs
associated with silymarin, did not provide descriptive
data of the control or intervention group, used a
crossover study design and also those who after contact,
did not obtain answers from the authors to provide
data not available in the articles. Studies using median
and interquartile range with descriptive measures of
outcome variables could not be included in the metaanalysis. Trials whose full accesses were not possible
due to year of publication, or by online unavailability
were also excluded.

MATERIALS AND METHODS
Identification and selection of articles

This is a systematic review with a meta-analysis of
randomized controlled trials evaluating the effect of
silymarin in patients with liver disease, published by
January 31, 2016. This review was carried out taking
into account the provisions of PRISMA (Peferred
Reposting Items for Systematic Reviews and Meta[29]
Analyzes) . We searched for randomized controlled
trials in the Cochrane Central Register of Controlled
Trails databases in the Cochrane Library, PubMed/Medline,
Scopus, Web of Science, Lilacs and Clinical Trials. The
research was conducted with no restrictions regarding
the year of publication.
The terms “silybum marianum”, “milk thistle”,
“silymarin”, “silybin”, “silibinin”, “silydianin”, “silychristin”,
“cardus marianus”, “liver disease”, “chronic liver
disease”, “end-stage liver disease”, “drug-induced
liver injury”, “Non-alcoholic fatty liver disease”, “fatty
liver”, “alcoholic fatty liver”, “alcoholic liver disease”,
“fibrosis”, “liver cirrhosis, “Hepatocellular carcinoma”,
“viral liver disease”, “hepatitis B”, “hepatitis C”,
“hemochromatosis”, “liver steatosis”, “alcoholic
hepatitis” and “chronic hepatitis” were searched in
English, Portuguese and Spanish. All these keywords
were combined using the Boolean operators “OR”
and “AND” in several databases. The construction of
the search strategy took into account the research
question structured by the acronym PICO. Only the
terms for the components Population, Intervention
and Control had been defined. The terms for outcome
”O” were not defined to avoid assigning undesirable
[30]
specificity at this stage of data collection .
Two reviewers independently carried out the
active search of the scientific articles. The identified
disagreements were evaluated and discussed by a
third evaluator. The review team through the screening
phase, reading the titles and abstracts, carried out a
process of evaluation of the eligibility of the studies.
Subsequently, reading the full text and identifying the
duplicates in all databases described, the confirmation
phase was performed. In this stage, the reason
for the exclusion of each article was recorded in an
article selection flow form. The third reviewer solved
the disagreements between the former reviewers,
regarding the eligibility of the articles.

Data extraction

Two reviewers independently reviewed eligible articles.
For the data extraction process, the eligible articles were
read in full and a standardized sheet was used for each
article, with all the selection criteria established. The
variables data in the baseline and at the end of the
intervention were recorded in a spreadsheet in the Excel®
program.

Evaluation of the methodological quality of articles

The methodological quality of the articles included in
this review was evaluated according to the adapted
[31]
Downs and Black
checklist. This checklist evaluates
criteria such as description of the information in the
studies, items to analyze external validity, items
referring to participants, intervention and statistical
tests, besides the internal validity, confounding factors
and possible selection biases and the power of the
studies.
The articles were evaluated based on the following
criteria: (1) definition of the objectives/hypothesis;
(2) description of results; (3) characterization of
participants included in the study; (4) description of
the exposure; (5) quality of the description of the main
results; (6) reports of 95% confidence intervals and/or
p value for the main outcomes; (7) representativeness
of individuals invited to participate in the study; (8)
representativeness of the individuals included in the
research; (9) clarity if any of the studies were post
hoc-based; (10) appropriate use of statistical tests to
evaluate the main results; (11) validity and reliability
of measures of the main outcomes; and (12) whether
the statistical analysis includes adequate adjustment
for the main confounding variables.
Clinical trials were also evaluated according to the
following items: (1) information on the characteristics
of the loss of follow-up; (2) analysis adjusted for

Inclusion criteria

Randomized and controlled clinical trials with adult and
WJG|www.wjgnet.com
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10904 titles identified by
the search strategy
10697 selected articles

Elegibility
Inclusion

studies was tested by the extent of the heterogeneity
interpreted by the total percentage of variation
2
between the studies analyzed with the I statistic
(Higgins inconsistency test). This test of inconsistency
greater than 50% was used as an indicator of
[33]
moderate heterogeneity . The statistical methods of
this study were reviewed by Priscila Costa from the
School of Nutrition of the Federal University of Bahia,
Brazil.
Subgroup analyzes were also performed according
to the type of intervention (isolated silymarin or silymarin
associated with nutrients) and the intervention time
(≥ 6 mo or < 6 mo) to identify possible differences.
The heterogeneity of the meta-analysis was evaluated
by meta-regression and the influence of the variables:
sample size, treatment time and type of intervention
were tested. In all analyzes, a P-value less than 0.05
was considered significant.
Statistical analysis was performed using the STATA
Program for MAC, version 12 (Stata Corp. College
Sattion, TX, United States).

207 excluded articles
by duplication
10413 excluded articles
after title and abstract
reading

Selection

Identification

de Avelar CR et al . Silymarin in liver disease: A meta-analysis

284 elegible
articles for
an indepth
analysis

6 articles
included in
the metaanalysis

68 articles inable to access
104 non-ramdomized articles
80 non-controlled articles
1 crossover designed article
4 articles with intravenous silymarin administration
1 article with pediatric population
4 articles with intervention associated with
medications
2 articles did not present final values of the
biochemical indicators
3 articles with no data from the control group

Figure 1 Flow of selection of articles included in the meta-analysis.

different follow-up times; (3) whether participants in
the intervention and control groups were recruited
from the same population; (4) whether participants
in the intervention and control groups were recruited
within the same time period; (5) reporting blinding of
the intervention to participants and evaluators; and (6)
whether follow-up losses were considered.
In order to evaluate the quality, a dichotomous
response was defined as “yes”, with a score of 1, or
“no”, with a score of 0, for each item in the checklist.
At the end, a sum of the scores and the percentage
for each publication was calculated. The percentage of
ideal methodological quality was equal to or greater
[31]
than 80%, according to Downs and Black .
The risk of bias in the studies was assessed
according to the criteria of the Cochrane Collaboration
for the development of systematic reviews of in
[32]
tervention . It was not possible to assess publication
bias by the Funnel plot and test its asymmetry by the
Egger’s test because of the small number of included
studies.

RESULTS
Selection of studies

The electronic search identified 10904 publications,
excluding 207 duplicates and 10413 articles by reading
the title and abstracts, totaling 284 eligible studies for
in-depth analysis. A total of 267 articles were excluded
due to issues such as: impossibility of access to the
full article (n = 68), non-randomization (n = 104),
uncontrolled clinical trials (n = 80), crossover design
(n = 1), medication-associated intervention (n = 4),
absence of biochemical markers (AST, ALT and γGT)
after intervention (n = 2) and absence of Data from
the control group (n = 3). Thus, the systematic review
was performed with 17 publications and of these, only 6
were included in the meta-analysis (figure 1), since 5
of them used the median as descriptive measure and 6
had no descriptive data necessary for the analysis.

Characteristics of the studies

Table 1 presents the main characteristics of the
studies and patients included in the systematic
[8,19,26,34-37]
review. Seven studies
were performed in
[27,28,38-41]
[42-44]
Europe, six
in Asia, three
in Africa and
[45]
one in America . The year of publication varied
from 1994 to 2016. The sample size varied from 30
to 370 individuals, totalizing 1558 adults and elderly,
of both sexes. The studies evaluated drug-induced
[8,40,41]
[43,44,45]
hepatic injury
, with C virus
, individuals with
[42]
acute hepatitis , NAFLD and of these studies, three
[28,38,39]
articles
included patients diagnosed with NASH
[35]
and one
evaluated individuals with DHGNA and
[19]
metabolic syndrome , being a pilot article .
[19]
The work of Loguercio et al presented a subgroup
with patients with hepatitis C virus, but it was decided
not to include this subgroup in the analyzes, since it
was considered impracticable to analyze this small

Statistical analysis

For the data extraction process, the eligible articles
were read in full and a standardized clinical record
was used for each article, with all the selection criteria
established. The data referring to the descriptive
measures of the outcome variables at the baseline
and at the end of the intervention were recorded in an
Excel® worksheet.
The summary measure used in this meta-analysis
was the difference of standardized means among the
groups for each indicator evaluated (ALT, AST and γGT)
and their respective confidence intervals, which were
presented in Forest plot charts. The difference of global
standard means was calculated using the random
effects model, due to the high heterogeneity of the
studies. The assumption of the homogeneity of the
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Table 1 Summary of clinical trial characteristics
Study

Year

Origin

Population

Loguercio et al[19]

2007

Italy

59 adult patients
with NAFLD

Silymarin dose

Hashemi et al[38]

2009

Iran

100 adult
2 × 140 mg silymarin
patients with
(Livergol®) daily
NAFLD (NASH)

Massodi et al[39]

2013

Iran

Solhi et al[28]

2014

Iran

Aller et al[34]

2015

Spain

Sorrentino et al[35]

2015

Abenavoli et al[36]

2015

Luangchosiri et al[40]

2015 Thailand

Intervention

Inclusion criteria Follow-up

4 × 94 mg
Silymarin
NAFLD with 6 mo and
Control untreated no chronic liver
silibin + 194 mg
12 mo
phosphatidylcholine (diet + physical
disease
activity)
+ 90 mg vitamin E

Outcomes
ALT, gGT, insulin
and HOMA

(Reasil®) daily
USG evidencing
steatosis, ALT
elevation in
more than 1.2
of the normal
value, exclusion
of conical
diseases of the
liver, histological
evidence of
NASH or
presence of risk
factor such as
MD or obesity
100 adult
2 × 140 mg silymarin
Silymarin
NASH
Control
patients with
daily
confirmada por
NAFLD (NASH)
USG e níveis
elevados de AST
e ALT
64 adult patients 3 × 70 mg silymarin
Silymarin
NASH
Control
with NAFLD
confirmada por
(Livergol®) daily
(NASH)
USG abdominal
e elevação
persistente de
AST e ALT mais
de 1,2 acima do
valor normal nos
últimos 6 meses
36 adult patients
2 × Silybum
Silymarin
NAFLD
with NAFLD
marianum 540.3 mg Control untreated confirmed by
(diet + physical
+ vitamin E - 36 mg
liver biopsy
activity)
(Eurosil 85®) daily

6 mo

ALT, AST, gGT,
FA, glycemia,
triglycerides and
cholesterol

3 mo

AST and ALT

8 wk

ALT and AST

3 mo

Glycemia,
triglycerides, AST,
ALT, gGT and
HOMA IR

Italy

78 adults with
2 × silymarin 210
Silymarin
MS and NAFLD mg+ 30 IU vitamin E Control untreated
(diet)
(Eurosil 85®) daily

MS and NAFD
confirmed by
USG

3 mo

Italy

30 overweight
2 × Silibin 94 mg +
Caucasian adults phosphatidylcholine
with NAFLD
194 mg + vitamin E
89.28 mg daily

Group A:
Hypochloric diet
Group B: Diet +
silymarin
Group C: control

Overweight
and NAFLD
confirmed by
USG

6 mo

Silymarin
Control

Diagnosis of
pulmonary
tuberculosis, >
18 yr, treatment
with antituberculosis
drugs

4 wk

Hepatic steatosis,
lipid accumulation
index, ALT, AST,
gGT, triglycerides,
cholesterol, LDL,
HDL, glycated Hb
and Glycemia
BMI, weight, waist
circumference,
blood pressure,
AST, ALT, gGT,
bilirubin, glycemia,
HOMA-IR, insulin,
triglycerides, total
cholesterol, HDL,
LDL, creatinine,
azotemia, hepatic
steatosis index
ALT, AST, alkaline
phosphatase, gGT,
total proteins,
albumin, bilirubin,
SOD, glutathione,
malonyldialdehyde,
risk of hepatic injury
by anti-tuberculosis
drug, adverse events

WJG|www.wjgnet.com

55 adults and
elderly with
pulmonary
tuberculosis

3 × silymarin 140 mg
daily
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El-Kamary et al[42]

2009

Egypt

105 adults with 3 × silymarin 140 mg
acute hepatitis of
daily (Legalon®)
varied etiologies

Fried et al[45]

2012

United
States

154 adults with 5 × silymarin 140 mg
HCV
daily (Legalon®) - 700
mg
3 × silymarin 140mg

Hajaghamohammadi
et al[27]

2008

Stiuso et al[37]

2014

Iran

Italy

50 adults with
NAFLD

30 adults with
NASH

daily (Legalon®) - 420
mg
1 × 140 mg silymarin

Silymarin
Control
(multivitamin)

ALT > 100 IU/L
with jaundice
and 3 or more
symptoms of
acute hepatitis
Group 1: silymarin HCV and ALT
420 mg
> 65 U/L or
unsuccessful
patients on
Group 2: silymarin
interferon
700 mg
therapy
Group 3: control

(Livergol®) daily

2 × 94 mg
silibin + 194 mg
phosphatidylcholine
+ 89.28 mg vitamin E

Silymarin
Control

NAFLD
confirmed
by USG and
elevated levels
of ALT and AST
NASH
histologically
confirmed

8 wk

ALT, AST, bilirubin,
acute hepatitis
symptoms, adverse
events

24 wk

ALT, RNA HCV

2 mo

Weight, BMI, AST,
ALT

12 mo

Levels of substances
that react with
thiobarbituric acid,
nitric oxide, SOD,
catalase, BMI,
glycemia, insulin,
HOMA, AST, ALT,
gGT, score for
NAFLD
Glycemia,
postprandial
glycemia, glycated
hemoglobin and
malonildialdehyde

(Reasil®) daily

Velussi et al[26]

1997

Italy

Yakoot et al[43]

2012

Egypt

Zhang et al[41]

2015

China

Tanamly et al[44]

2004

Egypt

Palasciano et al[8]

1994

Italy

60 diabetic
adults and
elderly with
alcoholic
cirrhosis

600 mg siymarin daily

66 adult and
3 × silymarin 140mg
elderly patients
daily
with HCV
genotype 4
370 adult
2 × S. marianum 200
patients with
mg
tuberculosis on
antituberculosis
therapy
141 adults and 3 × silymarin 140 mg
elderly with
daily (Legalon®)
HCV
60 adult women 2 × 400 mg sliymarin
using psychotic
daily
drugs

Silymarin
Control

Diabetics treated
with insulin
with alcoholic
cirrhosis
(biopsy), aged
between 45 and
70 years old
Group 1: spirulina HCV genotype
500 mg
4, elevated liver
Group 2: silymarin enzymes, virgin
Group 3: control antiviral therapy
Silymarin
> 12 yr with
Control
tuberculosis
and in antituberculosis
therapy
Silynarin
HCV
Control
(multivitamin)
Group 1A: drugs + Women between
silymarin
40 and 60 yr of
Group 1B: drugs + age, treated with
control
phenothiazines
Group 2A: no
and/or
drugs and with butyrenes for at
silymarin
least 5 yr, AST or
Group 2B: no
ALT with values
drugs but control 2 × higher than
the regular range

12 mo

6 mo

Virological response,
ALT, quality of life
score, adverse events

8 wk

ALT, AST, bilirubin,
gGT, alkaline
phosphatase

12 mo

RNA HCV, ALT,
fibrosis, adverse
events
AST, ALT, gGT,
malonildialdehyde,
bilirubin

3 mo

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; γGT: Gamma glutamyl transpeptidase; NAFLD: Non-alcoholic fatty liver disease; HCV:
Hepatitis C virus.

number of patients. The duration of follow-up ranged
from 4 wk to 12 mo, the dose of oral silymarin used
was 210 mg to 700 mg and the frequency of ingestion
[8,39,40,45]
was two to five times a day. Four studies
reported blinding, describing methodological design as
[8,26-28,38-45]
double-blind. Twelve studies
used only dry
extract of Silybum marianum, which contains silymarin
[34,35]
or silymarin alone, two
used silymarin associated
[19,36,37]
with vitamin E and three
studies used silybin

WJG|www.wjgnet.com

with vitamin E and phosphatidylcholine. All articles
[26]
evaluated ALT, however the study by Velussi et al
[16,43-45]
only evaluated liver enzymes in the baseline, four
[27-29,36,39,42-44]
did not evaluate AST and eight
did not
[26-28,36,37,39]
evaluate γGT. Six studies
did not report data
[8,19,34,35,41,45]
on adverse effects, six
did not identify any
[40-43]
of these effects, four
performed specific evaluation
[39]
and only one
described that serious adverse events
were not observed and that side effects were similar in
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frequency and uncommon in both groups.

Fungal plot analysis and the Egger test were not
performed since these are recommended for metaanalyzes with at least 10 studies and are not indicated
[32]
for this study .
A bias risk assessment of randomized controlled trials
was performed according to the Cochrane Collaboration
[32]
criteria
for the development of systematic reviews
of intervention (figure 1). There was a high risk of
bias in relation to the blinding of the participants and
the researcher, since only one study was double[39]
blind
and reports on allocation, blinding of outcome
evaluation and other potential biases were not well
understood in the studies evaluated. There was a
[28,38,39]
low risk of bias for selective information
and
random sequence generation in half of the studies
[28,34,39]
analyzed
(figure 2). Only studies by Massodi
[39]
[28]
et al
and Solhi et al
presented half of the items
assessed as low risk for bias (figure 2).

observed a significant decrease in γGT serum levels.
Thus, when the intervention groups were compared
with the control groups of all studies included in the
meta-analysis, a reduction of 0.26 IU/mL (95%CI:
-0.46-0.07) was observed in the mean ALT serum values
and a reduction of 0.53 IU/mL (95%CI: -0.74-0.32)
in the mean AST serum values of the treated group,
compared to the control group (figure 4), both of
which are statistically significant. No significant change
in the Gamma γGT serum levels was identified (figure 5).
A subgroup analyses was also performed to
identify possible differences in relation to intervention
characteristics. We considered as subgroups different
studies that performed intervention with isolated
[28,38,39]
silymarin
or silymarin associated with other
[19,34,35]
nutrients
, as well as the studies that presented
different follow-up time (equal or superior to 6 mo
and less than 6 mo) for both ALT and AST serum
levels (figures 6-8). It was not possible to consider
these subgroups for the evaluation of γ GT and for
the AST levels regarding the intervention time due
to the insufficient number of studies to enable these
analyzes.
When comparing control and treatment groups, a
reduction trend of 0.59 IU/mL (95%CI: -0.83-0.34)
was found in the mean ALT serum values of subjects
treated with isolated silymarin and 0.23 IU/mL in
this same marker (95%CI: -0.08-0.53), in those
treated with silymarin associated with other nutrients.
However, there was no statistical significance (figure 6).
Therefore, no significant differences were observed
in these forms of intervention (isolated or associated
silymarin).
Analysis of the mean AST serum values showed
a reduction of 0.86 IU/mL (95%CI: -1.12 to -0.61,
P = 0.003) in subjects treated with isolated silymarin
(Figure 7). These results also did not present significant
differences between the types of intervention, similar
to the analysis referring to ALT levels. Likewise, the
assessment of intervention time subgroups and ALT
levels did not show significant differences between
them (figure 8).

Meta-analysis results

Heterogeneity and meta-regression

Evaluation of the methodological quality of the studies
included in the meta-analysis

Among the 6 studies included in this meta-analysis,
[39]
only one
was double-blind and reported the rando
mization method used. No intention-to-treat analyzes
were described in the studies evaluated. Only one
[39]
study presented methodological adequacy (92.5%),
higher, therefore, to 80% according to the checklist
[31]
score adapted from Downs and Black . The main
limitations observed in the studies were: (1) absence
in the description of the characterization of participants
[19,34,35]
with loss of follow-up
; (2) failure to report
blinding for the intervention of the participants and
[19,28,34,35,38]
evaluators
; (3) no adjusted analyzes were
[19,25,28,34,35,38]
performed for different follow-up times
; (4)
randomization was not concealed for patients and
[19,28,34,35,38]
staff until complete recruitment
; and (5)
absence of adequate adjustments for confounding
factors in the analyzes of which the main findings were
[19,28,34,35,38,39]
withdrawn
.

Risk analysis of bias

The results of the meta-analysis are shown in table 2,
figures 3-8. This meta-analysis included 437 individuals.
All articles evaluated ALT levels. One study had no AST
[19,34,35]
levels measurements and only three
had γGT
dosages. The included studies evaluated only patients
with NAFLD and publications evaluating other liver
diseases were naturally excluded in the screening and
confirmation stages of eligible articles. However, the
[19]
work of Loguercio et al presented a subgroup with
patients with HCV, but it was decided not to include
these patients in this meta-analysis. In the groups
[19,28,38,39]
treated with silymarin, four studies
observed a
[28,38,39]
significant reduction in serum ALT levels, three
[19]
showed a significant reduction in AST and only one

WJG|www.wjgnet.com

The present study observed that the studies evaluated
presented a high degree of heterogeneity, with an
2
inconsistency test (I ) greater than 50%. Two metaregressions were performed, one having ALT as the
outcome and another for AST. It was not possible to
perform meta-regression for γGT, considering the small
number of studies. In the first meta-regression, the
sample size (P = 0.901), treatment time (P = 0.233) and
type of intervention (isolated silymarin and associated
silymarin) (P = 0.143) did not explain the heterogeneity
between the studies. Likewise, in the second metaregression, the sample size (P = 0.941), treatment
time (P = 0.163) and type of intervention (P = 0.089)
also failed to explain the heterogeneity of the studies
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Table 2 Results of selected studies for meta-analysis
Ref.

Used Indicators

Results

Loguercio et al[19],
2007

ALT, γGT

There were no adverse events in either group. The intervention group presented a significant reduction of
hepatic steatosis in the ultrasonography score (change from 2-3 to 1-2) after 6 mo and 12 mo (P < 0.01). Significant
reduction of ALT and γGT after 6 mo and 12 mo only in the intervention group (P < 0.01). Treatment affected the
levels of ALT and γGT Range independent of changes in BMI of the participants. We did not evaluate data from
the group with HCV patients

Hashemi et al[38],
2009

ALT, AST

There was a significant reduction in the average of ALT levels only in the intervention group (113.54 IU/mL vs
73.14 IU/mL) (P < 0.001). The percentage of patients with normalization (ALT < 40) was 32% after 3 mo and 52%
after 6 mo in the intervention group and the difference in these percentage between control and intervention group
was significant (P = 0.001). There was also a significant reduction in AST averages only in the intervention group
(71.42 IU/mL vs 49.66 IU/mL) (P = 0.006). The percentage of patients with normalization (AST < 40) was 46% after 3 mo
and 62% after 6 mo in the intervention group and the difference in these percentages between control group and
intervention was also significant (P = 0.0001)

Massodi et al[39], 2013

ALT, AST

There were no serious adverse events and the side effects were similar in frequency and uncommon in both
groups. There was a significant reduction in the average of ALT levels only in the intervention group (84.06 IU/mL
vs 68.54 IU/mL) (P < 0.001) and in the average AST levels only in the intervention group (71.94 IU/mL vs 54.70 IU/mL)
(P < 0.001)

Solhi et al[28], 2014
Aller et al[34], 2015

Sorrentino et al[35],
2015

There was a significant difference in the mean values of ALT levels only in the intervention group (91.3 IU/mL vs
38.4 IU/mL) (P = 0.026) and in the AST levels only in the intervention group (62.8 IU/mL vs 30.5 IU/mL) (P = 0.038).
ALT, AST, γGT There were no adverse events in both groups. There was a significant improvement in the fibrosis score in both
groups (P < 0.05). There was a significant difference in the reduction of the average γGT levels (81.5 IU/L vs 46.2
IU/L) (P < 0.05) in the intervention group and also in the control group (80.5 IU/L vs 50.3 IU/L) (P < 0.05). There
was a significant reduction only in the average of ALT levels (70.8 IU/L vs 54.7 IU/L) (P < 0.05) and AST (41.6
IU/L vs 36 IU/L) (P < 0.05) in the control group.
ALT, AST, γGT No adverse events were reported in both groups. Mean levels of ALT, AST and γGT were within normal limits at
the baseline. There was a significant reduction only in the average values of right lobe size of the liver by the USG
(17.24 cm vs -0.96 cm) (P = 0.044)
ALT, AST

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; γGT: Gamma glutamyl transpeptidase.

(data not shown in tables).

are reports of similar studies that, despite showing
differences in the values of these indicators, these
[45,57]
were not statistically significant
.
It is important to emphasize that there are a
few trials with rigorous methodologies that consider
important issues such as the use of well-characterized
products, evaluation of specific liver diseases, adequate
sample size, representativeness of the study popu
lation, adequate intervention time and appropriate
statistical analysis. These factors are quite divergent
among the studies, which may directly interfere both
in the positive results and in the controversial findings,
representing an important limitation for conclusions on
this topic.
It was identified in this meta-analysis that a clinical
[35]
trial
that found normal values of ALT, AST and γGT
in the baseline, which is not surprising, since some
patients may be carriers of NAFLD and do not present
[58-60]
alterations in liver enzyme levels
. Thus, in the
[35]
aforementioned study , there was no relevance in the
results of these markers after intervention, since in the
baseline; the patients no longer presented alteration
in these markers. It was also found that another
[34]
clinical trial included in this analysis demonstrated
a significant reduction of γ GT in the control and
intervention group, probably due to differences in the
methodological design used. In this study, both groups
had prescriptions for hypocaloric diet and physical
activity, which probably influenced the clinical and

DISCUSSION
In this review, some intervention studies have observed
an improvement in the biochemical and clinical in
dicators evaluated in patients with NAFLD, including
hepatic steatosis and NASH, after the use of silymarin.
Although the results of the meta-analysis indicate that
the use of silymarin is associated with a reduction in
serum levels of ALT and AST, the values found are
[19,34,35,39]
not clinically relevant. The studies
also showed
limited adverse effects and good tolerance to the use
[10-12]
of silymarin as reported in other studies
.
Some studies report that silymarin is capable to
improving biochemical indicators in patients with liver
[40,46-50]
diseases of different etiologies
, in addition to
the reduction of ALT and AST levels are commonly
[48,49,51,52]
described in other studies
. The hypothesis
described by the researchers is that the antioxidant
properties of silymarin are capable of reducing reactive
[53]
oxygen species, thus inhibiting cellular damage . In
addition to the improvement in the antioxidant system,
observed in experimental studies, due to the increase
of enzymes such as glutathione reductase, glutathione
peroxidase, superoxide dismutase and catalase, all
[13,16,54]
with antioxidant function
and non-enzymatic
antioxidants, through the modulation of associated
[55,56]
transcription factors
. On the other hand, there
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Figure 2 Risk of bias assessment. A: Risk of bias summary: review authors’ judgments about each risk of bias item for each included study; B: Risk of bias
graph: review authors’ judgments about each risk of bias item presented as percentages across all included studies.
Study

Silymarin
Total

mean ± SD

Total

Weight

SMD (95%CI)

[ 38]

73.1 ± 62.4

50

89.9 ± 41.8

50

23.79%

-0.32 (-0.71, 0.08)

, 2015

52.7 ± 26.0

18

54.7 ± 18.0

18

8.66%

-0.09 (-0.74, 0.56)

59 ± 20.0

39

45.2 ± 34.0

20

12.32%

0.54 (-0.01, 1.09)

38.4 ± 11.8

33

52.3 ± 29.9

31

14.68%

-0.62 (-1.12, -0.12)

68.5 ± 5.5

50

73.3 ± 5.6

50

22.02%

-0.86 (-1.27, -0.45)

43

24.8 ± 14.6

35

18.53%

0.17 (-0.28, 0.62)

204

100%

-0.26 (-0.46, -0.07)

Hashemi et al
Aller et al

, 2009

[34]

Loguercio et al
Solhi et al

Control

mean ± SD

[19]

, 2007

[28]

, 2014

Massodi et al

[39]

, 2013

Sorrentino et al

[35]

, 2015 28.0 ± 22.3

Total (95%CI)

233

mean difference (95%CI)

2

Heterogeneity: χ 2 = 22.26, df = 5 (P = 0.000) I = 77.5%
0

Teste of SMD = 0 Z = 2.70 P = 0.007

10

Figure 3 Alanine aminotransferase levels.

biochemical parameters of patients with NAFLD.
Studies have associated high levels of ALT or
the AST:ALT ratio > 1 in patients with NAFLD and with
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disease progression and the presence of hepatocellular
[61-63]
[64-66]
fibrosis
. Several publications
have been
considered to change lifestyle with dietary intervention

5012

July 21, 2017|Volume 23|Issue 27|

de Avelar CR et al . Silymarin in liver disease: A meta-analysis
Silymarin
Study

Total

mean ± SD

Total

Weight

SMD (95 %CI)

[38]

49.66 ± 33.26

50

66.16 ± 27.44

50

27.66%

-0.55 (-0.95, -0.15)

, 2015

41.6 ± 20.0

18

36 ± 11.8

18

10.18%

0.34 (-0.32, 1.00)

30.5 ± 8.2

33

36.2 ± 12.4

31

17.69%

-0.55 (-1.05, -0.05)

54.7 ± 5.51

50

61.56 ± 3.39

50

22.32%

-1.50 (-1.94, -1.05)

43

21.37 ± 11.29

35

22.15%

0.09 (-0.35, 0.54)

184

100%

Hashemi et al
Aller et al

, 2009

[34]

Solhi et al

Control

mean ± SD

[28]

, 2014

Massodi et al

[39]

, 2013

Sorrentino et al

[35]

, 2015 22.49 ± 12.45

Total (95%CI)
194
2
Heterogeneity: χ 2 = 32.50, df = 4 (P = 0.000) I = 87.7%

mean difference (95%CI)
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Figure 4 Aspartate aminotransferase levels.
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Figure 5 Gamma glutamyl transpeptidase levels.

heterogeneity, which is generally present in meta[30]
analyzes involving clinical trials , especially when
evaluating such specific topics and presenting few
studies with well-designed methodological designs.
The case of phytotherapy and specifically, the use of
silymarin. In addition, details of intervention, blinding,
selection and recruitment of the population and
absence of adjustments in the statistical analyzes may
be factors that interfere in the final results, as well
as the high and medium risk of bias observed in the
studies.
In this meta-analysis, trials with small samples and,
therefore, little representativeness of the population
were identified, which may have favored the high
heterogeneity, since studies with larger samples
provide greater precision in the association. Absence
of intention-to-treat analyzes in the studies can also
be considered factors that interfered in the final results
and conclusions. Another relevant methodological
factor refers to the blinding of the studies evaluated:
only one is double-blind, representing another in
consistency of the studies evaluated. Although metaregression did not identify interference with sample
size, time of treatment and type of intervention in the
results, it’s considered that these results might have

and physical activity practice, as strategies with an
impact on the improvement of markers and liver
function for individuals with NAFLD. Despite this, it
was observed that there are still more data available
in the literature regarding the pattern of adherence
of this profile of patients to lifestyle changes and
nutritional guidelines provided by health professionals.
It is also important to consider the growing increase
in the prevalence of NAFLD in recent years and is
[1-3]
even considered a global public health problem .
Considering this scenario, researchers have in
vestigated adjuvant therapeutic strategies, such as
phytotherapy and considered the use of silymarin
as a possibility to improve biochemical indicators of
[28,38,39]
these patients
. However, the available studies
present low methodological quality and the positive
results found are not of clinical relevance, as found in
this meta-analysis. Therefore, there is still insufficient
scientific evidence for the recommendation of silymarin
as a possibility of adjunctive therapeutic alternatives
for the reduction of biochemical indicators in patients
with hepatic disease.
It is important to highlight that the inconsistency
tests performed in this meta-analysis showed that
the studies evaluated presented a high degree of
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Figure 6 Alanine aminotransferase levels according to the type of product used.
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Figure 7 Aspartate aminotransferase levels according to the type of product used.

been strongly influenced by the low methodological
quality, observed in all studies, in general, according to
the used methods.
In conclusion, the results of this meta-analysis
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demonstrate that the use of silymarin minimally
reduced, but without clinical relevance, the ALT and
AST serum levels in patients with non-alcoholic fatty
liver disease. Although the reductions observed do
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Figure 8 Alanine aminotransferase levels according to intervention time.

Innovations and breakthroughs

not translate into clinical relevance, they may signal
to a possible additional therapeutic strategy in the
control of NAFLD. When discussing the data found,
it is important to consider the great variability and
methodological fragility of these studies, a finding
very common in publications that evaluate herbal
medicines. Therefore, it is necessary to carry out new
studies with more adequate methodological designs,
with special attention in the accomplishment of the
planning stages and execution of clinical trials. This will
provide more consolidated scientific evidence and may
contribute to a greater safety in the indication or not of
doses of silymarin to be prescribed by qualified health
professionals.

In the present study, the authors investigated the effect of the use of silymarin
on ALT, AST and γGT levels in patients with liver diseases. This is the first
meta-analysis which evaluates the effect of oral use of silymarin on biochemical
indicators of patients with liver disease and the methodological quality of the
included studies.

Applications

This study allows us to understand the real effects of silymarin on ALT, AST and
γGT levels, from patients with liver diseases, in addition to signaling to the need
of new clinical trials with more appropriate methodological designs.

Peer-review

This manuscript describes the results of a meta-analysis evaluating effect
of silymarin on the serum levels of ALT, AST and GGT in patients with liver
diseases. Silymarin has been used in several studies of liver diseases for its
hepatoprotective effects. Consequently, this systematic review with metaanalysis evaluating large majority of the literature is crucial to be understood of
its actual effectiveness.
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AIM
To systematically evaluate the prognostic-predictive
capability of Bcl-2 in colorectal cancer (CRC).
METHODS
A systematic literature search was conducted using
PubMed, Web of Science and EMBASE databases.
Any eligible study must meet the following criteria:
(1) bcl-2 expression was evaluated in human CRC
tissues by immunohistochemistry; (2) assessment of
the relationships between bcl-2 expression and overall
survival (OS), disease free survival (DFS), recurrent
free survival (RFS) or clinic-pathological characteristics
of CRC was included; (3) sufficient information was
provided to estimate the hazard ratio (HR) or odds
ratio and their 95% confidence intervals (CIs); and (4)
the study was published in English. The impact of Bcl-2
expression on survival of CRC patients were evaluated
through this meta-analysis.
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RESULTS
A total of 40 eligible articles involving 7658 patients
were enrolled in our final analysis. We drew the
conclusion that Bcl-2 high expression was significantly
correlated with favorable OS (pooled HR = 0.69,
95%CI: 0.55-0.87, P = 0.002) and better DFS/RFS
(pooled HR = 0.65, 95%CI: 0.50-0.85, P = 0.001).
Additionally, the subgroup analysis suggested that
Bcl-2 overexpression was significantly associated with
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clinicopathologic parameters and better prognosis by
[7,8,12,13]
many investigators
. In contrast, some groups
demonstrated that Bcl-2 was a poor prognostic for
[9,10,14]
cancer patients
. And there are others who found
no prognostic significance of Bcl-2 expression in
[6,15,16]
CRC
. Thus, neither the function nor the prognostic
value of Bcl-2 expression in patients with CRC is clear to
us.
Herein, we carried out this meta-analysis to explore
the reason for present contradictory observations and
determine the prognostic value of Bcl-2 in patients
with CRC.

prognosis (OS) especially in patients came from Europe
and America but not Asian and patients who did not
receive any adjuvant therapy before surgery. Finally,
our present results indicated that expression of bcl-2
protein was associated with high differentiation grade
and A/B Ducks’ stage.
CONCLUSION
Bcl-2 high expression was significantly correlated with
favorable OS and better DFS/RFS. Hence, we propose
that Bcl-2 may be a valuable prognostic-predictive
marker in CRC.
Key words: Bcl-2; Colorectal cancer; Meta-analysis;
Prognostic; Apoptotic

MATERIALS AND METHODS
Literature search

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

We identified relevant articles by conducting searches
in the PubMed, Web of Science and EMBASE databases
using the following terms and all possible combinations:
“Bcl-2”, “colorectal carcinoma”, “CRC”, “colon cancer”,
“rectal cancer”. More than this, we examined the
references to identify additional eligible studies.
The reviews and bibliographies were also retrieved
to discern other relevant articles. The most recent
th
search update was October 15 , 2016. After excluding
non-related articles through browsing the titles and
abstracts of the listed studies, full-text viewing of
resting studies was performed. The largest population
size study was chosen to avoid duplicate analysis when
patients overlap partly or entirely.

Core tip: No consensus is available in the literature
about the prognostic value of Bcl-2 expression in
patients with colorectal cancer (CRC). This is the
first systematic review and meta-analysis indicating
that Bcl-2 is a good prognostic factor in CRC. We
investigated the relation in terms of overall survival,
disease free survival/recurrent free survival, number of
patients, nations, therapy methods, pathological grade.
Huang Q, Li S, Cheng P, Deng M, He X, Wang Z, Yang CH,
Zhao XY, Huang J. High expression of anti-apoptotic protein
Bcl-2 is a good prognostic factor in colorectal cancer: Result of
a meta-analysis. World J Gastroenterol 2017; 23(27): 5018-5033
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i27/5018.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i27.5018

Inclusion criteria

The eligible studies included in our meta-analysis
must meet the following requirements: (1) bcl-2 ex
pression was evaluated in human CRC tissues by
immunohistochemistry (IHC); (2) assessment of the
relationships between bcl-2 expression and overall
survival (OS), disease free survival (DFS), recurrent
free survival (RFS) or clinic-pathological characteristics
of CRC was included; (3) sufficient information was
provided to estimate the hazard ratio (HR) or odds
ratio (OR) and their 95% confidence intervals (CIs);
and (4) the study was published in English.

INTRODUCTION
Bcl-2 family proteins are key regulators of apoptosis
whose dysregulation can cause various pathological
[1]
consequences including the development of cancer .
The anti-apoptotic protein Bcl-2 (B-cell lymphoma-2)
is an important member of the Bcl-2 family which
controls the release of proapoptotic factors responsible
for the activation of caspases by stabilizing the
[2]
mitochondrial outer membrane .
Colorectal cancer (CRC) is one of the most common
[3,4]
malignancies worldwide . Despite the great pro
gress made in clinical treatment, the morbidity and
mortality of CRC remains high. Aberrant expression
of Bcl-2 has been implicated in several cancer types
[5]
including CRC . Nonetheless, data obtained by different
[6-10]
researchers were often in disagreement
.
An increasing body of evidence from many studies
indicates that Bcl-2 expression may be associated with
[11]
prognosis in malignancies including CRC . Expression
of Bcl-2 has been found to correlate with favorable

WJG|www.wjgnet.com

Exclusion criteria

The articles were excluded from our analysis if they
have the following characteristics: (1) letters, reviews,
case reports, and conference abstracts without original
data; (2) lack of necessary data or survival curves to
calculate HRs, ORs or the corresponding 95%CIs; and
(3) overlapping studies.

Data extraction and assessment of study quality

Data extraction and quality assessment were conducted
independently by two primary investigators (Qi H
and Shu L) using a standardized form. Discrepancies
were arbitrated by a third reviewer. The following
characteristics were retrieved: first author’s name,
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year of publication, country of patients’ origin, tumor
location, number of patients, age of patients, tumor
stage, treatment state before surgery, follow-up time,
research technique used, antibody source and dilution,
cut-off value, survival data and clinical-pathological
data. The quality of each study was tested according to
the Newcastle-Ottawa quality assessment scale (NOS).

Sweden, United States, Canada, Finland and Germany,
1 each in Romania, Switzerland, Brazil, South Korea,
Ireland, Japan, Australia, India and Austria. As to
the prognostic analysis, 34 studies evaluated the
correlation between Bcl-2 expression and patients’ OS
while 13 articles reported the data of Bcl-2 related DFS
or RFS.
In OS analysis, 22 of the included articles enrolled
more than 100 patients and 12 manuscripts recruited
less than 100 patients. Patients from 7 studies received
treatment such as radiotherapy, chemotherapy or
endocrine therapy before surgery while other 18 studies
were not the case, another 9 articles did not provide
therapy strategy before surgery.

Statistical analysis

All statistical analysis was performed using the STATA
12.0 software (Stata Corporation, Collage Station, TX,
United States). We calculated the pooled HRs and the
95%CIs of all included articles. OS, DFS and RFS were
all included in our outcome analysis. We used the raw
data directly if HRs and their corresponding 95%CIs
were described in the literature. Otherwise, they
were extracted from Kaplan-Meier curves published
in the article read by Engauge Digitizer version 4.1
(http://digitizer.sourceforge.net/) according to the
[17]
methods described by Parmar et al . At the same
time, we also explored the correlation between Bcl-2
expression and clinical-pathological parameters of
CRC such as tumor location, tumor grade, Ducks’
stage and lymph node metastasis combining the ORs
and their 95%CIs. A value of HR > 1 implies a worse
prognosis of survival in patients who overexpressed
Bcl-2, while a value of OR < 1 indicates an unfavorable
parameters in those high Bcl-2 expression patients.
The association between Bcl-2 and survival or clinicalpathological factors was considered statistically
significant if the 95%CI did not span across 1. The
heterogeneity among articles included in this meta2
analysis was evaluated by χ -based Q statistical test
[18]
according to Peto’s method . The inconsistency index
2
(I ) ranged from 0% to 100% was used to quantify
[19]
the proportion of the total variation . A P-value for
the Q-test was presented to assess the heterogeneity
among the studies. We chose the random-effects
model (the DerSimonian and Laird method) when P <
0.10. Otherwise, the fixed-effects model (the Mantel[19,20]
Haenszel method) was applied
. Begg’s test was
used to determine the potential publication bias when
P < 0.05. Statistical significant was defined as P < 0.05.

Methodological quality of selected studies

Each of the 40 eligible studies included in our metaanalysis underwent quality evaluation according to
the Newcastle-Ottawa Scale (NOS). NOS scores
were judged on eight items of the methodology that
categorized into three sections: selection, comparability,
exposure and outcome. The quality score of enrolled
studies ranged from 5 to 8 with a mean score of 6.5.
Eighteen studies scored 7 or more in methodological
assessment were defined as high quality (Table 1).

Correlation between Bcl-2 high expression and
increased OS or DFS/RFS in CRC

34 studies were included in the analysis to evaluate
the association between Bcl-2 high expression and
OS. The pooled hazard ratio (HR) for OS was 0.69
(95%CI: 0.55-0.87, Z = 3.14, P = 0.002). A statistical
2
heterogeneity (I = 80.0%, P < 0.001) was observed
based on the random-effects model (Figure 2A). A
meta-analysis on 13 studies was performed to analyze
the correlation between Bcl-2 and DFS/RFS. The
pooled HR for DFS/RFS was 0.65 (95%CI: 0.50-0.85,
Z = 3.19, P = 0.001), accompanied with considerable
2
heterogeneity (I = 59.0%, P = 0.004) (Figure 2B).
These results indicate that high level expression of Bcl-2
is significantly associated with decreased mortality
risk in CRC patients and Bcl-2 may be an independent
prognostic factor in CRC.

Subgroup analysis and sensitivity analysis of the
correlation between Bcl-2 high expression and OS in
CRC

RESULTS
Literature search and study description

We identified 2274 relevant articles upon screening
the keywords from several databases and a total of
40 eligible studies were finally selected to explore
the relationship between Bcl-2 expression and CRC
patients’ survival using the strategy depicted in Figure
[6-10,12-16,21-50]
1
. The detailed clinical features of each
record were shown in Table 1, which enrolled an
overall of 7658 CRC patients in this analysis published
ranging from 1995 to 2016. Among the 40 studies, 6
studies were conducted in Italy, 5 in Greece, 4 each
in China and United Kingdom, 2 each in Netherlands,

WJG|www.wjgnet.com

To address the heterogeneity in OS, we performed
subgroup analysis on the number of patients involved
in the study, the origin country of patients, the treat
ment situation before surgery and the NOS score
(Table 2). We found that a significant relationship
between high expression of Bcl-2 and OS was exhibited
in subgroup with number of patients more than 100
(HR = 0.684, 95%CI: 0.54-0.866, P = 0.002) (Figure
3A) and subgroup with origin country of Europe and
America (HR = 0.691, 95%CI: 0.553-0.864, P = 0.001)
(Figure 3B). Additionally, Bcl-2 overexpression showed
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2016

2016

2015

2015

2014

2012

2009

2008

2008

2008

2007

2007

2006

2006

2005

2005

2005

2005

Melincovici et al[6]

Huang et al[22]

Balzi et al[15]

Belt et al[23]

Fucini et al[9]

Xu et al[10]

Zlobec et al[24]

Torsello et al[7]

Cahlin et al[25]

Tsamandas et al[8]

Meleth et al[26]

Zavrides et al[12]

Georgiou et al[27]

Chatla et al[28]

Zhao et al[29]

Lustosa et al[16]

Krajewska et al[13]

Year

Cai et al[21]

Ref.
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190(85/105)

31(12/19)

117(34/83)

Patient(P/N)

Rectum

Colon and
rectum
Colon and
rectum
Colon and
rectum
Colon

Rectum

Colon

106 (NA)

116 (58/58)

93 (53/40)

158 (89/69)

170 (64/106)

100 (27/73)

491 (NA)

28 (17/11)

1340
(650/690)
22 (NA)

1420 (NA)

119 (33/86)

66 (27/39)

160 (81/76)

Colon and 321 (153/168)
rectum

Colon and
rectum

Colon and
rectum
Colon

Tumor
location

Colon and
rectum
Colon and
rectum
Greece
Colon and
rectum
United States Colon and
rectum
China
Colon and
rectum
Brazil
Colon and
rectum
Sputh Korea Colon and
rectum

United
Kingdom
Greece

Greece

Sweden

Italy

Switzerland

China

Italy

Netherlands

Italy

China

Romania

China

Country

Ⅰ-Ⅲ

(Ducks)

A-D
(Ducks)
A-D

Ⅰ-Ⅳ

Stage

51 yr
(median)
63.4 yr
(30-87 yr)
NA

NA

NA

NA

64 yr
(27-76 yr)
NA

75 ± 9 yr

NA

57 yr
(31-74 yr)
NA

Ⅱ

A-C
(Ducks)
Ⅰ-Ⅳ

B and C
(Ducks)
Ⅱ and Ⅲ

Ⅰ and Ⅲ

pT1-4,
N0-N2
A-D
(Ducks)
A-D
(Ducks)
B2 and C
(Ducks)
Ⅰ-Ⅳ

Ⅰ-Ⅳ

72.4 yr
T1-4,
(34.5-94.0 yr) N1-2, M0
Ⅱ-Ⅲ
67 ± 9 yr

< 85 yr

NA

52.0 yr
(24-87 yr)
63 ± 11.71 yr

Age

Table 1 Main characteristics of the studies included in the meta-analysis

No

No

NA

No

NA

No

No

No

No

Yes

NA

No

Yes

Yes

No

No

Yes

No

7 yr
(5-9 yr)
46 mo
(3-93 mo)
7.31 yr
(< 1-> 20 yr)
60 mo
(median)
28.5 mo
(2-96 mo)
66 mo
(median)

5 yr

68 mo
(3.6-127.4 mo)
47.19 ± 6.2 mo

5 yr

95 mo
(1-203 mo)
NA

46.9 mo
(3.0-148.6 mo)
105.5 ± 39.6 mo

NA

(21-2572d)

986 d

NA

NA

Treatment Follow-up time
before
Median(range)
surgery
Thermo
Scientific
Dako

Antibody
source
1:50

Antibody
dilution
> 10%

Cut off value

6

6

6

6

7

7

6

5

5

6

5

5

5

6

8

8

8

7

HR(95%CI) estimation Quality
Score

OS = 0.7 (0.34-1.45)
Multivariate
TMA/IHC
1:100
> 5%
OS = 0.211 (0.026-1.718)
Univariate
IHC
Genetex
NA
Multiply the intensity
OS = 2 (1.21-3.3)
score by the percentage
Multivariate
RFS = 1.32 (0.82-2.13)
of labeled cells > 150
Multivariate
IHC
Dako
1:50
> 5%
OS = 0.87 (0.51-1.48)
Univariate
DFS = 0.971
(0.654-1.449)
Multivariate
TMA/IHC
Dako
1:300
Score ≥ 1
DFS = 0.409
(0.256-0.653) Univariate
IHC
Dako
1:50
> 10%
OS = 2.526 (1.146-5.565)
Univariate
IHC
Dako
1:50
> 10%
OS = 3.064 (1.217-7.718)
Multivariate
TMA/IHC
NA
NA
> 30%
OS = 1.15 (0.94-1.39)
Multivariate
IHC
Dako
NA
> 30%
OS = 0.221 (0.105-0.464)
Univariate
IHC
Santa Cruz 0.25 μg/mL
NA
OS = 1.43 (1-2.06)
Biotechnology
Multivariate
IHC
Dako
1:40
> 5%
OS = 0.032 (0.007-0.158)
Univariate
IHC
NA
NA
Score ≥ 0.5
OS = 0.67 (0.493-0.92)
Multivariate
IHC
Biogenex
1:10
> 5%
OS:0.273(0.139-0.534)
Univariate
IHC
Dako
1:80
> 10%
OS = 0.556 (0.326-1.031)
Univariate
IHC
Cambridge
1:80
Score ≥ 0.5
RFS = 0.45 (0.083-2.441)
Laboratories
Multivariate
IHC
NA
NA
Score ≥ 2
OS = 0.505 (0.317-0.804)
Univariate
IHC
Dako
NA
> 10%
OS = 0.858 (0.433-1.698)
Univariate
TMA/IHC
NA
1:2000
NA
OS = 0.251 (0.111-0.567)
Multivariate

IHC

Detection
method
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2003

2003

2003

2003

2001

2001

Kouraklis et al[32]

Scopa et al[33]

Sun et al[34]

Bendardaf et al[35]

Elkablawy et al[36]

Meterissian et al[37]

5022

1999

Australia

Colon and
rectum

Rectum

Biden et al[45]

Finland

1999

Ishijima et al[42]

Hirvikoski et al[44]

Ireland

Colon and
rectum

Colon and
rectum
Rectum

Colon

Colon and
rectum

Colon and
rectum

Colon and
rectum
Colon and
rectum

Colon

Colon and
rectum

Colon and
rectum

Sinicrope et al[43]

1999

Leahy et al[41]

Italy

Germeny

Italy

Canada

United
Kingdom

Finland

Sweden

Greece

Greece

Canada

Italy

Colon and
rectum
1999
Japan
Colon and
rectum
1999 United States
Colon

1999

Buglioni et al[40]

Schwandner et al[39] 2000

2001

2004

Garrity et al[31]

Paradiso et al[38]

2004

Rosati et al[30]

66 (49/17)

92 (62/30)

137 (71/66)

33 (10/23)

102 (22/80)

171 (57/114)

160 (47/113)

80 (29/51)

76 (62/14)

52 (18/34)

58 (45/13)

138 (82/56)

117 (76/41)

113 (55/58)

366 (97/269)

103 (41/62)

B and C
(Ducks)
A-D
(Ducks)
A-D
(Ducks)

A-D
(Ducks)
A-D
(Ducks)

N0,M0

(26-89 yr)
72 yr
(52-90 yr)
NA

A-C
(Ducks)
A-D
(Ducks)
T2-3,

(Ducks)

(56-70 yr)

69 yr
(39.2-85.5 yr)
61.6 yr
(42-86 yr)
65.2 yr

A-D

Ⅰ-Ⅲ

Advanced

(Ducks)

pT2-4,
N01,M0-1
B

66.7 yr
(31-92 yr)
64 yr

NA

(40-89 yr)

71.2 yr

68.8 yr
(33-93 yr)

60.3 yr
T2-X,N0(24.3-78.2 yr) X,M0-1

70.9 yr
(42-94 yr)
66 yr
(25-82 yr)
71 yr
(43-94 yr)

(Ducks)

B2 and C

(Ducks)

(29-79 yr)
NA

B and C

66 yr

NA

Yes

No

NA

No

No

No

No

No

NA

Yes

NA

No

No

Yes

Yes

32 mo
(0-306 mo)
NA

(2-281 mo)

105.5 mo

9.9 yr
(9.0-11.2 yr)
NA

(median)

38 mo
(12-72 mo)
50 mo

NA

(5-110 mo)

59 mo

43.5 mo
(2-111 mo)

NA

97 mo
(44-142 mo)
NA

NA

(median)

8.7 yr

5 yr

IHC

IHC

IHC

IHC

IHC

IHC

IHC

IHC

IHC

IHC

IHC

IHC

IHC

IHC

IHC

IHC

Dako

Dako

Santa Cruz
Biotechnology
Dako

Dako

Dako

Dako

Dako

Dako

Dako

Nova Castra
Laboratories
Ltd
Dako

Dako

Dako

Dako

Dako

1:40

1:200

1:20

1:50

1:50

NA

1:20

1:40

1:50

4 μg/mL

1:50

1:80

1:40

1:50

1:50

NA

OS = 0.71 (0.37-1.35)
Univariate
DFS = 1 (0.51-1.96)
Univariate
OS = 0.99 (0.69-1.429)
Multivariate
DFS = 0.971
(0.654-1.449)
Multivariate
OS = 0.523 (0.304-0.903)
Univariate
OS = 1.55 (0.7-3.4)
Multivariate
OS = 0.504 (0.221-1.146)
Univariate

Sum the intensity score
OS = 1.02(0.7-11.5)
and expression score ≥
Univariate
1.10
Multiply the intensity OS = 0.552 (0.231-1.319)
score and expression
Univariate
score ≥ 6
≥ 30% or stain intensity
OS = 0.35 (0.13-0.94)
scale ≥ 1
Univariate
DFS = 0.49 (0.19-1.26)
Univariate
> 5%
OS = 1.287 (0.76-2.183)
Univariate
> 10%
DFS = 0.181
(0.056-0.585) Univariate
A strong homogeneous OS = 0.192 (0.0439-0.84)
cytoplasmic
Multivariate
DFS = 0.178
immunoreaction
(0.0508-0.625)
Multivariate
> 5%
OS = 0.5 (0.2-1)
Multivariate
> 30%
DFS = 1.051
(0.202-5.464) Univariate
> 20%
OS = 0.46 (0.21-1.05)
Multivariate
RFS = 0.45 (0.21-0.96)
Multivariate
> 20%
OS = 0.99 (0.55-1.79)
Univariate
> 5%
OS = 0.132 (0.057-0.306)
Univariate

> 5%

Cytoplasmic staining

> 5%

> 10%

> 10%

5

6

7

6

7

7

7

6

7

6

6

7

8

8

5

7
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1998

1998

Kaklamanis et al[47]

Tollenaar et al[48]
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1995

Ofner et al[50]

Austria

Germeny

India

United
Kingdom
United
Kingdom
Netherlands

Colon and
rectum

Colon and
rectum
Colon and
rectum
Colon and
rectum
Colon and
rectum
Colon and
rectum

104 (47/57)

95 (64/31)

48 (29/19)

209 (99/110)

224 (73/151)

66 (40/26)

67.8 yr
(35-90 yr)

48 yr
(25-74 yr)
63.8 ± 12.5 yr

NA

NA

NA

pT1-4,
N0X,M0-1

B
(Ducks)
A-C
(Ducks)
A-C
(Ducks)
B and C
(Ducks)
pT2-3,
N0,M0
NA

NA

NA

No

NA

NA

NA

29.95 mo
(2-36 mo)
Up to 8 yr

36 mo
(1-72.5 mo)
NA

NA

IHC

IHC

IHC

IHC

IHC

IHC

Dako

Dianova

Boehringer
Mannheim
Dako

Dako

Dako

1:300

1:60

NA

1:200

NA

1:40

An unequivocally
strong cytoplasmic
immunoreaction
Stain

> 5%

Score ≥ 2

> 10%

Stain

OS = 0.443 (0.252-0.78)
Univariate

RFS = 0.77 (0.62-0.96)
Univariate
OS = 0.605 (0.375-0.977)
Univariate
OS = 0.978 (0.658-1.453)
Univariate
OS = 7.813 (2.375-25.64)
Univariate
DFS = 0.504 (0.27-0.943)
Univariate
7

6

7

8

7

5
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It is well documented that defects in the mitochondrial apoptotic pathway are closely related with carcinogenesis. Bcl-2 is a key inhibitor of apoptosis, playing a major
role in the maintenance of normal balance between apoptosis and cellular survival.
Currently, effective treatment of CRC remains a big challenge. The majority of patients will experience relapse or distant metastases within 5 years following
surgical resection. Abnormal Bcl-2 activation has been implicated during the evolution of CRC. Up to this date, however, the exact role of Bcl-2 in CRC has not been
established. The explanation of this inconsistency is not known, perhaps because of the variations with ethnicity and location in the patient population. By the same
token, no consistent conclusion about the prognostic value of Bcl-2 expression in CRC patients has been made. So we speculate that the prognostic significance of

DISCUSSION

Begg’s test was used to assess the potential publication bias. The funnel plots for the OS (Figure 5A) and DFS/RFS (Figure 5B) indicated that there was no evidence of
significant publication bias in our present meta-analysis.

Publication bias

Twelve studies were selected to assess the association between Bcl-2 high expression and tumor differentiation grade. The pooled OR was 2.475 (95%CI: 1.307-4.685,
2
P = 0.005) with statistical heterogeneity (I = 68.4%, P = 0.000), which indicated that low expression of Bcl-2 was correlated with differentiation of CRC. Correlation
between Bcl-2 overexpression and Ducks’ stages were also evaluated in twelve studies. The pooled OR was 1.630 (95%CI: 1.009-2.632, P = 0.046) with significant
2
heterogeneity (I = 78.1%, P = 0.000), suggesting that downregulated Bcl-2 expression was associated with the progression of CRC. However, we did not find significant
association between Bcl-2 expression and gender or the tumor location, the pooled OR being shown in Table 3.

Impact of Bcl-2 high expression on clinicopathological parameters

a favorable OS when the patients adopted no therapy before surgery (HR = 0.696, 95%CI: 0.502-0.964, P = 0.029) (Figure 3C). Our results also indicated that the NOS
quality score had no significant effect on the prognostic value of Bcl-2 expression (Figure 3D). Meanwhile, a sensitive analysis was conducted to assess the role of each
study on the overall environment. To achieve this, studies were excluded one at a time while the rest were analyzed. HR of Bcl-2 high expression on OS ranged from 0.664
(95%CI: 0.532-0.830) to 0.730 (95%CI: 0.585-0.909) (Figure 4A), and pooled HR of Bcl-2 high expression on DFS/RFS ranged from 0.597 (95%CI: 0.461-0.775) to 0.687
(95%CI: 0.528-0.894) (Figure 4B).

P/N: Positive/Negative; NA: Not assessable.

1996

Baretton et al[49]

Bhatavdekar et al[14] 1997

1998

Ilyas et al[46]
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Published articles identified through
database searching
(n = 2264)

Additional records identified
through other sources
(n = 10)

Records after duplicates removed
(n = 2266)

Records excluded on the basis of title and
abstract (n = 1858)

Full-text articles excluded with reasons (n = 152)
Detection method was not IHC (n = 7)

Records screened
(n = 408)

Exclusion for those were not research articles
and clinic specimens (n = 63)
Non English literature (n = 45)
No data of outcome (n = 92)

Studies included in quantitative
synthesis (meta-analysis)
(n = 40)

Exclusion for those repeated populations
totally or partially (n = 9)

Figure 1 Flow diagram of the selection procedure for the studies.

Table 2 Subgroup analysis of pooled hazard ratios for colorectal cancer patients with overexpressed Bcl-2
Stratified analysis
No. of patients
≥ 100
< 100
Study location
Asia
Europe and America
Treatment before surgery
Yes
No
Quality score
≥7
<7

No. of studies

No. of patients

P value

Pooled HR (95%CI)

Heterogeneity

I ² (%)

P value

22
12

6274
712

0.684 (0.54-0.866)
0.693 (0.389-1.235)

0.002
0.214

75.9
85.8

0.000
0.000

7
26

777
6143

1.021 (0.488-2.136)
0.691 (0.553-0.864)

0.955
0.001

88.2
73.9

0.000
0.000

7
18

2056
2615

0.772 (0.55-0.947)
0.696 (0.502-0.964)

0.394
0.029

73.8
79.9

0.001
0.000

18
16

2471
4515

0.678 (0.499-0.92)
0.708 (0.503-0.996)

0.013
0.047

71.8
84.9

0.000
0.000

Table 3 Bcl-2 expression and clinicopathological features of colorectal cancer
Clinicopathologial features

No. of studies

Gender (male vs female)
Tumor location (colon vs rectum)
tumor grade (1 + 2 vs 3)
Ducks' stage (A + B vs C + D)

11
8
12
12

No. of patients
1671
1361
1454
1572

Bcl-2 expression in CRC may be restricted to specific
subgroups. To the best of our knowledge, this is
the first meta-analysis pertinently investigating the
prognostic value of Bcl-2 expression in CRC.
Our meta-analysis incorporated 40 eligible studies
with the survival data of OS, DFS and RFS. From our
analyses results we found that Bcl-2 high expression is

WJG|www.wjgnet.com

Pooled OR (95%CI)
1.125 (0.865-1.463)
1.168 (0.922-1.480)
2.475 (1.307-4.685)
1.630 (1.009-2.632)

P value
0.381
0.199
0.005
0.046

Heterogeneity

I²

P value

30.2%
0%
68.4%
78.1%

0.158
0.628
0.000
0.000

of significant association with increased OS and DFS/
RFS in patients with CRC. When the subgroup analyses
were conducted, the pooled results demonstrated
that high expression Bcl-2 was a favorable prognostic
factor in subgroup with number of patients more than
100 and subgroup with origin country of Europe and
America. Additionally, Bcl-2 overexpression showed an
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A				

Overall survival
									
HR (95%CI)
Study ID 			
Bcl-2 positive vs Bcl-2 negative
Cai (2016)
Melincovici (2016)
Huang (2015)
Blazi (2015)
Fucini (2012)
Xu (2009)
Zlobec (2008)
Torsello (2008)
Cahlin (2008)
Tsamandas (2007)
Meleth (2007)
Zavrides (2006)
Georgiou (2006)
Zhao (2005)
Lustosa (2005)
Krajewska (2005)
Rosati (2004)
Garrity (2004)
Kouraklis (2003)
Scopa (2003)
Sun (2003)
Bendardaf (2003)
Elkablawy (2001)
Meterissian (2001)
Paradiso (2001)
Buglioni (1999)
Leahy (1999)
Sinicrope (1999)
Hirvikoski (1999)
Biden (1999)
Kaklamanis (1998)
Tollenaar (1998)
Bhatavdekar (1997)
Ofner (1995)
2
Overall (I = 80.0%, P = 0.000)

%
weight

0.70 (0.34, 1.45)
0.21 (0.03, 1.72)
2.00 (1.21, 3.30)
0.87 (0.51, 1.48)
2.53 (1.15, 5.57)
3.O6 (1.22, 7.72)
1.15 (0.94, 1.39)
0.22 (0.10, 0.48)
1.43 (1.00, 2.06)
0.03 (0.01, 0.16)
0.67 (0.49, 0.92)
0.27 (0.14, 0.53)
0.56 (0.33, 1.03)
0.50 (0.32, 0.80)
0.86 (0.43, 1.70)
0.25 (0.11, 0.57)
0.71 (0.37, 1.35)
0.99 (0.69, 1.43)
0.52 (0.30, 0.90)
1.55 (0.70, 3.40)
0.50 (0.22, 1.15)
1.02 (0.70, 11.50)
0.55 (0.23, 1.32)
0.35 (0.13, 0.94)
1.29 (0.76, 2.18)
0.19 (0.04, 0.84)
0.50 (0.20, 1.00)
0.46 (0.21, 1.05)
0.99 (0.55, 1.79)
0.13 (0.06, 0.31)
0.61 (0.38, 0.98)
0.98 (0.66, 1.45)
7.81 (2.38, 25.64)
0.44 (0.25, 0.78)
0.69 (0.55, 0.87)

2.97
0.92
3.52
3.44
2.81
2.50
4.11
2.92
3.83
1.42
3.93
3.10
3.34
3.60
3.07
2.75
3.18
3.83
3.42
2.81
2.73
1.63
2.62
2.38
3.48
1.53
2.77
2.77
3.30
2.69
3.57
3.76
1.97
3.37
100.00

NOTE: Weight are from random effects analysis
0.5 1 1.5

B

Disease (recurrence) free survival
						
Study ID 		
Bcl-2 positive vs Bcl-2 negative

Baretton (1996)
Ilyas (1998)
Sinicrope (1999)
Ishijima (1999)
Buglioni (1999)
Schwandner (2000)
Meterissian (2001)
Garrity (2004)
Rosati (2004)
Chatla (2005)
Belt (2014)
Blazi (2015)
Huang (2015)
2
Overall (I = 59.0%, P = 0.004)

%
weight

HR (95%CI)
0.50
0.77
0.45
1.05
0.18
0.18
0.49
0.97
1.00
0.45
0.41
0.78
1.32
0.65

(0.27,
(0.62,
(0.21,
(0.20,
(0.05,
(0.06,
(0.19,
(0.65,
(0.51,
(0.08,
(0.26,
(0.50,
(0.82,
(0.50,

0.94)
0.96)
0.96)
5.46)
0.63)
0.58)
1.26)
1.45)
1.98)
2.44)
0.65)
1.20)
2.13)
0.85)

8.56
14.69
6.98
2.23
3.51
3.89
5.31
11.94
7.96
2.14
10.82
11.30
10.68
100.00

NOTE: Weight are from random effects analysis
0.5

1 1.5

Figure 2 Hazard ratio of Bcl-2 expression associated with (A) overall survival and (B) disease free survival/recurrence free survival. DFS: Disease free
survival; RFS: Recurrence frees survival.

increased OS when the patients adopted no therapy
before surgery. As to clinicopathological parameters
analysis, Bcl-2 was found to express more frequently
in tumors with high differentiation grade and A/B

WJG|www.wjgnet.com

Ducks’ stage. It should be noted that no publication
bias was found in this meta-analysis.
Our study leads to several valuable conclusions.
First, expression of Bcl-2 is a favorable factor for
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A				

Number
									
Study ID 			
Bcl-2 positive vs Bcl-2 negative

HR (95%CI)

%
Weight

Cai (2016)

0.70 (0.34, 1.45)

2.97

Huang (2015)

2.00 (1.21, 3.30)

3.52

Blazi (2015)

0.87 (0.51, 1.48)

3.44

Xu (2009)

3.06 (1.22, 7.72)

2.50

Zlobec (2008)

1.15 (0.94, 1.39)

4.11

Torsello (2008)

0.22 (0.10, 0.46)

2.92

Meleth (2007)

0.67 (0.49, 0.92)

3.93

Zavrides (2006)

0.27 (0.14, 0.53)

3.10

Georgiou (2006)

0.56 (0.33, 1.03)

3.34

Lustosa (2005)

0.86 (0.43, 1.70)

3.07

Krajewska (2005)

0.25 (0.11, 0.57)

2.75

Rosati (2004)

0.71 (0.37, 1.35)

3.16

Garrity (2004)

0.99 (0.69, 1.43)

3.83

Kouraklis (2003)

0.52 (0.30, 0.90)

3.42

Scopa (2003)

1.55 (0.70, 3.40)

2.81

Sun (2003)

0.50 (0.22, 1.15)

2.73

Buglioni (1999)

0.19 (0.04, 0.84)

1.53

Leahy (1999)

0.50 (0.20, 1.00)

2.77

Sinicrope (1999)

0.46 (0.21, 1.05)

2.77

Kaklamanis (1998)

0.61 (0.38, 0.98)

3.57

Tollenaar (1998)

0.98 (0.66, 1.45)

3.76

Ofner (1995)

0.44 (0.25, 0.78)

3.37

0.68 (0.54, 0.87)

69.38

Melincovici (2016)

0.21 (0.03, 1.72)

0.92

Fucini (2012)

2.53 (1.15, 5.57)

2.81

Cahlin (2008)

1.43 (1.00, 2.06)

3.83

Tsamandas (2007)

0.03 (0.01, 0.16)

1.42

Zhao (2005)

0.50 (0.32, 0.80)

3.60

Bendardaf (2003)

1.02 (0.70, 11.50)

1.63

Elkablawy (2001)

0.55 (0.23, 1.32)

2.62

Meterissian (2001)

0.35 (0.13, 0.94)

2.36

Paradiso (2001)

1.29 (0.76, 2.18)

3.46

Hirvikoski (1999)

0.99 (0.55, 1.79)

3.30

Biden (1999)

0.13 (0.06, 0.31)

2.69

Bhatavdekar (1997)

7.81 (2.38, 25.64)

1.97

0.69 (0.39, 1.24)

30.62

0.69 (0.55, 0.87)

100.00

≥ 100

2

Subtotal (I = 75.9%, P = 0.000)
< 100

2

Subtotal (I = 85.8%, P = 0.000)
2

Overall (I = 80.0%, P = 0.000)
NOTE: Weight are from random effects analysis
0.5
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B				

Nation
									
Study ID 			
Bcl-2 positive vs Bcl-2 negative

HR (95%CI)

%
Weight

Cai (2016)

0.70 (0.34, 1.45)

3.03

Huang (2015)

2.00 (1.21, 3.30)

3.66

Xu (2009)

3.06 (1.22, 7.72)

2.52

Zhao (2005)

0.50 (0.32, 0.80)

3.76

Krajewska (2005)

0.25 (0.11, 0.57)

2.79

Bhatavdekar (1997)

7.81 (2.38, 25.64)

1.95

Ofner (1995)

0.44 (0.25, 0.78)

3.48

1.02 (0.49, 2.14)

21.19

Melincovici (2016)

0.21 (0.03, 1.72)

0.89

Blazi (2015)

0.87 (0.51, 1.48)

3.57

Fucini (2012)

2.53 (1.15 5.57)

2.86

Zlobec (2008)

1.15 (0.94, 1.39)

4.36

Torsello (2008)

0.22 (0.10, 0.46)

2.98

Cahlin (2008)

1.43 (1.00, 2.06)

4.03

Tsamandas (2007)

0.03 (0.01, 0.16)

1.39

Meleth (2007)

0.67 (0.49, 0.92)

4.14

Zavrides (2006)

0.27 (0.14, 0.53)

3.18

Georgiou (2006)

0.56 (0.33, 1.03)

3.45

Lustosa (2005)

0.86 (0.43, 1.70)

3.15

Rosati (2004)

0.71 (0.37, 1.35)

3.25

Garrity (2004)

0.99 (0.69, 1.43)

4.02

Kouraklis (2003)

0.52 (0.30, 0.90)

3.54

Scopa (2003)

1.55 (0.70, 3.40)

2.86

Sun (2003)

0.50 (0.22, 1.15)

2.77

Bendardaf (2003)

1.02 (0.70, 11.50)

1.60

Elkablawy (2001)

0.55 (0.23, 1.32)

2.65

Meterissian (2001)

0.35 (0.13, 0.94)

2.36

Paradiso (2001)

1.29 (0.76, 2.18)

3.59

Buglioni (1999)

0.19 (0.04, 0.84)

1.49

Leahy (1999)

0.50 (0.20, 1.00)

2.82

Sinicrope (1999)

0.46 (0.21, 1.05)

2.82

Hirvikoski (1999)

0.99 (0.55, 1.79)

3.41

Kaklamanis (1998)

0.61 (0.38, 0.98)

3.72

Tollenaar (1998)

0.98 (0.66, 1.45)

3.94

0.69 (0.55, 0.86)

78.81

0.73 (0.59, 0.91)

100.00

Asla

2

Subtotal (I = 88.2%, P = 0.000)
Europe and America

2

Subtotal (I = 73.9%, P = 0.000)
2

Overall (I = 78.2%, P = 0.000)
NOTE: Weight are from random effects analysis
0.5
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C				

Therapy
									
Study ID			
Bcl-2 positive vs Bcl-2 negative

HR (95%CI)

%
Weight

No
Cai (2016)

0.70 (0.34, 1.45)

4.13

Huang (2015)

2.00 (1.21, 3.30)

4.87

Blazi (2015)

0.87 (0.51, 1.48)

4.77

Xu (2009)

3.06 (1.22, 7.72)

3.49

Cahlin (2008)

1.43 (1.00, 2.06)

5.30

Tsamandas (2007)

0.03 (0.01, 0.16)

2.00

Meleth (2007)

0.67 (0.49, 0.92)

5.43

Zavrides (2006)

0.27 (0.14, 0.53)

4.30

Lustosa (2005)

0.86 (0.43, 1.70)

4.27

Krajewska (2005)

0.25 (0.11, 0.57)

3.83

Kouraklis (2003)

0.52 (0.30, 0.90)

4.73

Scopa (2003)

1.55 (0.70, 3.40)

3.91

Meterissian (2001)

0.35 (0.13, 0.94)

3.29

Paradiso (2001)

1.29 (0.76, 2.18)

4.79

Buglioni (1999)

0.19 (0.04, 0.84)

2.14

Leahy (1999)

0.50 (0.20, 1.00)

3.86

Sinicrope (1999)

0.48 (0.21, 1.05)

3.86

Tollenaar (1998)

0.98 (0.66, 1.45)

5.20

0.70 (0.50, 0.98)

74.17

Melincovici (2016)

0.21 (0.03, 1.72)

1.30

Fucini (2012)

2.53 (1.15, 5.57)

3.91

Torsello (2008)

0.22 (0.10, 0.48)

4.07

Rosati (2004)

0.71 (0.37, 1.35)

4.39

Garrity (2004)

0.99 (0.69, 1.43)

5.29

Bendardaf (2003)

1.02 (0.70, 11.50)

2.29

Hirvikoski (1999)

0.99 (0.55, 1.79)

4.58

0.79 (0.45, 1.38)

25.83

0.72 (0.55, 0.95)

100.00

2

Subtotal (I = 79.9%, P = 0.000)

Yes

2

Subtotal (I = 73.8%, P = 0.001)

2

Overall (I = 77.7%, P = 0.000)
NOTE: Weight are from random effects analysis
0.5
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D				

Score
									
Study ID			
Bcl-2 positive vs Bcl-2 negative

HR (95%CI)

%
Weight

Cai (2016)

0.70 (0.34,1.45)

2.97

Melincovici (2016)

0.21 (0.03, 1.72)

0.92

Huang (2015)

2.00 (1.21, 3.30)

3.52

Blazi (2015)

0.87 (0.51, 1.48)

3.44

Zavrides (2006)

0.27 (0.14, 0.53)

3.10

Georgiou (2006)

0.56 (0.33, 1.03)

3.34

Rosati (2004)

0.71 (0.37, 1.35)

3.16

Kouraklis (2003)

0.52 (0.30, 0.90)

3.42

Scopa (2003)

1.55 (0.70, 3.40)

2.81

Sun (2003)

0.50 (0.22, 1.15)

2.73

Meterissian (2001)

0.35 (0.13, 0.94)

2.36

Buglioni (1999)

0.19 (0.04, 0.84)

1.53

Leahy (1999)

0.50 (0.20, 1.00)

2.77

Sinicrope (1999)

0.46 (0.21, 1.05)

2.77

Kaklamanis (1998)

0.61 (0.38, 0.98)

3.57

Tollenaar (1998)

0.98 (0.66, 1.45)

3.76

Bhatavdekar (1997)

7.81 (2.38, 25.64)

1.97

Ofner (1995)

0.44 (0.25, 0.78)

3.37

0.68 (0.50, 0.92)

51.51

Fucini (2012)

2.53 (1.15, 5.57)

2.81

Xu (2009)

3.06 (1.22, 7.72)

2.50

Zlobec (2008)

1.15 (0.94, 1.39)

4.11

Torsello (2008)

0.22 (0.10, 0.46)

2.92

Cahlin (2008)

1.43 (1.00, 2.06)

3.83

Tsamandas (2007)

0.03 (0.01, 0.16)

1.42

Meleth (2007)

0.67 (0.49, 0.92)

3.93

Zhao (2005)

0.50 (0.32, 0.80)

3.60

Lustosa (2005)

0.86 (0.43, 1.70)

3.07

Krajewska (2005)

0.25 (0.11, 0.57)

2.75

Garrity (2004)

0.99 (0.69, 1.43)

3.83

Bendardaf (2003)

1.02 (0.70, 11.50)

1.63

Elkablawy (2001)

0.55 (0.23, 1.32)

3.62

Paradiso (2001)

1.29 (0.76, 2.18)

3.46

Hirvikoski (1999)

0.99 (0.55, 1.79)

3.30

Biden (1999)

0.13 (0.06, 0.31)

2.69

0.71 (0.50, 1.00)

48.49

0.69 (0.55, 0.87)

100.00

≥7

2

Subtotal (I = 71.8%, P = 0.000)
<7

2

Subtotal (I = 84.9%, P = 0.001)
2

Overall (I = 80.0%, P = 0.000)
NOTE: Weight are from random effects analysis
0.5

1 1.5

Figure 3 Hazard ratio of Bcl-2 expression associated with overall survival in the subgroup. A: Patients’ number; B: Patients’ country of origin; C: The condition
of treatment before surgery; D: Quality score of study.

CRC. The relationship between Bcl-2 expression and
transformation from normal epithelium to invasive
cancer is not entirely clear. However, there is evidence
to suggest that during the evolution of CRC, the role of
Bcl-2 oncoprotein is believed to be in the early stages
[51,52]
of carcinogens
. Moreover, lack of Bcl-2 expression
has been proved to be correlated with invasion,
metastasis and recurrence of CRC. Our meta-analysis
revealed that the upregulation of Bcl-2 was related
to favorable prognosis in both OS and DFS/RFS.
This is contradictory to the anti-apoptotic function of
Bcl-2, which may be due to the interactions of various

WJG|www.wjgnet.com

proteins involved in apoptotic pathways such as p53,
Fas and so on. Second, our present results indicated
that expression of Bcl-2 protein was associated with
pathological grade and clinical stage, consistent with
[12]
what Zavrides et al
reported. The survival of CRC
patients largely depends on disease stage at the time
of diagnosis and differs greatly between stages. It
was reported earlier that Bcl-2 expression correlated
with improved survival, a significantly higher MFS
[53]
for the subgroup of patients with Dukes’ B . It is
logical to assume that the primary role of Bcl-2 during
carcinogenesis and progression of CRC may depend
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A

Meta-analysis estimates, given named study is omitted
Lower GI limit

Cai
Melincovici
Huang
Blazi
Fucini
Xu
Zlobec
Torsello
Cahlin
Tsamandas
Meleth
Zavrides
Georgiou
Zhao
Lustosa
Krajewska
Rosati
Garrity
Kouraklis
Scopa
Sun
Bendardaf
Elkablawy
Meterissian
Paradiso
Buglioni
Leahy
Sinicrope
Hirvikoski
Biden
Kaklamanis 1
Tollenaar
Bhatavdekar
Ofner

Estimate

Upper GI limit

(2016)
(2016)
(2015)
(2015)
(2012)
(2009)
(2008)
(2008)
(2008)
(2007)
(2007)
(2006)
(2006)
(2005)
(2005)
(2005)
(2004)
(2004)
(2003)
(2003)
(2003)
(2003)
(2001)
(2001)
(2001)
(1999)
(1999)
(1999)
(1999)
(1999)
(1998)
(1998)
(1997)
(1995)
0.53 0.55

B

0.69

0.87

0.91

Meta-analysis estimates, given named study is omitted
Lower GI limit

Estimate

Upper GI limit

Baretton (1996)
Ilyas (1998)
Sinicrope (1999)
Ishijima (1999)
Buglioni (1999)
Schwandner (2000)
Meterissian (2001)
Garrity (2004)
Rosati (2004)
Chatla (2005)
Belt (2014)
Blazi (2015)
Huang (2015)
0.44

0.50

0.65

0.85

0.91

Figure 4 Sensitivity analysis for the meta-analysis of (A) OS and (B) disease free survival/recurrence free survival in all patients.

on disease stage. However, further study on large
sample is needed to confirm this speculation. Third, the
prognostic role of Bcl-2 expression on CRC patients is
evident in Caucasian populations but not yet the case
in Asians. Genomic polymorphisms among various
ethnic groups may be the explanation. Thus, the
clinical value of Bcl-2 should be studied separately
based upon different population structures and
aggregates in the future research. Additionally, the
favorable effect of Bcl-2 expression on CRC patients’

WJG|www.wjgnet.com

overall survival is insignificant in subgroup receiving
preoperative treatment. Some studies have suggested
that preoperative chemoradiation can influence cancer
cell’s apoptosis and treatment effect by changing
Bcl-2 expression. Thus, it seems easy to explain such
observation. However, Long-term prospective studies
are needed to verify this.
Recently, targeting proteins involved in apoptotic
pathways appeared as an attractive strategy to assist
anticancer therapy. A particular concern has been
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Figure 5 Begg’s publication bias plot. It showed no publication bias for the studies regarding the association of Bcl-2 expression with (A) OS or (B) disease free
survival/recurrence free survival in the meta-analysis. Each point represents a separate study for the indicated association.

focused on the development of agents capable of
inhibiting the activity of Bcl-2 family members that
[54,55]
are overexpressed in various malignancies
. In
this regard, it seems that we need to reassess the
of small-molecule drugs targeting Bcl-2. There is a
serious need for more in vivo experiments to explicate
the detailed mechanism. Finally, using Bcl-2 alone to
evaluate prognostic information of CRC patients with
different stages is probably limited. On the other hand,
integration of multiple biomarkers may provid sufficient
[56-59]
support for clinical application
. We suggest
focusing on the combination of key markers within the
prominent pathways that occupy an important role
in clinical prognosis, which better reflects the overall
molecular environment in CRC. A systematic study on
the prognostic value of multi-marker proteins in CRC
patients can also be performed in the future.
There exists some limitations that should be
noted in our meta-analysis. We only recruited articles
published in English, thus a language bias might exist.
Some HRs and their corresponding 95%CIs were
extracted from the survival curves. However, these
data might be less reliable than those directly obtained
from survival data. We use random effects model
to deal with heterogeneity, however, the inter-study
heterogeneity resulted from different populations,
different antibody source and varying cutoff values was
inevitable.
In summary, our meta-analysis suggests that
expression of the Bcl-2 protein is associated with
favorable prognosis in patients with CRC. Subgroup
analysis showed that Bcl-2 overexpression may
become a good prognosis factor in CRC where patients
come from Europe and America but not Asian and
patients not receive any adjuvant therapy before
surgery. These significant associations were more
remarkable in CRCs with high grade of differentiation
and A/B Ducks’ stage. Our analysis also found those
significant associations only be find in populations
more than 100. This told us that further prospective
studies with larger sample sizes are required to
validate the prognostic value of Bcl-2 expression in

WJG|www.wjgnet.com

CRC.
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Abstract
We are reporting a rare case of acute liver injury that
developed after an internal hemorrhoid treatment
with the aluminum potassium sulfate and tannic acid
(ALTA) regimen. A 41-year-old man developed a fever
and liver injury after undergoing internal hemorrhoid
treatment with a submucosal injection of ALTA with
lidocaine. The acute liver injury was classified clinically
as hepatocellular and pathologically as cholestastic.
We could not classify the mechanism of injury. High
eosinophil and immunoglobulin E levels characterized
the injury, and a drug lymphocyte stimulation test was
negative on postoperative day 25. Fluid replacement
for two weeks after hospitalization improved the liver
injury. ALTA therapy involves injecting chemicals into
the submucosa, from the rectum to the anus, and this
is the first description of a case that developed a severe
liver disorder after this treatment; hence, an analysis of
future cases as they accumulate is desirable.
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dark colored urine, and itchy skin on postoperative day
(POD) 1, and he took loxoprofen sodium, as required.
He consulted another doctor on POD 7, because
the symptoms had not improved, and his blood test
results led to a diagnosis of liver dysfunction. His liver
dysfunction had not improved by POD 14, and he was
admitted to our hospital on POD 15.
The patient was 167 cm tall and weighed 52.5 kg.
He presented with a blood pressure of 103/59 mmHg,
a heart rate of 82 beats per minute, a temperature
of 36.6 ℃, and 99% oxygen saturation in room air.
No specific physical findings were evident during the
clinical examination on the day of hospitalization, but
the patient had a rash, edema, hepatosplenomegaly,
lymphadenopathy, and jaundice. The subjective
symptoms, comprising the fever, dark colored urine,
and itchy skin, had disappeared by POD 10.
The laboratory test results showed that the patient’s
complete blood count was almost normal with a white
blood cell count of 6900 cells/µL, a hemoglobin con
centration of 14.7 g/dL, a hematocrit level of 43.1%,
5
and a platelet count of 3.98 × 10 cells/µL, but a
higher percentage of eosinophils was present (6.8%)
(normal: 1.0%-5.0%), which peaked at 13.9% on
POD 20. The patient’s serum liver enzyme and bilirubin
levels were elevated at the time of admission. The
aspartate aminotransferase (AST) level was 432 IU/L
(normal: 10-40 IU/L), the alanine aminotransferase
(ALT) level was 911 IU/L (normal: 10-40 IU/L), the
alkaline phosphatase (ALP) level was 473 IU/L (normal:
115-359 IU/L), and the total bilirubin level was 1.3
mg/dL (normal: 0.2-1.2 mg/dL). Thus, compared with
the ALP level, the AST and ALT levels showed greater
magnitudes of elevation. The patient’s other blood
test results were within the normal ranges, as follows:
serum albumin: 4.0 g/dL (normal: 3.8-5.2 g/dL);
serum creatinine: 0.86 mg/dL (normal: 0.65-1.09
mg/dL); C-reactive protein: 0.1 mg/dL (normal: 0-0.3
mg/dL); prothrombin time: 100% (normal: 80%-120 %);
thyroid-stimulating hormone: 0.5 µIU/mL (normal:
0.34-4.04 µIU/mL); triiodothyronine: 2.98 pg/dL
(normal: 2.36-5.00 pg/dL); and thyroxin: 1.18 ng/dL
(normal: 0.88-1.67 ng/dL). The serological tests for
autoantibodies generated weakly positive results (1:40)
for anti-nuclear antibodies, and negative results for
anti-smooth muscle and anti-mitochondrial antibodies.
Negative results were obtained from the tests for the
hepatitis B virus surface antigen, the hepatitis C virus
antibody, rapid plasma reagin, the anti-Epstein-Barr
virus immunoglobulin M (IgM) antibody, and the anticytomegalovirus IgM antibody, and from the Treponema
pallidum hemagglutination test. The IgG level was
within the normal range at 1415 mg/dL (normal:
800-1600 mg/dL) and the IgM level was within the
normal range at 100 mg/dL (normal: 60-250 mg/dL).
The IgE level was elevated at 1333 mg/dL (normal:
< 250 mg/dL). Chest radiography did not reveal any
abnormalities. No morphological changes were evident
following abdominal ultrasonography, magnetic re

lymphocyte stimulation test; Drug-induced liver injury
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The definition of drug-induced liver injury
has diversified in recent years. This report describes
the characteristics of a case of acute liver injury
that developed after internal hemorrhoid treatment
using the aluminum potassium sulfate and tannic acid
regimen, and it is the first report of a case of drug-induced
liver injury caused by a rectal submucosal injection.
Yoshikawa K, Kawashima R, Hirose Y, Shibata K, Akasu
T, Hagiwara N, Yokota T, Imai N, Iwaku A, Kobayashi G,
Kobayashi H, Kinoshita A, Fushiya N, Kijima H, Koike K,
Saruta M. Liver injury after aluminum potassium sulfate and
tannic acid treatment of hemorrhoids. World J Gastroenterol
2017; 23(27): 5034-5040 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i27/5034.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i27.5034

INTRODUCTION
Drug-induced liver injury (DILI) is a liver disorder
caused by the administration of drugs, but in recent
years the definition of this term has diversified to
include supplements, health foods, and traditional
[1-3]
Chinese medicines . Drugs that cause hepatopathy
are usually administered orally or intravenously, but
there are few case reports that describe DILI cause
by drugs administered by other routes, for example,
[4-6]
subcutaneously or intravesically .
In this report, we describe a case of DILI that
developed after internal hemorrhoid treatment with
an aluminum potassium sulfate and tannic acid (ALTA)
regimen with lidocaine. This is the first case report
that describes the development and management of a
severe liver disorder after ALTA therapy.

CASE REPORT
A 41-year-old Japanese man was admitted to our
hospital with liver damage, itchy skin, and pyrexia.
His medical history was unremarkable, but one year
previously his gamma-glutamyl transpeptidase levels
had risen to 271 IU/L (normal: < 30 IU/L). Prior to
this, the patient had consumed 540 mL of sake three
times a week, and he had been reducing the amount
of alcohol he consumed for about one year. He did not
smoke or take any recreational drugs. He was single,
was not homosexual, and he had not had sexual inter
course for over one year.
The patient had undergone treatment of his internal
hemorrhoids as an outpatient at a nearby hospital that
comprised an aluminum potassium sulfate and tannic
acid (ALTA) injection. He developed a fever of 38 ℃,
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at multiple sites within the parenchyma and sinusoids.
Masson staining did not show the presence of liver
tissue fibrosis.
The lymphocyte proliferation activity levels, which
were determined from the DLST performed on POD 28,
were 676 counts per minute (cpm) for the control and
871 cpm for the ALTA with lidocaine. The stimulation
index, which was calculated as the ALTA with lidocaine
cpm divided by the control cpm, was 1.29 (normal in
Japanese people: < 1.8).

DISCUSSION
Figure 1 abdominal computed tomography scans did not show any
morphological changes on admission.

This is the first case report that describes suspected
severe acute liver injury caused by ALTA therapy for
the treatment of internal hemorrhoids. Our discussion
focusses on the cause of the acute liver injury, the
components of the ALTA regimen used to treat the
hemorrhoids in this case, the positions of the biopsy
and the DLST in the diagnosis, and the properties of
the administration route.
We primarily suspected DILI caused by the ALTA
therapy in this case. The laboratory test results ruled
out viral, autoimmune, and biliary tract diseases, and
a thyroid gland malfunction as causes of the acute
hepatic injury. Given that the IgG levels were normal
and the autoantibody test results were negative or
only weakly positive in this case, a comprehensive
judgement based on a histopathological evaluation was
[7]
necessary . Accounting for the consumption of alcohol
during the pathological assessments was necessary
based on the patient’s history. Interface hepatitis
with lymphocytic/lymphoplasmacytic inflammatory
activity, rosettes, and emperipolesis, which are chara
[8,9]
cteristic of autoimmune hepatitis
, and lobular
neutrophilic infiltration, ballooning degeneration with
apoptosis, and Mallory bodies, which are characteristic
[10]
of alcoholic liver injury , were not observed in the
pathological specimens from this case. Therefore, we
diagnosed the patient as having DILI, which was a
diagnosis of exclusion. This patient did not regularly
use supplements or health foods, so the suspect drugs
were loxoprofen and the ALTA with lidocaine injection.
Loxoprofen is a non-steroidal anti-inflammatory agent,
is one of the most frequently used drugs by patients
[11]
with DILI , and it was used once by this patient. Given
that it was used to treat the symptoms after their onset,
we decided that loxoprofen did not cause this patient’s
liver injury. Therefore, we concluded that the ALTA with
lidocaine injection caused the acute liver injury in this
case.
®[12]
ALTA is an improved formulation of Xiaozhiling
,
and ALTA injections were approved by the Japanese
Government in 2005 for the treatment of hemorrhoids.
Traditionally, 5% phenol almond oil was injected into
the submucosal layer to treat internal hemorrhoids,
which reduced the blood flow to the thick hemorrhoidal
vein by causing an inflammatory reaction in the
surrounding area and promoting fibrosis, and the short-

sonance cholangiopancreatography, and abdominal
computed tomography (Figure 1).
When the patient was hospitalized, we considered
viral, alcohol-induced, autoimmune, drug-induced,
biliary tract, and thyroid function-based diseases as
frequent causes of acute liver dysfunction for the
differential diagnosis, and, based on the patient’s
medical history, and the serological and imaging results,
we considered that alcohol and DILI were highly likely
causes of the patient’s acute liver dysfunction. However,
the patient had stopped drinking during the past year,
so we thought that there was a high likelihood of DILI.
Therefore, we began conservative treatment with a
small amount of extracellular fluid replacement.
Figure 2 presents the patient’s symptoms, labo
ratory test results, and treatment over the entire
course. The liver transaminase and bilirubin levels
decreased rapidly after admission, and the maximum
levels were as follows: ALT: 950 IU/L on POD 15; AST:
470 IU/L on POD 17; and total bilirubin: 2.1 mg/dL on
POD 17. The ALP and gamma-glutamyl transpeptidase
levels showed consistent downward trends from POD 7.
The patient's symptoms disappeared on POD 10, and
no new symptoms appeared after hospitalization.
We performed a liver biopsy on POD 25, and a druginduced lymphocyte stimulation test (DLST) of the
components of the ALTA injection and lidocaine on POD
28. The patient was discharged on POD 29, and he was
managed as an outpatient without any prescriptions. At
the time of the patient’s first outpatient appointment on
POD 35, his liver transaminase and bilirubin levels had
declined and were almost within the normal ranges.
Figure 3 presents hematoxylin and eosin (H and
E)-stained sections of the liver biopsy performed on
POD 25. The H and E staining showed that the basic
structure of the liver had been maintained without any
hepatocyte dropout or disruption, and that the bile duct
had not been disrupted. At a higher magnification, the
H and E staining showed that the parenchymal cells
were partially dilated and that a mild inflammatory cell
infiltration was present in the area of the central vein.
Neither eosinophil nor plasma cell infiltrations were
detected within the liver tissue. Bile plugs were found
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Figure 2 aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, total bilirubin, and gamma-glutamyl transpeptidase levels in
the patient at presentation and in response to treatment. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; γGTP:
Gamma-glutamyl transpeptidase; T-Bil: Total bilirubin; DLST: Drug lymphocyte stimulation test.
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Figure 3 Micrographs of a liver biopsy specimen. A: Fibrosis around the central vein area and the fibrous expansion of the portal region were not detected (Masson
staining × 40); B: Swelling of the parenchymal cells and a mild infiltration of inflammatory cells around the central vein area were evident (green arrows). Destruction
of the bile duct had not occurred (hematoxylin-eosin staining × 40); C: Bile plugs were found in multiple sites within the hepatocytes and sinusoids (green arrows).
(hematoxylin-eosin staining × 200). CV: central vein; PV: portal vein.
[12]

term one-year results were good . However, the
long-term outcomes from phenol almond oil injections
were not positive in relation to curing hemorrhoids or
regarding the treatment of internal Goligher grade Ⅲ and
Ⅳ hemorrhoids. On the other hand, ALTA sclerotherapy
is now widely used to treat internal hemorrhoids in
Japan, because it performs well over one-to-five years,
with cumulative successive rates at one, three, and
five years of 95.9%, 89.3%, and 89.3%, respectively,
for grade Ⅱ hemorrhoids, and 93.1%, 83.7%, and
[13]
78.2%, respectively, for grade Ⅲ hemorrhoids .
The treatment comprises a four-step process, and it
is injected locally into the submucosa of the rectum
and the anus via the lamina propria, and not into
[14]
the vascular lumen . Aluminum potassium sulfate
causes inflammation inside the hemorrhoids followed
by sclerosis, and tannic acid is an anti-inflammatory
substance that prevents excessive inflammation. The
complications associated with this treatment include

WJG|www.wjgnet.com

bleeding (1.4%), pyrexia (1.4%), and rectal ulcers
[15]
(1.4%) ; however, no case reports that describe
acute liver injury following ALTA injections have been
published.
The formulation used to treat the current case com
prised aluminum potassium sulfate, tannic acid, and
lidocaine. This patient had undergone local anesthesia
involving the use of lidocaine in the past; hence, we
considered that the likelihood of lidocaine involvement in
the acute liver injury was low. Aluminum is less essential
in living organisms, and it is generally considered to
be less toxic. Clinically, aluminum encephalopathy
can become a problem in dialysis patients, and the
possibility of its accumulation in the central nervous
system has been noted when renal excretion becomes
[16]
insufficient . Aluminum as aluminum chloride is used
in an external preparation to manage hyperhidrosis,
and sucralfate is a sucrose sulfate-aluminum complex
that is used to treat peptic ulcers. Although a case
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report has been published that describes liver injury
[17]
following sucralfate treatment , it is very rare and
the underlying mechanism is unknown. There are
no data that describe the transferability of aluminum
into the blood following its external application or
oral administration. In a rat model, intraperitoneal
administrations of aluminum increased the aluminum
concentrations in the blood and caused morphological
changes in the liver, but the mechanism that underlies
[18,19]
these changes remains unclear
. Tannic acid is
used to treat gastric bleeding, diarrhea, and ulcerative
[20,21]
colitis
. Although a liver disorder has been described
that involved an advanced degree of destruction in the
region of the central vein following the administration of
a barium enema containing tannic acid, the causative
component was not identified. Lidocaine is used as an
anesthetic or as an antiarrhythmic agent, and only two
cases of hepatopathy caused by tocainide, which is a
lidocaine analog that is used as an oral preparation for
[22,23]
ventricular arrhythmias, have been published
.
Some scoring systems have been used to diagnose
[24]
DILI , and the Digestive Disease Week Japan 2004
scale and the Roussel-Uclaf Causality Assessment
[25-27]
Method are considered particularly useful
. The
current case scored six points using these scoring
systems, which suggested that DILI was probable in
this patient. DILI is classified in several ways based
on its clinical presentation, histological findings, and
[28]
the hepatotoxicity mechanism . When the current
case was admitted, the R value, defined as the ALT
level/the upper limit of the normal (ULN) ALT level
divided by the ALP level/the ULN ALP level, was 17.3,
and given that it was ≥ 5, we diagnosed DILI with a
[27]
hepatocellular injury pattern . DILI mechanisms can
be separated into the “intrinsic” type, which is dosedependent and can be predicted, and the “idiosyncratic”
type, which is dose-independent and unpredictable,
and the idiosyncratic type can be further classified
[29]
into the immune-mediated and metabolic types .
Immune-mediated DILI develops one-to-eight weeks
after the administration of the drug, and T-celldependent liver injury is accompanied by a positive
DLST, because the drug or its metabolite binds to
protein to acquire antigenicity. Metabolic DILI develops
against a background of the genetic variations in the
enzymes that metabolize drugs, it develops after
the long-term oral administration of drugs, and the
DLST is often negative, because the mechanism is
not mediated by T cells. A mechanism has not been
described for any hepatic disorder caused by the drugs
used to treat this case. The DLST was negative at oneto-two weeks after the administration of the drugs,
and the elevated eosinophil and IgE levels suggested
that the DILI was immune mediated. The mechanism
underlying this patient’s DILI cannot be specified,
because there was a problem relating to the timing
of the DLST that is described below; however, given
that the DILI developed in association with specific
agents, we think the mechanism was idiosyncratic
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hepatotoxicity in this case.
The histopathological patterns in DILI can be
classified as the hepatocellular type, the cholestatic
type, and the mixed type. A characteristic pathological
feature of the hepatocellular type is cyclic necrosis
in the central vein zone (zone 3), and biliary plugs
in the bile capillaries are a characteristic pathological
feature of the cholestatic type. The histological pattern
is basically classified as cholestatic in the idiosyncratic
[30]
clinical disease type , and the current case seemed
to be consistent with the idiosyncratic type. A report
that compares the clinical disease and the pathological
[31]
types
explains that a pathological image can exhibit
the cholestatic type, even if the clinical disease type
is hepatocellular, which corresponds to the current
case. Although the scoring systems can diagnose DILI
with high levels of sensitivity and specificity, they may
[31]
produce high scores for autoimmune hepatitis . Drugs
may cause autoimmune hepatitis, therefore, careful
[32]
evaluations must be undertaken . We confirmed the
liver biopsy findings while taking this fact into account.
A DLST determines the proliferative response by
lymphocytes to the addition of drugs. Based on the
observed responses of sensitized T cells, positive DLST
results tend to be generated by immune-mediated
[33]
DILI . Currently, DLST is positioned as one item that
contributes to the scoring systems used to diagnose
DILI, because it is only positive in association with some
[34]
types of DILI , and because of the diversification of
substances that have been determined to cause DILI
in recent years. The number of reports describing DILI
caused by supplements and health foods has increased
[1-3]
in recent years , and the causal agents include garlic,
[35]
egg yolk, turmeric, glucosamine, and noni juice .
Moreover, traditional Chinese medicine is thought to
[36]
generate false-positive results from DLSTs , and
their interpretation is often difficult. The DLST positive
[1]
response rate for DILI overall is 45.7% .
[37]
On the other hand, Popple et al
and Pichler and
[38]
Tilch
suggested that DLSTs should be undertaken
following remission, that is, at about four-to-eight
weeks, as the tests may generate false-negative results,
because of the strong activation of regulatory T cells or
the uneven distribution of memory T cells caused by
[37,38]
ongoing hypersensitivity reactions
. Because the
patient consent is not obtained, a second DLST cannot
be conducted on samples from that patient. However,
if the test appears to be positive, it may be possible to
determine whether or not the mechanism is immune
mediated.
DILI usually occurs following the oral or intravenous
administration of drugs or when they are administered
as suppositories. In relation to intravesical instillations,
18 cases (0.7%) of pneumonia or hepatitis occurred
following Bacillus Calmette-Guérin therapy for bladder
[4]
cancer . Regarding the subcutaneous administration
of drugs, insulin and interferon injections can cause
[5,6]
hepatic injury . This is the first report that describes
a case of hepatic injury caused by the administration of
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The accumulation and analysis of further cases are necessary to clarify the
mechanism, frequency and clinical variations of this disease type.

drugs to the rectal submucosa. The median rectal vein
and the inferior rectal vein are present in the middleto-lower regions of the rectum, and it is possible that
the administered drugs entered the systemic circulation
from the submucosal blood vessels and caused DILI in
this patient.
We have described the first case of DILI following
an ALTA injection to treat internal hemorrhoids. The
accumulation and analysis of further cases are nece
ssary to clarify the mechanism, frequency, and the
clinical variations of this disease type.

Peer-review

This case report is very informative and well written. It should be worth sharing
to people in the field as well as to the general public.
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George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

Indiad
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
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Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot

IV

Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
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Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
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Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona

VII

Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala
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Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
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United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Frank I Tovey, London
Dhiraj Tripathi, Birmingham

VIII

Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
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EDITORIAL

Colorectal cancer in young adults: A difficult challenge
Fábio Guilherme Campos
to different molecular features and low suspicion
of CRC in young symptomatic individuals. When
confronting young-onset CRC with older patients, issues
such as biological aggressiveness, stage at diagnosis
and clinical outcomes seem to differ in many aspects.
In the future, the identification of the molecular profile
underlying the early development of sporadic CRC
will help to plan tailored screening recommendations
and improve management. Besides that, differential
diagnosis with CRC linked with hereditary syndromes is
necessary to provide adequate patient treatment and
family screening. Until we find the answers to some
of these doubts, doctors should raise suspicion when
evaluating an young adult and be aware of this risk and
consequences of a late diagnosis.
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Core tip: Colorectal cancer (CRC) is traditionally
considered a disease affecting people with more than
50 years of age. However, numerous researches have
detected a rising incidence of CRC in young people,
mainly rectal cancer. This finding raises the need for
increasing clinical suspicion when evaluating symptoms
of a young patient. Furthermore, these groups of pa
tients must be aware of this possibility.
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Abstract
Sporadic colorectal cancer (CRC) is traditionally
diagnosed after the sixth decade of life, and current
recommendations for surveillance include only patients
older than 50 years of age. However, an increasing
incidence of CRC in patients less than 40 years of age
has been reported. This occurrence has been attributed

WJG|www.wjgnet.com

INTRODUCTION
Colorectal cancer (CRC) is the most common gastro
intestinal neoplasia. As it is widely considered a
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disease that affects people after the 5 decade of
life, screening is not indicated before 50 years of age,
[1]
when the risk is lower . Over the past years, the
increasing use of screening colonoscopy in adults aged
50-75 years has declined CRC incidence by at least 4%
per year due to resection of adenomas, also improving
[2]
the detection of more early lesions .
The finding of CRC in adolescents or young adults
has always raised attention due to issues such as the
emotional impact at diagnosis, the disease behavior
and the possibility to be associated with genetic
[3]
diseases .
However, the definition of age to be considered
young is controversial. In an analysis of 6425 patients
[4]
from 55 publications, O'Connell et al found that 37
manuscripts considered young those below 40 years
of age, while 14 (25%) and 4 (7%) defined as young
those below 30 and 35 years of age, respectively.
In the literature, most publications refer the CRC
[4-6]
incidence in patients with less than 40 years of age .
The incidence of CRC diagnosed before 40 years
[5]
of age varies from 0.8% to 15% . Series published
during the last decade reveal great variation due to
biases associated with experiences from one institution
or reference centers. Recently, a greater incidence of
[7]
young age CRC has been documented . Within this
group, a proper investigation to discharge hereditary
forms of CRC is fundamental.
So far, age is not universally accepted as an in
dependent prognostic factor. Otherwise, CRC diagnosis
in young people is always difficult, as both patients
and physicians underestimate symptoms and postpone
[6]
diagnosis and management .

Also, data from the American Cancer Society also
noticed an increase in the global incidence from 1992
to 2005 among adults between 20 and 49 years,
demonstrating a 3.5% increase per years among
[13]
men and 2.9% per year in women . More recently,
a report from the National Cancer Database identified
a consistent incidence increase from 1998 to 2007 by
analyzing a group of young-onset (64068, 11%) and
[14]
later-onset (52480, 89%) CRC .

Clinico-pathological and genetic
aspects
There exists lots of discussion regarding the disparities
related to age at CRC diagnosis and tumor biology,
recurrence rates, treatment and outcomes. Most
publications emphasize that the incidence of youngonset CRC has increased mainly between 40-49
years, when they are more likely to be found in the
distal colon and rectum and also advanced stages at
presentation.
Although controversial, young patients have been
considered to have a more aggressive biological
[15-17]
behavior and worst prognosis
. Furthermore, It has
been also described a greater prevalence of mucinous
[18]
and less differentiated tumors
within this group,
characteristics also associated with bad prognosis. For
these reasons, the question of considering 40 years
as the basis for colonoscopic surveillance has been a
[19]
constant matter of debate, mainly for men .
This behavior is generally attributed to the
discovery of a more advanced disease, as stages Ⅲ
[14,18,20]
and Ⅳ predominate among the young
. Our
group evaluated the question if a late diagnosis could
result from less diagnostic efforts in an apparent
health group, and we found that symptoms duration
was equal (13.8 mo vs 14.5 mo, P = 0.5) among the
[5]
[21]
young and control group . Others
have similarly
emphasized that the greater proportion of patients
with advanced-stage could not be simply explained by
delay in diagnosis.
These results suggest that identification of highrisk young people for screening and recognition of
alert symptoms is now a real medical problem. For
this, complaints such as persistent rectal bleeding,
abdominal pain or anemia should require endoscopic
work-ups even in average-risk young people.
One of the main challenges in a young population
is to distinguish sporadic from the hereditary forms
of CRC. Overall, only 2%-5% of CRC are caused by
[22]
highly penetrant genes , and 15%-20% of CRC
[23,24]
in young age population are hereditary
. An
additional problem is that a familiar history of CRC in
almost one fifth of hereditary syndromes patients is
[14,25]
not recognized
. Besides this, when diagnosed with
a CRC, a young patient should undergo genetic tests,
even in the absence of clinical phenotype or normal
[26]
MSI-IHC studies .

EPIDEMIOLOGY
[8]

CRC lifetime risk is around 5% . Since 1998, the CRC
overall incidence has decreased in the United States,
[9]
as a probable effect of CRC screening . However, in a
contrast to these overall trends, this pattern is different
among young adults.
Studies from Surveillance Epidemiology and End
Result have presented important findings regarding the
epidemiologic trends of CRC in different age groups.
[10]
Bailey et al reported a growing incidence rate (10%)
among patients from 20 to 50 years and a 20%
reduction after 50 years. Using resource data from
[11]
1987 to 2006, Davis et al
found raising incidences
within patients aged 20-49 years, especially among
those between 40-44 years (from 10.7 in 1988 to 17.9
per 100 thousand in 2006). From 1973 to 2005, Meyer
[12]
et al
identified 7661 CRC patients with less than 40
years in a retrospective study. Age variation throughout
time revealed stable rates for colon and increased
rates for rectal cancer. Consequently, the authors
emphasize that symptomatic young adults should be
endoscopically investigated to avoid a late diagnosis, as
malignant tumors in young predominates in segments
distal to the splenic flexure.
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So far, knowledge regarding the molecular fea
tures of sporadic young-onset CRC is limited. It is
generally thought that they derive from a cumulative
effect of multiple genetic variants displaying variable
penetrance. Probably, the molecular profile in young
is heterogeneous and different from late-onset CRC
[27]
patients .

genetic profile may affect CRC incidence and outcomes
of treatment interventions in different age cohorts.
In the absence of genetic information, however,
individual decisions should be taken on the basis of
health status, family history, opportunity to undergo
postoperative follow-up, quality of anal sphincters and
patient consent information.
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Abstract
Precision medicine, currently a hotspot in mainstream
medicine, has been strongly promoted in recent
years. With rapid technological development, such as
next-generation sequencing, and fierce competition
in molecular targeted drug exploitation, precision
medicine represents an advance in science and
technology; it also fulfills needs in public health care.
The clinical translation and application of precision
medicine - especially in the prevention and treatment
of tumors - is far from satisfactory; however, the
aims of precision medicine deserve approval. Thus,
this medical approach is currently in its infancy; it has
promising prospects, but it needs to overcome numbers
of problems and deficiencies. It is expected that in
addition to conventional symptoms and signs, precision
medicine will define disease in terms of the underlying
molecular characteristics and other environmental
susceptibility factors. Those expectations should
be realized by constructing a novel data network,
integrating clinical data from individual patients and
personal genomic background with existing research
on the molecular makeup of diseases. In addition,
multi-omics analysis and multi-discipline collaboration
will become crucial elements in precision medicine.
Precision medicine deserves strong support, and
its development demands directed momentum. We
propose three kinds of impetus (research, application
and collaboration impetus) for such directed momentum
toward promoting precision medicine and accelerating
its clinical translation and application.
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been generated to guide clinical application, including
sickness prevention, early disease diagnosis, precise
therapy, and pharmacological development.
Currently, precision medicine is highly valued.
Financial support has been provided through policy
changes at the national level and it has received enter
prise sponsorship, especially in China and the United
States. However, the support has been uncoordinated.
The development of the emerging discipline of precision
medicine needs stronger support and proper guidance
and monitoring.

Core tip: Precision medicine aims toward accurate,
efficient and effective diagnostic testing and precise
treatment. Emerging techniques and therapeutic drugs
based on molecular profiling and genomic characteristics
will help achieve that goal. Next-generation sequencing
is the most frequently used methodology for precision
medicine applications; however, proteomics and
metabolomics tests are growing in accuracy and ease
of use. In terms of applications and outcomes, the
benefits conferred by precision medicine are currently
insufficient. Present development of precision medicine
lacks order. Therefore, precision medicine needs strong
support to develop, and a directed momentum is
required. We suggest three kinds of impetus (research,
application and collaboration impetus) for such directed
momentum toward promoting precision medicine and
accelerating its clinical translation and application.

PARADOXICAL STATUS QUO
Disputes and controversies have plagued precision
medicine since it was first proposed. Recently, Tannock
and Prasad noted the imperfect, unpromising current
[1,2]
status of precision medicine . In those publications
in top medical journals, the authors found that in
oncology, treatment choice based on tumor molecular
or personal genomic profiling confers scarce clinical
benefits to patients in terms of prognosis, survival
time, or quality of life. With the approach to precision
medicine in recent years, several negative or inferior
outcomes have appeared in numerous areas; for
example, targeted therapy in oncology and imperfect
application of genome sequencing in disease diagnosis.
[3]
With SHIVA , a randomized controlled phase 2 trial
of multiple solid tumors compared the efficacy of
targeted agents selected based on tumor molecular
profiling (using an algorithmic approach) with that of
a physician’s choice. The SHIVA results showed that
median progression-free survival (PFS), the primary
endpoint, was almost equally poor in both cases: 2.3
and 2.0 mo, respectively. This outcome illustrates the
uncertain prospects for genomic-targeted therapy in
the clinical treatment of cancer.
However, the application and development of
precision medicine, especially in oncology, should
not be disregarded only because of certain negative
results. SHIVA was based on a specific treatmentallocation algorithm, and it was unable to assess any
drug’s efficacy. Several aspects of that algorithm may
have interpreted the PFS results as negative. Those
aspects include the definition and prioritization of the
specified driver molecular alterations (established
in a histology-agnostic way according to the data
available when SHIVA was designed in 2011). The
influence of resistance aberrations and use of targeted
therapies were the only options available, which rather
consistently affected the identified molecular alteration
directly.
There have been unpromising outcomes with some
basket trials, in which molecular targeted agents were
applied across diverse histologically defined tumors.
However, in trials with the same single genomic
alteration or some umbrella trials (in which multiple
genomic alterations within the same tumor histology

Lin JZ, Long JY, Wang AQ, Zheng Y, Zhao HT. Precision
medicine: In need of guidance and surveillance. World J
Gastroenterol 2017; 23(28): 5045-5050 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i28/5045.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i28.5045

INTRODUCTION
Advancing technology in genomic sequencing has
achieved a level of development, whereby a personal
genome can now be obtained for under US$1000 and
within a day. That is approximately 3 million times
cheaper and 3000 times quicker than during the
period of the Human Genome Project, which ended in
2003. Toward a deeper understanding of the human
genome, among both healthy and sick populations,
novel disease taxonomies and new treatment options
(such as basket and umbrella trials in oncological
therapy) are regarded as promising areas in current
medicine. Accordingly, the term “precision medicine”
began appearing in the literature. A bill proposed by
the United States President Barack Obama in early
2015 was expected to define disease by the underlying
molecular characteristics and other environmental
susceptibility factors in addition to conventional
symptoms and signs.
The overarching theme of precision medicine is
to classify disease more precisely, diagnose more
accurately, approach treatment more individually,
and undertake more specific preventions. Hitherto,
almost all these aims have been based on establishing
a vast data network that integrates clinical data from
individual patients and personal genomic background
with existing research on the molecular makeup
of diseases. Based on these big data, individual
treatments and customized prevention strategies have
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were targeted), the outcomes primarily resulted from
inaccuracies with current precision medicine. This in
turn originated in the heterogeneity of tumors and
[4]
constant evolution in the biological process of cancer .
Thus, the belief that the specimen “determines” the
result appears frequently in genomic research on
oncology, i.e., the specimen selected for a sequence
determines the genome sequences of the entire tumor
mass. Most current molecular targeted agents lack
proper target specificity and, thus, are too short in
their pesticide effect. Therefore, large datasets and
molecular targeted agents with more specificity and
efficacy offer much room for development.

invasions, which may result in micrometastasis,
followed by frequent recurrences and poor prognosis in
[8]
hepatocellular carcinoma .
Tumor tissue genetic sequencing has gradually
become a common test in many medical centers.
Circulating tumor DNA detected in the peripheral
circulating blood (termed a liquid biopsy) has been
validated as significant with various types of cancer;
it has been especially promising in early detection,
targeted agent selection, drug resistance analysis, and
tumor recurrence monitoring in colorectal and lung
[9,10]
cancer
. Other forms of liquid biopsy (including
circulating tumor cells, the exosome, and circulating
nucleic acid detection) provide minimally invasive
methods to diagnose and evaluate cancer status.
This progress in precise diagnosis - alone or
combination with conventional examinations - has
improved specificity and sensitivity in cancer diagnosis,
allowing early detection. Based on divergence in multiomics combined with conventional cancer definitions,
precision medicine has the potential to achieve a new
type of diagnostic categorization using unique tumor
genetic profiling molecular variations, and biomarker
characteristics.

CLINICAL DEVELOPMENT OF PRECISION
MEDICINE
Prevention

Hitherto, disease prevention has emphasized etiologic
treatment and early screening, which are imperfect
in directionality and induce waste in manpower,
material resources and funds. With the application
of more accurate detection methods in the era of
precision medicine, classification based on individuals
with different genetic, environmental and lifestyle
characteristics can be achieved. In the case of
oncology prevention, subgroups with high risk factors
should have a different prevention strategy from
others, e.g., greater frequency of health examinations
or even prophylactic treatment. A large-sample study
found that tumor suppressor genes in BRCA mutations
may produce hereditary breast and ovarian cancer
[5]
syndrome . Thus, a more rigorous prevention strategy
is required for individuals carrying the BRCA mutation
since they belong to the high-risk population.
Genome-wide association studies have allowed
the nomination of candidate genes related to a
given disease, which is helpful in identifying the
[6]
disease-susceptible population . In patients with
inflammatory bowel disease (IBD), over 200 genetic
susceptibility loci have been identified and the
gut microbiome characterized; that has promoted
precise diagnosis, monitoring, and treatment of
[7]
IBD . A potential contribution of precision medicine
is more comprehensive, accurate understanding of
morbidity and mortality trends among populations and
groups with diverse cancers. Such a development is
particularly pertinent to tumor monitoring and targeted
prevention.

Treatment

The genetic background and expression models of
tumors have become clearer; it has become possible to
differentiate the mutated genes in tumors from those
in adjacent benign tissues. Large-scale sequencing
studies have recognized genomic alterations, which
are currently used to guide targeted therapy. However,
another problem concerns the difficulty in identifying
driver genes with gatekeeper mutation in individual
genetic profiling. Driver genes have been located;
however, only a small proportion of mutation genes
possess specific molecular targets for drugs. Owing to
the lack of proper understanding of the mechanisms of
action of targeted molecular agents, targeted therapy
has shown poor efficacy in many tumor patients.
Accordingly, precise classification for all cancer
patients has not been achieved, and there is much
room for improvement. Even so, precision medicine
has heralded the dawn of oncological therapy. For
example, hepatocellular carcinoma is worldwide one of
the most lethal cancers, with high morbidity in South
Asia. The only targeted drug for this carcinoma is
sorafenib, which was approved by the United States
Food and Drug Administration. Following dedicated
genomic profiling in recent years, several targeted
[11]
[12]
drugs, such as regorafenib
and lenvatinib , have
been identified and verified. Those drugs will be
used instead of sorafenib and improve the therapeutic
efficacy in patients with advanced hepatocellular
carcinoma.
Treatment will become more precise and effective
through proper, beneficial screening of patients,
rather than adopting a unified therapeutic strategy for

Diagnosis

Tumor molecular diagnosis has made tremendous
advances following improvements in diagnostic
techniques. For many years, finite genomic data have
been applied to guide diagnosis, inform prognosis,
and support treatment decisions with several types
of cancers. For example, p53 mutations have been
found to be commonly associated with microvascular
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patients with the same cancer. This may be achieved
by genome sequencing to identify therapeutic targets
and more reliable molecular classification of a tumor,
as well as broadening the utility of existing molecular
targeted drugs in precision oncology.
One of the main goals of precision medicine is
maximizing the therapeutic effect and minimizing the
occurrence of adverse drug reactions by identifying
the correct agent and dose for each patient. Nume
rous advances in precision medicine have been
made in determining and understanding how such
factors as genetic polymorphisms influence drug
pharmacokinetics (PKs) and contribute to variable drug
responses (VDRs). For example, alcoholic liver disease
(ALD) and nonalcoholic fatty liver disease (NAFLD),
the most common chronic liver diseases in Western
society, have been demonstrated to possess a close
relationship with intestinal microbiota compositions.
Studies have described how products secreted by
microbiota-derived metabolites could influence the
PKs and VDRs of drugs used for treating ALD and
[13]
NAFLD . With deeper understanding of host-microbial
interactions, novel therapeutic methods targeted at
gut microbiota could enable new treatment options to
restore the intestinal ecosystem and cure liver disease.

However, multiple issues hamper this process; they
include reluctance to collaborate among professional
societies, clinicians and reimbursement organizations.
There is a lack of robust criteria to accommodate strict
requests for prospective controlled clinical trials, aiming
to verify the superiority of an individualized approach
for drug prescription based on personal molecular
profiling. There is likewise a lack of a reliable reference
method for comparing a patient’s genome with the
greater population’s “normal” genome.
Thus, research has emphasized empowering
clinicians, patients and investigators to work together
toward more personalized care, improving clinical
outcomes, and establishing an effective patient cohort,
[14]
wherein both clinical and multi-omics
data are
collected.

Application impetus

The clinical application of precision medicine is not
limited to molecular targeted therapy and personal
genomic sequencing. Precision medicine possesses
broader connotations, which include omics analysis,
molecular detection, biomarker promotion, molecular
imaging, and molecular pathology. Those areas depend
on further advances in medical informatics and bioin
formatics. Precision medicine will work effectively
when the medical establishment integrates research to
provide evidence for constant, iterative improvement
of medical practice in different disciplines.
Personalized treatments and methodology in
precision medicine can also complement conventional
therapy and novel immunotherapy, such as immune
checkpoint inhibitors in cancer treatment enhancing
the clinical benefits. Using whole-exome sequencing,
[15]
Le et al
revealed that colorectal cancers with
amounts of somatic mutations induced by mismatch
repair defects are more susceptible to immune
checkpoint blockade with pembrolizumab (a PD-1
[16]
antibody). Van Allen et al
analyzed whole exomes
from 110 patients with metastatic melanoma; they
found that overall mutational load, neoantigen load,
and expression of cytolytic markers in the immune
microenvironment were highly correlated to the
response of CTLA-4 inhibitor.
Following genomic detection in a population
showing inconsistent responses to the same chemo
therapeutic agents, molecular profiling has been
confirmed to be related to chemotherapy sensitivity.
Although this correlation is not strong enough to inform
drug selection in all diseases, personalized therapy has
been successfully achieved in some patients. Applying
the methodology of precision medicine based on
traditional therapy and immunotherapy may therefore
help uncover discrepancies in populations and locate
the sources of different curative effects. These dis
coveries could translate to enhancers or reinforcing
agents overcoming inefficiency and resistance with
existing therapies.

THREE KINDS OF IMPETUS TOWARD
DIRECTED MOMENTUM
Precision medicine is currently weak; that has restricted
its clinical application and popularity. Negative
outcomes in personalized therapy based on individual
molecular profiling have also been discouraging for
precision medicine. However, the objective pursued
by precision medicine deserves approval, and a
collaborative impetus is necessary to promote it.
Precision medicine pursues its aim based on genetic,
biomarker, phenotypic and psychosocial characteristics
toward a therapy that targets the needs of individual
patients; it distinguishes one patient from other
patients with similar clinical presentations. Achieving
precision medicine requires a directed momentum.
Impetus from diverse aspects should be emphasized as
follows.

Research impetus

The orthocenter of precision medicine should not be
situated merely in oncological research; it should
expand to other disease categories, such as contagious
and rare diseases, chronic illnesses, and even among
healthy populations. Studies in precision medicine
must establish a foundation to construct a reliable
biological information database, including proteomics,
metabolomics, genomics, epigenomics, and even
mobile health technology, that underpins all humanity.
Such a development needs a broad research plan to
encourage creative approaches to precision medicine.
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Collaboration impetus

The development of precision oncology does not involve
repudiation of evidence-based medicine. Almost all
present clinical applications of precision medicine refer
to evidence-based medicine. To explore the real effects
of applying precision medicine to the individual, precise
medical practice and validation need to be combined
[17]
with methodology analogous to real-world research .
In the era of precision medicine, robust and thorough
supervision should be implemented - especially in
commercial genomic sequencing and individual genome
consulting. To make the market more canonical and
accelerate the merging of precision medicine with
evidence-based medicine, related administrations and
organizations need to devise detection standards and
industry norms. Governments should be responsible
for formulating policies that ensure the sound de
velopment of precision medicine, leading to virtuous
competition, accelerated clinical translation, and
providing sufficient freedom to promote cooperation
among courses. To maximize the benefits of precision
medicine, pharmaceutical companies should undertake
more clinical trials and drug development for treating
infrequent cancers, such as cholangiocellular and
vascular endothelial carcinoma.

5

6

7
8

9

CONCLUSION
There is a significant gap between precision medicine
and its application in clinical settings and for disease
prevention. However, precision medicine is not illusory
for medical development; its essence is exploring
novel technology to assist with acute interventions in
individual patients by generating and using numerous
sources of personal data to group and treat patients
more accurately. Pursuing precision medicine demands
directed momentum based on the impetus from
research, application, and collaboration. All players
and aspects - academic, social, policy, and economic
- should coordinate toward promoting precision
medicine.

10

11
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Barrett’s oesophagus: Current controversies
Chidi Amadi, Piers Gatenby
lower oesophagus is replaced by columnar epithelium
following prolonged gastro-oesophageal reflux and
is the recognised precursor lesion for oesophageal
adenocarcinoma. There are multiple national and
society guidelines regarding screening, surveillance
and management of Barrett’s oesophagus, however
all are limited regarding a clear evidence base for a
well-demonstrated benefit and cost-effectiveness of
surveillance, and robust risk stratification for patients to
best use resources. Currently the accepted risk factors
upon which surveillance intervals and interventions are
based are Barrett’s segment length and histological
interpretation of the systematic biopsies. Further patient
risk factors including other demographic features,
smoking, gender, obesity, ethnicity, patient age,
biomarkers and endoscopic adjuncts remain under
consideration and are discussed in full. Recent evidence
has been published to support earlier endoscopic
intervention by means of ablation of the metaplastic
Barrett’s segment when the earliest signs of dysplasia
are detected. Further work should concentrate on
establishing better risk stratification and primary and
secondary preventative strategies to reduce the risk of
adenocarcinoma of the oesophagus.
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Core tip: Oesophageal adenocarcinoma is increasing in
incidence especially in Western populations. Barrett’s
oesophagus is the identifiable pre-malignant condition
which allows periodic surveillance and secondary
prevention to be undertaken to reduce cancer risk.
There has been recent evidence supporting earlier
endoscopic intervention for dysplastic changes in
Barrett’s oesophagus, but the high burden of survei
llance prompts increased efforts to identify individuals
at highest cancer risk to concentrate resources on
those patients who will derive the greatest benefit.

Abstract
Oesophageal adenocarcinoma is rapidly increasing in
Western countries. This tumour frequently presents
late in its course with metastatic disease and has a very
poor prognosis. Barrett’s oesophagus is an acquired
condition whereby the native squamous mucosa of the
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and without comprehensive population-based studies
it is difficult to define the true incidence of the disease.
Overall, it is fundamentally the presence of metaplastic
columnar epithelium in the distal oesophagus.
However, other factors which are not part of the
definition are oftentimes included in the requirements
for consideration in surveillance including the precise
location of the oesophageal landmarks, the required
extent of metaplastic mucosa and the presence of
intestinal metaplasia.
Different studies use different clinical end points
when examining outcomes in Barrett’s oesophagus.
Some use cancer incidence or mortality, whereas
others use the development of dysplasia (to improve
study power or due to therapeutic interventions).
Interventional trials may use endpoints such as macro
scopic eradication of columnar mucosa, a reduction
in Barrett’s extent or absence of intestinal metaplasia
or dysplasia on biopsies. There is also considerable
variability in biopsy protocol and histological grading of
biopsy findings.

Amadi C, Gatenby P. Barrett’s oesophagus: Current controversies.
World J Gastroenterol 2017; 23(28): 5051-5067 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i28/5051.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i28.5051

INTRODUCTION
Barrett’s oesophagus is an acquired oesophageal
condition characterized by the presence of metaplastic
columnar epithelium in the distal oesophagus which
[1]
replaces normal stratified squamous mucosa .
It is associated with prolonged gastro-oesophageal
reflux and a risk of development of adenocarcinoma
[1]
of the oesophagus . Diagnosis is made by oesopha
gogastroduodenoscopy and biopsy sampling to allow
histological examination of the oesophageal mucosa
(Figure 1). There is a histological spectrum of appear
ances of the Barrett’s epithelium spanning benign
changes to adenocarcinoma which is classified using
[2]
the Modified Vienna Criteria into one of five categories
(Table 1).
Following initial diagnosis and confirmation of the
[3-6]
histological findings , the management of Barrett’s
oesophagus will include consideration of periodic
surveillance of the Barrett’s mucosa, measures to
control gastro-oesophageal reflux, chemo-protective
strategies, ablation of the metaplastic segment,
endoscopic resection and surgical resection of the
oesophagus.

SCREENING FOR BARRETT’S
OESOPHAGUS
Screening identifies the possible presence of disease
in asymptomatic individuals to facilitate earlier inter
vention and management with the aim of reducing
morbidity and mortality. The criteria required for a
valid screening programme are listed in Table 2.

WHAT IS THE PREVALENCE OF
BARRETT’S OESOPHAGUS?

AREAS OF DEBATE
Six decades have passed since Normal Barrett
[7]
described this eponymous condition , yet there are still
several areas of controversy surrounding definitions,
formal diagnostic criteria, the role of screening, the
scope of primary and/or secondary prevention and
how to undertake surveillance. The pathogenesis of
Barrett’s oesophagus is also debateable but will not be
addressed fully in this article as the focus is clinical. The
most controversial areas surround the fact that overall
risk has been established but calculating individualised
risk is limited as it is based on crude markers of
perceived risk. Also, new evidence for earlier ablation
of dysplasia has changed the goals of surveillance; the
best risk modification to reduce the risk of dysplasia is
not widely practiced; sampling error and pathological
interpretation are subject to significant errors; and
adjuncts to these methods not being widely taken up.

Several studies have established that the prevalence
of Barrett’s oesophagus in the unselected general
population is between 1%-2% in European studies
(Italian 1.3%, n = 1033 and Swedish 1.6%, n =
[8,9]
[10]
1000) . It is 5.6% in the United States . The factors
associated with Barrett’s oesophagus are gastro[11-16]
oesophageal reflux disease (GORD) symptoms
,
[11-13]
[11,12,17]
older age
, and the male gender
. Studies
have revealed an association with central obesity
(waist to hip ratio or abdominal circumference, but
less clearly to body-mass index or overall body fat
content), tobacco smoking, the Caucasian race
and a positive family history. Conversely, alcohol
consumption does not appear to be a strong risk factor.
Studies have also found potential risk factors including
metabolic syndrome, type 2 diabetes mellitus, and
[18-21]
sleep apnoea
. It has been suggested that the
difference in prevalence between the United States
and Europe is due to a higher prevalence of associated
risk factors (GORD, obesity, diet, smoking); and can
explain the reason behind the difference in prevalence
[8,22]
between the West and Asia or Africa
. Nevertheless,
data from meta-analyses on the difference in cancer

DEFINITIONS IN BARRETT’S
OESOPHAGUS
The definition of Barrett’s oesophagus is controversial.
There are several definitions of Barrett’s oesophagus
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Table 1 Modified Vienna Criteria
Category
1
2
3
4

5

Description
No dysplasia
Indefinite for dysplasia
Low-grade intraepithelial neoplasia (low-grade
adenoma/dysplasia)
High-grade intraepithelial neoplasia (high-grade
adenoma/dysplasia, non-invasive carcinoma, or
suspicion of invasive carcinoma)
Invasive epithelial neoplasia (intramucosal
carcinoma, submucosal carcinoma, or beyond)

Figure 1 Barrett’s oesophagus on endoscopy.

incidence between countries across the world do not
[23]
show a difference in cancer risk . However, there are
likely to be differences between individual studies so
further individualised risk stratification is needed with a
possible inclusion on geographical location.
In examining the risk of development of oeso
phageal adenocarcinoma in the general population:
a large case-control study found that the OR of
developing oesophageal adenocarcinoma for patients
with GORD symptoms at least once a week was 7.7
(95%CI: 5.3-11.4) compared to individuals without
[24]
GORD symptoms .
In summary, Barrett’s oesophagus is an important
health problem as it is an identifiable premalignant
[1]
leading to oesophageal adenocarcinoma . There is a
detectable early stage where an effective intervention
would be more beneficial than at a later stage as it
would reduce the risk of malignant progression.

defective genes amongst those which control the cell
cycle where genomic instability results in multiple
aneuploid populations of cells; which will genetically
[30-32]
acquire the ability to invade and metastasize
.
A number of studies have reported resolution of
dysplastic changes and whilst regression to a less
severe dysplastic stage may be plausible, the absence of
dysplasia (which by definition is neoplastic with genetic
changes) is more likely to be due to sampling error
[30,32-34]
or variability in histopathological interpretation
.
Several papers conclude that the natural history of
Barrett’s oesophagus is not known with an unpredictable
[29]
progression . Moreover, attempting to understand the
natural history becomes more difficult on an individual
patient basis as it would require consideration of genetic,
[35]
environmental and behavioural factors . Despite the
uncertainty, a study in Northern Ireland found that the
annual risk of oesophageal adenocarcinoma in patients
with Barrett’s oesophagus was 0.38% per year (when
intestinal metaplasia is present) compared to 0.07% in
[36]
patients without intestinal metaplasia . The lifetime
risk was 5.8% in males and 3.0% in females. Overall,
there are many questions surrounding the pathogenesis
which require further research into.

NATURAL HISTORY OF BARRETT’S
OESOPHAGUS
There is an asymptomatic but detectable early stage
which offers a window for treatment. Treatment
of cancer/dysplasia is more beneficial the earlier
[25]
it is given . Subsequently, the natural history is
now often interrupted by interventions made when
[26]
dysplasia is identified . Evidence for the efficacy of
various interventions (endoscopic, pharmacological
and surgical) on the natural history is currently being
studied.
Two specific major United Kingdom trials currently
underway are: the Barrett's Oesophagus Surveillance
Study (BOSS) which randomises patients to standard
surveillance vs endoscopy at time of need and the
Aspirin and Esomeprazole Cancer Chemoprevention
[27,28]
Trial
which is discussed in the section on Secon
dary prevention.
Nevertheless, for now, it is agreed that oesophageal
adenocarcinoma develops by a multistep process
where a normal stratified squamous cell in the distal
oesophagus becomes metaplastic columnar epithelium
under the environmental assault of gastric acid, made
more likely on a background of genetic and non[29]
modifiable risk factor predisposition
and onward
to neoplasia (table 1). The process is dependent on

WJG|www.wjgnet.com

TARGETTED SCREENING
A decision analytical model established that a one-time
screening endoscopy for Barrett’s oesophagus was
[37]
cost-effective . Nonetheless, there is a debate on the
target population for screening and most guidelines
advocate targetting individuals with certain risk factors
rather than the general population to maximise its
yield. One of the important risk factors considered
includes GORD. There is evidence lacking for the most
suitable tests and potential methods for screening
include endoscopy but this is generally considered to
be too expensive, invasive and cumbersome where a
study found that the cost of endoscopic screening in
[38]
GORD patients was $24718 per life-year saved . A
similar figure ($22200) was also arrived at in another
study where the population screened incorporated
a number of the key risk factors (50-year-old white
[39,40]
men with a history of GORD)
. Another study
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Table 2 The Wilson-Jungner criteria for appraising the validity of a screening programme
The Wilson-Jungner Screening Criteria

Achieved for Barrett’s oesophagus?

The condition being screened for should be an important health problem
The natural history of the condition should be well understood
There should be a detectable early stage
Treatment at an early stage should be of more benefit than at a later stage
A suitable test should be devised for the early stage
The test should be acceptable
Intervals for repeating the test should be determined
Adequate health service provision should be made for the extra clinical workload resulting from screening
The risks, both physical and psychological, should be less than the benefits
The costs should be balanced against the benefits

care setting and evaluate its cost effectiveness. A small
study found that 16% of 161 endoscopy referrals were
[45]
suitable for triage to use of the Cytosponge .

investigating the possibility of streamlining the number
of patients requiring endoscopic surveillance has
positive results. They limited the surveillance cohort
after an initial endoscopy to patients with 2 cm of
columnar metaplasia or more, and limited again after
the second endoscopy by excluding patients without
intestinal metaplasia. Results showed that when the
risk was stratified in this way, the percentage requiring
endoscopy was reduced by 33% and the procedure
[41]
becomes cost-effective .

Targetted population

Cost effective identification of patients at highest
risk will involve symptoms, demographics and other
associated factors (as previously discussed). A metaanalysis of five case-control studies (1189 oeso
phageal adenocarcinoma patients and 4666 controls)
revealed that patients with weekly GORD symptoms
were five times more likely (OR = 4.9) to develop
oesophageal adenocarcinoma than their counterparts
[46]
with less frequent or no symptoms . The question
remains as to whether a single (one off) screening
test is appropriate or whether repetition should be
undertaken. Studies show that the mean age at
[47]
the time of diagnosis is approximately 55 years
and whilst children may have patches of columnar
epithelium in the oesophagus or distal oesophageal
columnarised segments, it is rare before five years
[48]
of age . This epidemiology suggests that Barrett’s
oesophagus is an acquired condition and provides insight
into informing the age at which screening should start.
The absolute risk for development of adeno
carcinoma in individuals with GORD symptoms less
than once per week is very low at 0.1 to 15.4 per
100000 for men (aged 30-80 years), and 0 to 2.3
[49]
per 100000 for women (aged 30-80 years) . Over
40% of patients with oesophageal adenocarcinoma do
not have a history of heartburn, and a study in 2000
found that fewer than 5% of patients with oesophageal
adenocarcinoma were known to have had Barrett’s
[24,50]
oesophagus before they presented with symptoms
.
Subsequently, a targetted screening (or surveillance)
programme will only detect some of the individuals at
[49]
risk .
The lack of utility in screening all GORD patients
was echoed in the guidelines from the American
[6]
Gastroenterological Association (AGA) and the
[45]
American College of Physicians
which state that
endoscopy should be offered to patients with risk factors
for adenocarcinoma. According to both guidelines,
these include chronic GORD, hiatal hernia (Figure 2),
age 50 years and over, male gender, Caucasian race,

Cytosponge

The Cytosponge is a device encased within a pill
attached to a piece of string which, when swallowed,
dissolves to reveal an expandable sponge which
scrapes off up to 500000 cells when withdrawn up the
[42]
oesophagus by the string . Whilst being withdrawn,
it collects cells along the entire oesophagus rather
than just point samples from endoscopy. Studies have
already shown that the Cytosponge technique is able
to overcome the sampling bias of endoscopy and is
[43]
able to reflect the entire clonal architecture .
The initial study (BEST1) of 500 patients between
50 to 70 year olds found that 99% were able to
swallow the device without issues. A larger study
(BEST2) was conducted involving 1110 patients with
Barrett’s oesophagus (n = 647) or GORD but not
investigations for Barrett’s oesophagus (n = 463)
where both groups swallowed the Cytosponge (93.9%
swallowed successfully) and underwent an endoscopy.
Results showed that the Cytosponge was as accurate
as endoscopy and was preferred to endoscopy in over
[44]
90% of patients .
The sensitivity of the device was 79.9% which
rose to 87.2% for patients with more than 3 cm of
circumferential Barrett’s oesophagus. It rose further
again to 89.7% when the Cytosponge was swallowed
twice during the study (n = 107). Specificity was
unchanged (92.4%). The study demonstrated that the
Cytosponge is safe and acceptable and comparable
[40]
to other screening options ; however, it was a casecontrol study rather than a population-based study
which limits the amount generalization that can be
[44]
made to a primary care population . Therefore, the
BEST3 Trial is in place to investigate its use in a primary
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defined as < 3 cm) segments when considering the
management of Barrett’s oesophagus.
Intestinal metaplasia is the transformation of
oesophageal or stomach epithelium into that which
resembles intestinal epithelium (with goblet cells
identified in the sampled columnar epithelium).
Its requirement for consideration of surveillance
arises from a suspected lower risk of development
of oesophageal adenocarcinoma in short segment
Barrett’s epithelium without features of intestinal
metaplasia. Recommendations on surveillance based
on the presence of intestinal metaplasia have not been
[4]
included in previous BSG guidelines due concern that
in the process to confirm intestinal metaplasia, there
would be limitations from sampling errors in mucosal
biopsy samples alongside some studies suggesting it
[52]
does not influence cancer risk . Moreover, a studies
showed that initially the rate of developing dysplasia
or cancer was the same in patients with or without
[53,54]
intestinal metaplasia
.
Furthermore, in one study which undertook a
survival analysis, over 50% of those without intestinal
metaplasia initially had evidence of it within 5 years
and there was a cancer risk in patients where
intestinal metaplasia had not been detected. The study
demonstrated that a low number of biopsy samples
(fewer than 8) is not enough to exclude intestinal
metaplasia, especially if the segment of Barrett’s
[55]
oesophagus is short . It has also been demonstrated
that DNA content abnormalities are comparable in
both metaplastic epithelia without goblet cells and
metaplastic epithelia with goblet cells; however, another
study has shown that cancer is commonly found
[56-58]
with the surrounding presence of goblet cells
.
Subsequently, a large study from Northern Ireland
found that the incidence of high grade dysplasia and
cancer in patients with intestinal metaplasia is five
times higher than those without intestinal metaplasia
[36,56]
(0.38% vs 0.07%)
.
The other issue surrounding the use of intestinal
metaplasia in the definition is distinguishing between
true Barrett’s oesophagus and intestinal metaplasia
of the cardia of the stomach. It is notoriously di
fficult to distinguish between the two on a gastrooesophageal junction biopsy sample as the different
forms of intestinal metaplasia occur at both sites and
unless native oesophageal structures are seen by the
histopathologist, there is a lack of reliable markers
which distinguish between intestinal metaplasia of the
oesophagus and cardia requiring accurate endoscopic
[59-62]
technique when sampling this dynamic organ
.
It thus follows that although intestinal metaplasia
is not a prerequisite for the definition of Barrett’s oeso
phagus, it could and should be taken in consideration
when determining the frequency and necessity of
follow-up of patients as there is evidence that it affects
cancer risk long term following the results of the large
[36]
study from Northern Ireland .

Figure 2 Barrett’s oesophagus extending above a hiatus hernia.

and intra-abdominal body fat distribution. Interestingly,
[3]
the American College of Gastroenterology (ACG)
also supports the use of endoscopy as a screening tool
but only if there are GORD symptoms in the presence
of alarm symptoms (dysphagia, weight loss, and
signs of gastrointestinal bleeding). The British Society
of Gastroenterology (BSG) also arrived at similar
conclusions where it was decided that endoscopic
screening is unfeasible and unjustified in an unselected
population with GORD symptoms but should be
considered in patients with chronic GORD and multiple
risk factors (at least three of age 50 years or older,
[4]
Caucasian race, male sex and obesity) . The report
also mentioned that the threshold should be lowered
if there is a family history of Barrett’s oesophagus or
oesophageal adenocarcinoma; and that life expectancy
of the individual should be considered in view of
screening. The National Institute of Health and Care
Excellence also has guidelines on a “two-week wait
referral for suspected upper gastrointestinal cancer”
where endoscopy is urgently arranged for patients with
the following symptoms: dysphagia or aged 55 and
over with weight loss and upper abdominal pain, reflux
[51]
or dyspepsia .

DIAGNOSIS AND CONSIDERATION
OF ENTRANCE INTO SURVEILLANCE
PROGRAMMES
Controversies around the entrance into a surveillance
programmes focus on the relevance of intestinal meta
plasia and the minimum length of Barrett’s oesophagus
needed. Following endoscopic and histological diagnosis,
as per the BSG, AGA, ACG and American Society
[3-6]
for Gastrointestinal Endoscopy (ASGE) , intestinal
metaplasia is not compulsory but helpful, and patients
with at least 1 cm of columnar metaplasia of the
oesophagus may be considered for surveillance.

Relevance of intestinal metaplasia

There have been differences in opinion on the im
portance of the detection of in short (arbitrarily
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1-cm threshold and “long segment” Barrett’s
oesophagus

present) is medically controlled as active inflammation
makes it very difficult to differentiate between dysplasia
and reparation. The biopsies taken should then classed
[2]
using the five-tier system of the Vienna classification
(table 1).
In most guidelines, surveillance is every 2-5 years
if there is no dysplasia, every 6-12 mo for low grade
dysplasia (unless an endoscopic intervention has been
undertaken) and every 3 mo for high grade dysplasia
with most patients undergoing endoscopic therapy
rather than continued surveillance. Indefinite changes
for dysplasia prompt an early repeat endoscopy (typically
at 6 mo) with maximal control of reflux in the interim
period to help clarify the histological features and
allow more accurate interpretation. The evidence base
behind the surveillance intervals arises from decision
analytical models which found that surveillance every 5
years was on the only viable strategy with the greatest
[69]
quality adjusted life ; informing the maximal interval
of 5 years. Another model found that there was
little benefit of surveillance of Barrett’s oesophagus
patients without dysplasia as there is a low incidence
of adenocarcinoma in the group. It demonstrated that
if there is no dysplasia, surveillance intervals longer
than 5 years are associated with costs outweighing the
[37]
marginal increases in quality adjusted life years .

Another area of contention is the use of a 1-cm
threshold. The use of 1-cm stems from studies which
have shown that segments below 1 cm have very high
levels of inter-observer variability, and are at very low
risk of development of oesophageal adenocarcinoma,
and do not show that they are at an increased risk
[63]
of developing dysplasia . Therefore, they are not
considered as Barrett’s oesophagus but as “specialized
intestinal metaplasia of the oesophagogastric junction”,
an irregular z-line or “ultra-short segment Barrett’s
oesophagus”. “Long segment Barrett’s oesophagus”
describes metaplastic segments of 3 or more cen
timetres in length. Increased segment lengths have
been associated with higher dysplasia and cancer risk
and subsequently the presence of intestinal metaplasia
is not considered a pre-requisite for either diagnosis or
[64,65]
enrolment into surveillance programmes
.

PRIMARY PREVENTION
Some of the most important risk factors (male gender,
older age) for developing Barrett’s oesophagus
cannot be modified which limits the scope for primary
intervention to preventing GORD by maintaining
a healthy weight and not smoking. However, the
influence that these risk factors have on the probability
of developing Barrett’s needs to be investigated to
ascertain whether differential efforts need to go into
the respective risk factors as smoking confers a greater
risk for Barrett’s oesophagus in non-GORD controls.

Observer variability

Surveillance relies on histologic evaluation of dysplasia
which unfortunately attracts downsides as there are
pathologic limitations and diagnostic variability in
[70]
assessing the presence and grading of dysplasia .
This is worsened by the fact that the changes which
occur as Barrett’s oesophagus progresses are subtle
and accompanied by a wide range of morphological
patterns of atypia thus introducing intra- and inter[71,72]
observer variability
. The impact of the variability
is most obvious at the lower end of the scale where
it becomes challenging to differentiate regeneration
from dysplasia but not the extremes where agreement
[73]
is generally very high . A study into the variability
found that amongst eight expert oesophageal histo
pathologists, there was only 60% agreement in
drawing a distinction between no dysplasia detected
from indefinite changes for dysplasia and low grade
[74]
dysplasia . The effect is a predilection to a provisional
diagnosis of indefinite changes for dysplasia. Various
studies have investigated whether the variability in the
diagnosis of dysplasia can be decreased but there are
[75]
yet to be substantial solutions . There is clearly the
need for less subjective markers to determine the risk
of malignant progression Barrett’s oesophagus.

SURVEILLANCE
Oesophageal adenocarcinoma is a tumour which tends
to spread early before dysphagic symptoms become
apparent with lymph node metastasis being a very
poor prognostic factor. The goals of surveillance are
to detect dysplasia and early cancer before distant
[66]
disease has developed . Lymphatic invasion may
occur very early in oesophageal tumours (when the
tumour has reached the submucosa) which is one
of the main reasons for the frequent presentation
[67]
of advanced disease and poor prognosis . For
this reason, there is immense benefit in the early
detection of cancer or pre-cancer where intervention
may be curative. Tumours detected within Barrett’s
oesophagus surveillance programmes are in general at
[68]
an earlier stage than those detected de novo .
Endoscopy is the main method of surveillance
in Barrett’s oesophagus with biopsy sampling using
the Seattle protocol which consists of four-quadrant
biopsies taken every 2 cm or every 1 cm in cases of
[69]
dysplasia . The purpose of surveillance is to detect
dysplasia and at present, the frequency of surveillance
is generally based on the grade of dysplasia detected.
Prior to surveillance, it is imperative that GORD (if

WJG|www.wjgnet.com

BIOPSY PROTOCOL AND ADJUNCTS TO
STANDARD SYSTEMATIC BIOPSY
There have been some studies examining the utility
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of a systematic biopsy protocol in comparison to a
[76]
random or targetted approach . One study found that
four-quadrant biopsy detected dysplasia in Barrett’s oeso
phagus in 13 times more patients than non-systematic
biopsy surveillance. There is also discussion around the
benefit of targetted biopsy samples where adjuncts
are used alongside endoscopy to better visualise the
oesophageal mucosa.

absorptive mucosa). Although indigo carmine is
predominately used in investigating the colon by
visualizing pit patterns to distinguish between different
types of polyps, it can also be used to identify Barrett’s
oesophagus when used in conjunction with high[84]
magnification endoscopy and Lugol’s solution . Both
cresyl violet and crystal violet stain cell nuclei thus
[84,85]
aiding in identifying Barrett’s metaplastic mucosa
.
Less commonly used adjuncts to endoscopy are Congo
red and phenol red which are both pH indicators used
to detect areas of ectopic acid secretion.
Although chromo-endoscopy offers benefits to
aid in the screening or surveillance of Barrett’s oeso
phagus, it does have a number of shortcomings that
limit its use. Unfortunately, the procedure is very
subjective and subject to inter-observer variability and
a study found that even when blinding techniques are
employed, there was no increase in the numbers of
cases of Barrett’s oesophagus detected and no widely
[86-90]
accepted standardisation of their application
.

Chromo-endoscopy

Chromo-endoscopy is founded on the current use
of acetic acid to stain abnormal tissues during an
examination of the cervix to whiten immature (young)
and dysplastic cells. When acetic acid is used in
the gastrointestinal tract via a spray catheter in the
endoscope, both the oesophageal and gastric mucosae
turn white (as in the cervix) but once a few minutes
have passed, normal mucosa remains white whereas
Barrett’s mucosa transiently turns red, as does gastric
[77]
columnar mucosa . Its use can be improved by the
addition of indigo carmine to better visualise early
gastric cancer and as a mucolytic to remove mucus
[78]
obscuring the mucosa . Dysplasia may be found
where there are areas of surface irregularity, changes
in the vascular pattern or variability of staining.
A retrospective study (n = 982) involving patients
with Barrett’s oesophagus under surveillance found
that dysplasia was detected in 41/327 (13%) patients
where acetic acid was used as an adjunct vs only
[79]
13/655 (2%) in the random biopsy group . Moreover,
in the initial detection of Barrett’s oesophagus,
targetted biopsies using acetic acid more than doubles
[80]
the yield of detection (57% vs 26%) . Other studies
have shown similar results for acetic acid chromoendoscopy which was found to detect dysplasia and
[81]
neoplasia better than white light endoscopy , with
another study showing that it requires 15 times
[79]
fewer biopsies per neoplasia detected . In another
study where 263 procedures were examined with
neoplasia in 143, acetic acid chromo-endoscopy correctly
identified 96% of these cases vs 55% with white light
endoscopy.
Other dyes which have been used include methylene
blue, toluidine blue, cresyl violet, crystal violet, Congo
red, phenol red and Lugol’s solution. Lugol’s solution
contains potassium iodide and iodine, both of which
attach avidly to glycogen in non-keratinised squamous
epithelium and so studies have found it is extremely
effective for detecting squamous lesions (sensitivity
[82]
9% vs specificity 40%-95%)
and it can also be
used in post-ablation Barrett’s oesophagus patients to
distinguish between regenerative squamous epithelium
and areas of residual Barrett’s mucosa (which do not
take up the dye). Despite its benefits, safety studies
have shown that its use may cause retrosternal pain
[83]
which is attenuated by sodium thiosulfate . Methy
lene blue is only taken up by tissue which is actively
absorbing (small intestinal and colonic epithelium) and
so can be used to find Barrett’s mucosa (metaplastic
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Narrow band imaging

Narrow band imaging (NBI) is an alternative technique
where lights of specific blue (wavelength = 440-460
nm) and green (wavelength = 540-560 nm) wave
lengths are used to enhance the detail of the mucosa
and blood vessels. This works because the wavelengths
correlate with the peak light absorption of haemo
globin hence will appear very dark thus improving their
visibility and easing the identification of neighbouring
structures.
The other methods which can be employed for
surveillance of Barrett’s oesophagus include endo
sonography [endoscopic ultrasound (EUS)], optical
coherence tomography (OCT), confocal microendoscopy,
auto-fluorescence endoscopy and computed virtual
chromo-endoscopy (CVC).

Endoscopic ultrasound

Studies have shown that EUS to screen patients with
Barrett’s oesophagus is neither justified nor costeffective but does play a role when there is high grade
[91]
dysplasia or intramucosal carcinoma . Conversely, in
terms of superiority, OCT is above EUS as its resolution
is better as once can see the layers of the oesophageal
wall can be visualised with good correlation to histologic
structures thus allowing endoscopists to detect high
grade dysplasia earlier. The sensitivity of detecting
[92]
dysplasia was 68% and specificity was 28% .

Computed virtual chromo-endoscopy

CVC enhances mucosal surface contrasts and vascular
pattern variability without the use of dye as is standard
in chromo-endoscopy. Its utility was demonstrated
in a randomised control trial where 57 patients with
Barrett’s oesophagus and a history of high grade
intraepithelial neoplasia/early cancer were allocated
to undergo acetic acid chromo-endoscopy or CVC with
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re-examination after 4-6 wk with the other procedure.
The positive predictive value for the former was 39%
and 37% for the latter with comparable sensitivities at
[92]
83% and 92% respectively . The study thus shows
that CVC is not only useful as an adjunct but provides
comparable results to conventional chromo-endoscopy
in the detection of high grade dysplasia/early cancer.

group on the second biopsy, the appropriate pathway
(no dysplasia detected, low grade dysplasia, high
grade dysplasia, adenocarcinoma) should be taken.
If low grade dysplasia or high grade dysplasia/
intramucosal carcinoma is seen, the findings must be
confirmed with an expert oesophageal histopathologist
and the Seattle protocol used to obtain further sys
tematic biopsies (due to the risk of sampling error
and confirm the degree of dysplasia) with endoscopic
resection of any mucosal irregularities. Guidelines
from the United States and the United Kingdom
recommend that low grade dysplasia patients are
given the option of either surveillance every six
months or endoscopic eradication. For high grade
dysplasia/intramucosal carcinoma patients, guidelines
recommend an intervention to the dysplastic mucosa
at this time due to the risk of an occult carcinoma
[64,96]
or disease progression
. Although endoscopic
eradication is recommended for high grade dysplasia,
endoscopic surveillance is advocated in some units.
The evidence comes from a study over a period of 20
years where of 75 patients with high grade dysplasia
underwent surveillance over an average of 7.3 years,
and 12 developed adenocarcinoma which was curable
[97]
by ablation in all but 1 who was lost to follow-up .
In another study of 45 patients with diagnosed cancer
from high grade dysplasia, 13 were detected at the
initial endoscopy whereas 32 were found during
surveillance and of the 32, only one patient had meta
[98]
static disease when first seen on surveillance .
Patients who are found to have frank oesophageal
adenocarcinoma need to undergo staging investigations
with a frank discussion on possible treatment options.
The radical options include chemo-radiotherapy, radio
therapy, an oesophagectomy or endoscopic resection/
ablation of disease confined to the mucosa. Quality of
life is slow to return after an oesophagectomy and not
[99]
regained in patients surviving less than 2 years .
Unfortunately, abiding by comprehensive systematic
biopsy protocols is very challenging because there is
a substantial time and resource implication to taking
multiple biopsies including time to process and interpret
results. Moreover, there is no widely utilised system for
targetted biopsies.

Auto-fluorescence

Auto-fluorescence endoscopy is a technique incor
porating a real time wide angle view allowing the
endoscopist to rapidly go from standard white lighting
to auto-fluorescence and to very quickly examine
large areas of gastrointestinal mucosa. However, there
was no clear superiority over conventional white-light
imaging (whether or not it is used in conjunction with
[93]
NBI) . On the other hand, confocal microendoscopy
is where the resolution and contrast of imaging is
augmented by eliminating out of focus light by the
addition of a spatial pinhole at the confocal plane of
the lens. A study determined that this method is very
accurate and reliable (sensitivity 88% and specificity
[94]
96%) for the diagnosis of neoplasia .

ENDOSCOPIC SURVEILLANCE
INTERVALS
Non-dysplastic (no dysplasia detected)

The BSG, ASGE and AGA are all in agreement on the
[3-6]
management which follows for each biopsy category .
If biopsies show non-dysplastic Barrett’s oesophagus
(no dysplasia detected), surveillance (every 2-5 years)
is offered following a discussion about its benefits and
risks. The Barrett’s segment length is incorporated into
guidelines too. Australian and British guidelines state
that endoscopy should be repeated 3-5 years if the
maximal length is less than 3 cm, and every 2-3 years
[4,95]
if above or equal to 3 cm
. The AGA and ACG does
not delineate surveillance for no dysplasia detected by
segment length (3-5 years for all lengths); however,
the latter differentiates the number if biopsies by
segment length (4 biopsies for every 2 cm of segment
length, or at least 8 biopsies if the segment is less than
2 cm at the initial exam) which should reduce sampling
[53]
error for detection of intestinal metaplasia .

SURVEILLANCE-DETECTED CANCERS

Indefinite changes for dysplasia, Low grade dysplasia,
High grade dysplasia and Adenocarcinoma

Overall, studies have already demonstrated that
survival rates are markedly better in patients with
Barrett’s oesophagus where endoscopic surveillance
has detected oesophageal adenocarcinoma compared
[100-105]
to patients not undergoing surveillance
. Despite
the potential for the findings from these studies to
be explained away with lead time and length time
biases, the findings were maintained even after
correcting for these biases. Nevertheless, there are
costs associated with surveillance including the small
morbidity associated with surveillance and biopsy,
the resource use and associated anxiety. There are

If biopsies are indefinite for dysplasia, American
and British guidelines emphasise maximal acid
suppression with a PPI to reduce the misleading effects
of reflux oesophagitis on the oesophageal mucosa.
After adequate acid suppression (BSG and Australian
guidelines: 6 mo; ACG: 3-6 mo), further biopsies
should be taken using the Seattle biopsy protocol
and if they are still indefinite, the diagnosis should be
confirmed by an expert oesophageal histopathologist.
If the diagnosis is clarified with classification to another
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[128-130]

also the limitations associated with surveillance
programmes in their goals of detecting dysplasia and
early cancer. There is an ongoing randomised control
trial (BOSS Trial) comparing survival rates in 3400
patients with Barrett’s oesophagus in a standardised
2-year endoscopic surveillance group vs an “at need
[27]
endoscopy” group . Results from the study will
contribute towards the settling the debate on the
need and benefit of surveillance to cancer incidence or
survival.

lower cancer risk

TREATMENT OF DYSPLASIA
In the past, an oesophagectomy was the preferred
option for the management of dysplasia in Barrett’s
oesophagus but nowadays, it can be managed using
endoscopic techniques such as ablation or resection.
Ablative therapy uses energy to destroy the Barrett’s
mucosa (without damaging the deeper oesophageal
wall) but does not provide a tissue sample.
The most commonly used endoscopic ablative
therapy is radiofrequency ablation (RFA) and studies
demonstrate that patients with low- and highgrade dysplasia treated with RFA were less likely
to undergo malignant progression of their disease
[129]
than controls
. A meta-analysis looking into the
efficacy of radiofrequency ablation found that 91% of
patients across 20 studies had complete eradication of
[130]
dysplastic Barrett’s mucosa
. However, recurrence
is an issue as a study of 246 patients with high
grade dysplasia or intramucosal carcinoma found that
despite initial eradication in 80% of cases, neoplastic
recurrence was at 25% by 5 years and metaplastic
[131]
recurrence was 50% by 4 years . Until recently the
role of endoscopic ablation of low grade dysplasia was
controversial, but this has changed with the recently
published outcomes from the SURF study (Surveillance
[132]
vs Radiofrequency Ablation) .
This randomized control trial which compared
surveillance with radio-frequency ablation for low
grade dysplasia. The trial was undertaken at 9 Barrett
treatment centres in Europe where eligible patients had
confirmed low grade dysplasia Barrett’s oesophagus
(seen on endoscopy within the previous 18 mo).
Patients were excluded if they had previous endoscopic
treatment for Barrett’s oesophagus, a history of high
grade dysplasia or adenocarcinoma, active secondary
malignancy, an estimated life expectancy of less than 2
years, and who were under 18 years or over 85 years.
Randomization was in 1:1 ratio into either the ablation
group or the endoscopic surveillance (control) group.
The trial found that the ablation resulted in a
reduced risk of neoplastic progression (high grade
dysplasia or adenocarcinoma) over 3 years of followup [high grade dysplasia: 1.5% ablation group (n
= 1) vs 26.5% control group (n = 18), P < 0.001;
and adenocarcinoma: 1.5% ablation group (n = 1)
[132]
vs 8.8% control group (n = 6), P = 0.03]
. The
number needed to treat to prevent one case of high
grade dysplasia was 4.0 and adenocarcinoma was
13.6. Moreover, the dysplasia and intestinal metaplasia
were completely eradicated and remained so in the
majority of patients in the ablation group. The data
effectively suggests that ablative treatment is superior
to endoscopic surveillance in patients with Barrett’s
oesophagus and low grade dysplasia. Nevertheless, no
patient in the control group had unresectable cancer or
cancer-related death.

SECONDARY PREVENTION
Unfortunately, the incidence of Barrett’s oesophagus
[46]
and oesophageal adenocarcinoma are on the rise .

Medical control of reflux

Acid suppression with PPIs is a fundamental part of the
management of patients with Barrett’s oesophagus,
and PPIs have been shown to be superior to histamine
[106]
receptor antagonists
. It is known that PPI use
relieves symptoms associated with GORD but its effect
on the risk of progression to cancer is not known. It
has been postulated that if PPI treatment could reduce
the stage of dysplasia or the length of Barrett’s mucosa,
[107,108]
it would contribute to a reduction in the cancer risk
.
At present, studies show that PPI use promotes squamous
re-epithelialization next to and on top of Barrett’s mucosa
but does not cause regression hence surveillance would
[109-111]
still be necessary
.

Chemoprevention

There are data that suggest that non-steroidal antiinflammatory drugs (NSAIDs, particularly aspirin and
COX inhibitors) and statins reduce the risk of malignant
progression which was seen in a study of 570 Barrett’s
oesophagus patients who were investigated across
[112]
4.5 years . The study demonstrated that the use of
both pharmacological agents together had an additive
protective effect. These findings and suggestions have
been replicated in several other studies supporting
the potential implementation of chemoprevention
[113-118]
into guidelines
including one which found that
aspirin chemoprevention was more effective and less
[119]
expensive than endoscopic surveillance alone
.
However, there are data which suggest the opposite
[120-122]
or discuss it in general
. Table 3 summarises all
[113,115-117,121,123]
the studies
. Nevertheless, at present,
the BSG, AGA and ACG guidelines do not recommend
chemoprevention.

Anti-reflux surgery

Anti-reflux surgery (fundoplication) has been shown
to offer some benefits to patients with Barrett’s
[124-127]
oesophagus which is mostly symptomatic relief
.
However, at present, there is conflicting evidence
with some studies (including meta-analyses) showing
that anti-reflux surgery does not reduce the risk or
incidence of adenocarcinoma but others do show a
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Table 3 Studies investigating chemoprevention in Barrett’s oesophagus
Ref.

Type

Nguyen et al[113], 2010

Sample size Chemo-prevention

Cohort

812

Corley et al[115], 2003

Meta-analysis
of 9 studies

1813

Alexandre et al[116], 2012

Meta-analysis
of 2 studies
Meta-analysis
of 3 studies
Case-control

1382

Alexandre et al[116], 2012
Beales et al[117], 2012

35214
85

Heath et al[121], 2007

Randomised
control trial

100

Singh et al[123], 2013

Meta-analysis
of 13 studies

9285

Effect on risk

NSAID and aspirin

Filled NSAID/aspirin prescriptions were associated with
a reduced risk of oesophageal adenocarcinoma (adjusted
incidence density ratio, 0.64; 95%CI: 0.42-0.97)
Filled statin prescriptions were associated with a reduction in
EAC risk (0.55; 95%CI: 0.36-0.86)
NSAID and aspirin Protective association between any use of aspirin/NSAID and
oesophageal adenocarcinoma (OR = 0.57; 95%CI: 0.47-0.71)
Intermittent (OR = 0.82; CI: 0.67-0.99) and frequent medication
use were protective (OR = 0.54; 95%CI: 0.43-0.67)
Any use was protective against both oesophageal
adenocarcinoma (OR = 0.67; 95%CI: 0.51-0.87) and squamous
cell carcinoma (OR = 0.58; 95%CI: 0.43-0.78)
Statin
Pooled effect size of 0.53 (95%CI: 0.36-0.78, P = 0.001, I2 = 0%)
for risk of oesophageal adenocarcinoma with prior statin use
Statin
Pooled effect size of 0.86 (95%CI: 0.78-0.94, P = 0.001, I2 = 0%)
for risk of oesophageal adenocarcinoma wth prior statin use
Statin
Regular statin use was associated with a significantly lower
incidence of oesophageal adenocarcinoma (OR = 0.45, 95%CI:
0.24-0.84)
After NSAID/aspirin confounding correction: OR = 0.57,
95%CI: 0.28-0.94
NSAID (celecoxib)
No difference in the proportion of biopsy samples with
dysplasia or cancer between treatment groups in either the
low-grade (median change with celecoxib = -0.09); or highgrade (median change with celecoxib = 0.12) stratum
Statin
A 28% reduction in the risk of oesophageal adenocarcinoma
among patients who took statins (adjusted OR = 0.72; 95%CI:
0.60-0.86)

Overall
Reduces risk

Reduces risk

Reduces risk
Reduces risk
Reduces risk

No effect

Reduces risk

NSAID: non-steroidal anti-inflammatory drug.

Endoscopic resection of specific lesions has been
successfully reported (and the resected tissue can
be examined by the pathologist). Resection of the
entire or circumferential Barrett’s mucosa is not
recommended due to the risk of stricture formation.
It has been reported that complete eradication of high
grade dysplasia/early cancer or Barrett’s mucosa was
achieved in 95% and 89% of patients respectively and
the remaining Barrett’s mucosa may be treated with
[133]
ablative therapy .
Nevertheless, there are issues around current
ablative therapies which include not having an ex
aminable sample; having to wait for the epithelium
to regenerate before repeat sampling can take place
and the risk of buried dysplastic or neoplastic cells
and glands which have the potential to progress
undetected. Moreover, there are risks associated
with the procedure itself (pain, bleeding, perforation
and stricturing), difficulty in interpreting the sampled
[134]
findings, and undemonstrated long-term outcomes .
One of the more novel approaches to ablation
involves the use of cryotherapy where tissue is rapidly
cooled by liquid nitrogen spray or carbon dioxide
gas. Studies demonstrate success rates which are
comparable to aforementioned ablative techniques
in the treatment of Barrett’s oesophagus with highgrade dysplasia (complete eradication of dysplasia in
87%-96% of treated patients and complete eradica
tion of intestinal metaplasia in 57%-96% of treated
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patients). This success has also been replicated in earlystage oesophageal adenocarcinoma where mucosal
cancer was completely eradicated in 75% of patients
which included patients that were unsuccessful with
other therapies. Cryotherapy is generally tolerated well
by patients according to studies but these studies tend
to have small sample sizes and short periods of follow[135]
up so the need for more robust studies remains .

FUTURE DEVELOPMENTS
As mentioned earlier, many institutions are not able
to undertake full Seattle biopsy protocol systematic
biopsies. There are adjuncts but their use is limited
because they are only used in specialist institutions in
the context of research projects and there is a lack of
recommendation in the guidelines.

Biomarkers

The endoscopic detection of Barrett’s oesophagus
and grading of dysplasia are not as reliable as they
could be. The need for reliable biomarkers is critical
in being able to distinguish Barrett’s oesophagus
patients who are at risk of developing oesophageal
[136,137]
adenocarcinoma
. The number of publications
discussing a potential biomarker for Barrett’s oeso
phagus have increase exponentially over the last 30
years from 1 in 1981 to 1069 in total in 2011 which
reflects the fact that Barrett’s oesophagus needs a

5060

July 28, 2017|Volume 23|Issue 28|

Amadi C et al . Barrett’s oesophagus: Current controversies
Table 4 Summary of molecular biomarkers predicting malignant progression
Biomarker

Phase

Sample size

End-point

3
4
3

195
243
380

High grade dysplasia/adenocarcinoma
Adenocarcinoma
Adenocarcinoma

4

322

Adenocarcinoma

4
4

256
48

Adenocarcinoma
High grade dysplasia/adenocarcinoma

3

53

HD/adenocarcinoma

3

27

Adenocarcinoma

4

239

Adenocarcinoma

3
3

48
307

High grade dysplasia/adenocarcinoma
Adenocarcinoma

4
4

300
361

Adenocarcinoma
Adenocarcinoma

Biomarker panels
8-gene methylation panel
DNA content abnormalities and loss of heterozygosity
Expert low grade dysplasia, aneuploidy, Aspergillus oryzae lectin
DNA content abnormalities
Aneupolidy/tetraploidy
Tumour suppressor loci
p53 loss of heterozygosity
p53 staining
Epigenetics
P16 methylation
Proliferation
Mcm2
Clonal diversity
Clonal diversity measures
Cell cycle markers
Cyclin A
Cyclin D1
Serum biomarkers
Leukocyte telomere length
Selenoprotein P

clinically validated prognostic tool such as an effective
biomarker to aid in defining risk.
The Early Detection Research Network has recom
mended five phases of study before a biomarker can
[138]
be used clinically . Phase 1 is exploratory to identify
markers, phase 2 is for the development of a clinical
assay, phase 3 is for retrospective validation, phase
4 is for prospective validation and phase 5 is to test
the biomarker on the population with the disease.
At present, most biomarkers are in phase 3 and 4.
Preclinical studies have been successful in detecting
certain biomarkers which contribute to the malignant
progression of Barrett’s oesophagus but their wide
spread clinical use is very limited by differences in
reproducibility, low sample sizes and the need for
[139-141]
multi-centre prospective studies
. Table 4 is a
[137,142]
summary of the biomarkers studied to date
.
Overall, the desire to predict which Barrett’s
oesophagus patients will progress to oesophageal
adenocarcinoma is palpable but remains a target and
not a reality. The ideal biomarker as with all potential
screening options should be cost-effective, minimally
invasive, easily administered and have comparable
or superior outcomes to what biopsies currently offer.
More work is necessary to ensure that successful
biomarkers are smoothly translated into widespread
clinical practice.

oesophagus and oesophageal adenocarcinoma from
[143]
controls as they had different urinary signatures
.
This suggests that urinary metabolomics and other
may have a future role in the pursuit of a non-invasive
screening option for Barrett’s oesophagus.

Virtual biopsies

Studies have worked on trying to differentiate
squamous and columnar epithelia based on their
electrical characteristics using electrical impedance
[144]
via a probe
. The aim is to reduce discrepancy
from inter- and intra-observer variability by having an
objective measurement to categorise the epithelium.
Magnification endoscopy provides an even more
detailed image by optically enlarging the mucosal
surface area and studies found that low and high grade
dysplasia were consistently identified in Barrett’s using
this technique but missed using standard endoscopy
[145]
alone
. Confocal laser endomicroscopy (CLE) is
a novel technique combining standard white light
[146]
endoscopy with confocal laser microendoscopy . CLE
has demonstrated a high diagnostic value for digestive
[147-151]
diseases including Barrett’s oesophagus
.

CONCLUSION
Progress has been made in further understanding
Barrett’s oesophagus since it was first described in
1950. It is a large and increasing health problem
with multiple modifiable risk factors, yet there
remain several unanswered questions regarding a
formal definition, diagnostic criteria, and screening
and surveillance needs and methods. Although
endoscopy with systematic biopsy and standard
pathological examination is currently the mainstay of
screening and surveillance for Barrett’s oesophagus,

Metabolomics

Metabolomics is the scientific study of the set of
metabolites present within an organism, cell, or
tissue and they could play a role in the discovery for
a biomarker in Barrett’s oesophagus as they are key
players in biological systems which are disrupted in
[143]
disease . A study using urinary metabolomics found
that it was possible to separately distinguish Barrett’s
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there is still the need for a more cost-effective, less
invasive, less cumbersome and more reliable way
to conduct diagnosis, screening and surveillance.
Primary prevention of Barrett’s oesophagus and adeno
carcinoma is also of huge interest and potential with
studies focussing on the medical treatment of reflux,
chemoprevention and anti-reflux surgery.
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Abstract
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Inflammatory bowel disease (IBD) is a chronic
recurrent condition whose etiology is unknown, and
it includes ulcerative colitis, Crohn’s disease, and
microscopic colitis. These three diseases differ in clinical
manifestations, courses, and prognoses. IBD reduces
the patients’ quality of life and is an economic burden
to both the patients and society. Interactions between
the gastrointestinal (GI) neuroendocrine peptides/
amines (NEPA) and the immune system are believed
to play an important role in the pathophysiology of
IBD. Moreover, the interaction between GI NEPA and
intestinal microbiota appears to play also a pivotal role
in the pathophysiology of IBD. This review summarizes
the available data on GI NEPA in IBD, and speculates
on their possible role in the pathophysiology and the
potential use of this information when developing
treatments. GI NEPA serotonin, the neuropeptide Y
family, and substance P are proinflammatory, while
the chromogranin/secretogranin family, vasoactive
intestinal peptide, somatostatin, and ghrelin are antiinflammatory. Several innate and adaptive immune
cells express these NEPA and/or have receptors to
them. The GI NEPA are affected in patients with IBD
and in animal models of human IBD. The GI NEPA
are potentially useful for the diagnosis and follow-up
of the activity of IBD, and are candidate targets for
treatments of this disease.
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lower in Asia than in North America and Europe
,
[19,21]
but it has been increasing worldwide in recent years
.
[9]
The etiology of IBD is not completely understood ,
[1-4,22-31]
and the available treatments are not ideal
.
Typically 70%-80% of the body IC are present in the
GI tract in close proximity to the GI neuroendocrine
[32,33]
regulatory system (NES)
. Interactions between
the GI neuroendocrine peptides/amines (NEPA) and
the immune system have recently been discussed, and
it is believed that these interactions play an important
[33-45]
part in the pathophysiology of IBD
. Understanding
the role of the GI NEPA in IBD would increase our
understanding of the mechanisms underlying the
pathophysiology of IBD, and may yield tools for
treating these conditions using agonists or antagonists
[43]
to the GI NEPA .
The aim of the present review was to summarize
the available data on GI NEA in IBD and to speculate
on their possible role in the underlying pathophysiology,
and the potential utilization of these peptides/amines in
treatments.

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Approximately 80% of the body immune cells
(IC) are localized in the gastrointestinal (GI) tract close
to the GI neuroendocrine regulatory system (NES).
Many IC express GI neuroendocrine peptides/amines
(NEPA) and possess receptors to several NEPA. Several
GI NEPA are abnormal during active inflammatory
bowel disease (IBD) in both patients and animal models
of IBD. The changes in the GI NEPA are correlated
with those of the IC during the inflammatory process.
Studying the interactions between the GI NES and the
immune system in IBD may improve our understanding
of the pathophysiology of IBD and provide us with new
tools for treatment.
El-Salhy M, Solomon T, Hausken T, Gilja OH, Hatlebakk JG.
Gastrointestinal neuroendocrine peptides/amines in inflammatory
bowel disease. World J Gastroenterol 2017; 23(28): 5068-5085
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GI NES
The NES comprises two parts: the GI endocrine cells
in the mucosa and the enteric nervous system (ENS)
(Figure 1). The GI endocrine cells occur in all segments
[46,47]
of the GI tract except for the esophagus
. These
cells lie between the mucosal epithelial cells facing
the GI lumen, and they comprise about 1% of all epi
thelial cells and produce a large number of hormonal
[48-56]
peptides/amines
. The GI endocrine cells are
divided into at least 15 different types depending on
[48,49]
the hormone they produce
. Two hormones can
be colocalized in the same type of endocrine cell, such
as glucagon-like peptide-1 and glucose-stimulated
insulinotropic peptide in the small intestine, and
peptide YY (PYY) and oxyntomodulin (enteroglucagon)
[57-60]
in the distal small and large intestines
. It has been
shown recently that mature GI endocrine cells can
[51,52,61-64]
express up to seven different hormones
.
The GI endocrine cells have specialized sensory
microvilli that project into the lumen, and they respond
to luminal stimuli (mostly nutrients and/or bacteria
byproducts) by releasing their hormones into the
[32,42,65-85]
lamina propria
. The cells also possess a basal
cytoplasmic process about 70 µm long that is believed
[86-90]
to be involved in their paracrine mode of action
.
It has been shown recently that this process exhibits
neuronal axon-like characteristics, and it has been
[88,91-93]
named a neuropod
. The GI endocrine cells also
exhibit synaptic vesicles and synthetize presynaptic
proteins: synapsin 1, piccolo, bassoon, MUNC13B,
[88,91-93]
RIMS2, latrophilin, and transsynaptic neurexin
.
These cells also synthetize transsynaptic neuroligins 2
[93]
and 3, homer 3, and postsynaptic density 95 . Thus,
the GI endocrine cells possess the elements necessary
[93]
for both afferent and efferent synaptic transmission .

INTRODUCTION
Inflammatory bowel disease (IBD) is a lifelong
recurrent disorder that comprises three diseases:
ulcerative colitis (UC), Crohn’s disease (CD), and
microscopic colitis (MC). These three diseases
have different clinical manifestations, courses, and
[1-3]
prognoses
. Whereas the onset of UC and CD
occurs mostly at a young age, MC onset occurs in
[4,5]
old age . In UC and CD, the activity of the disease
varies considerably between patients, from frequent
relapses, persistent active disease, to several years of
[4]
complete remission , whereas all MC patients exhibit
[6-8]
chronic active disease . The inflammation in CD is
transmural, in UC it is superficial, and in MC it is in
the form of the mucosal and submucosal infiltration
of immune cells (IC). CD can arise at any part of the
gastrointestinal (GI) tract, while UC and MC affect
[8,9]
the recto-colonic mucosa . In contrast to UC and
CD, spontaneous symptomatic remission occurs in
[10,11]
59%-93% of MC patients
.
IBD diminishes the quality of life considerably and
represents an economic problem to both the patients
[4,9]
themselves and society . The prevalence of IBD
amounts to 1.4 million patients in North America and
2.2 million patients in Europe, with 3-20 new cases
[12-16]
occurring per 100000 persons annually
. The
prevalence of IBD does not differ among Hispanics,
[17,18]
blacks, and Caucasians
. The incidence of IBD is
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Figure 1 Schematic of the gastrointestinal neuroendocrine regulatory system. The neuroendocrine regulatory system (NES) comprises gastrointestinal (GI)
endocrine cells in the mucosa and the enteric nervous system (ENS). The ENS consists of two plexi: one located in the submucosa (the submucosa plexus) and one
situated between the longitudinal and circular muscle layers (the myenteric plexus). The GI endocrine cells integrate and interact with each other and with the ENS.
The GI NES is an independent system that regulates most of the GI functions and is modulated by the central nervous system.
Lumen

3

2
1

system of a common ancestor of invertebrates and
vertebrates and then moved during a later stage of
[98]
evolution into the gut as endocrine cells .
The ENS is an independent nervous system within
the GI tract that consists of two plexi: one located
in the submucosa (the submucosa plexus) and one
situated between the longitudinal and circular muscle
[102-104]
layers (the myenteric plexus)
. The neurons of
the ENS (about 100 million) are modulated by afferent
and efferent nerve fibers from the CNS and the
[102-104]
autonomic nervous system
. The GI endocrine
cells integrate and interact with each other and the
[105]
ENS .
The NES regulates GI motility, secretion, absorption,
visceral sensitivity, local immune defense, cell proli
[105]
feration, and appetite .

Endocrine cell

Neurons

Figure 2 Gastrointestinal endocrine cells have sensory microvilli
projecting into the gastrointestinal lumen that register and respond to
luminal stimuli by releasing their hormones into the lamina propria. The
released hormones exert their effects via three modes of action: (1) entering
the circulating blood and reaching distant targets (endocrine mode); (2) acting
locally on nearby structures (paracrine mode); or (3) via synaptic activity.
Reproduced from reference 46 with permission from the authors and the
publisher.

These data suggest that the GI hormones released in
the lamina propria could act locally on close by cells
or neurons (paracrine mode), through the circulating
blood (endocrine mode), or by afferent and efferent
[94-97]
synaptic transmission
(Figure 2).
Recent observations of GI endocrine cells exhibiting
both endocrine and neuron-like characteristics support
a long-standing hypothesis about the evolution of the
[98]
GI NES . The absence of mammalian GI hormonal
peptides in the gut of invertebrates, and he occurrence
of these peptides in the central nervous system
[99-101]
(CNS)
resulted in the hypothesis that the GI
endocrine cells of vertebrates initiated in the nervous
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INTERACTION BETWEEN THE GI NES
AND INTESTINAL MICROBIOTA
It has long been believed that IBD is caused bacterial
infection, and this belief lead to the introduction of
salazopyrine (5-aminosalicylic acid-sulfapyridine) for
[106,107]
the treat of IBD
. However, A specific microbe(s)
[106]
could not be identified as the cause of IBD . Recent
studies have shown, however, that intestinal microbiota
plays an important role in the pathophysiology of
[106]
IBD
. Thus, low intestinal microbiome diversity
and dysbiosis appear to be important factors in the
[106]
pathophysiology of IBD
. The short-chain fatty
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acids produced upon fermentation of dietary fibers
in the large intestine affect both the immune system
and the NES. Butyrate is one of these short-chain
[108,109]
fatty acids
. Butyrate suppresses large intestinal
inflammation by inducing T-cell apoptosis, and by
[110-112]
suppressing IFN-γ-mediated inflammation
. The
short-chain fatty acids affect several GI peptides,
[80,113-115]
such as PYY and glucagon-like peptide-1
.
Furthermore butyrate has been found to affect neurons
[113,116]
of the ENS
.

endocrine cells, and IC, and it occurs in almost all
[140]
body organs
. In GI tract, VIP occurs in endocrine
[141,142]
cells and neurons of the ENS
. VIP is believed
to be a major immune-regulating neuropeptide that
plays an important role in inflammatory disorders,
and is considered to be a natural anti-inflammatory
[142,143]
agent
.
Both CD4 and CD8T cells produce VIP, especially
[144,145]
following antigen stimulation
. The VIP receptor
VPAC1 occurs in lymphocytes, macrophages, monocytes,
[146,147]
dendritic cells, microglia, and mast cells
. VIP
inhibits the production of proinflammatory cytokines
such as tumor necrosis factor α (TNFα), IL-6, IL-12,
iNOS, and promotes the production anti-inflammatory
[148-153]
cytokines such as IL-10
. VIP also inhibits the
transcription factors AP-1, nuclear factor-κB (NFκB),
[142,147,153,154]
CREB, and IRF-1
, and impairs the acquisition
of the macrophage proinflammatory polarization
[155]
profile .

INTERACTIONS BETWEEN THE GI NES
AND THE IMMUNE SYSTEM
Several NEPA of the GI NES have been shown to
interact with the immune system, including members
of the chromogranin/secretogranin family, serotonin,
vasoactive intestinal peptide (VIP), members of the
neuropeptide Y (NPY) family, substance P, somatostatin,
and ghrelin.

NPY family

The NPY family includes three neuroendocrine peptides
that act as hormones and/or neurotransmitters/
neuromodulators: NPY, PYY, and pancreatic polypeptide
[156-160]
(PP)
. These peptides consists of 36-amino-acid
[161]
residues and are structurally related . Whereas NPY
[158,159,162]
is expressed in neurons of the CNS and NES
,
PYY and PP are expressed by endocrine cells of the
[163-165]
ileum, colon, and rectum
. PP occurs also in
[160]
endocrine cells in pancreatic islets of Langerhans
.
[105,161,165]
NPY and PYY exert similar biological effects
,
and they act through binding to receptors Y1 and
[166-169]
Y2
. T lymphocytes, macrophages, and dendritic
[170]
cells produce NPY during inflammation
. NPY Y1/Y2
[171,172]
receptors are localized on IC
, and the binding
of NPY to these receptors induces the release of
proinflammatory cytokines and nitric oxide from
[171,173]
macrophages, neutrophils, and lymphocytes
.
NPY therefore exerts proinflammatory effects in the
presence of an inflammatory process. The role of PYY
and PP in inflammation is not yet known.

Chromogranin/secretogranin family

All of the GI endocrine cell types produce members
of the granins family (including chromogranins A and
B) that are co-stored and co-released from the GI
[34,117-120]
endocrine cells
. Chromogranin A (CgA) occurs
[121-124]
in all GI tract endocrine cell types
. CgA-derived
peptides decrease interleukin (IL)-16 and IL-5 release,
and hence decrease the density of lymphocytes at
inflammatory sites and thus the proinflammatory
[125-127]
action of lymphocytes and monocytes
. Members
of the chromogranin/secretogranin family are believed
to exert anti-inflammatory effects.

Serotonin

About 95% of the body serotonin occurs in the GI,
of which only 10% occurs in the neurons of the
[34,128]
ENS and the rest in the enterochromaffin cells
.
Serotonin is believed to play a pivotal role in intestinal
[34,38,40,125,129,130]
inflammation
. Mast cells, macrophages/
monocytes, and T cells are capable of producing
[131]
serotonin
. Serotonin receptors occur in numerous
innate IC such as neutrophils, eosinophils, monocytes,
macrophages, dendritic cell, mast cells, and natural killer
(NK) cells, and in cells of the adaptive immune system
[130-132]
such as lymphocytes
. Serotonin promotes the
activation of lymphocytes, whose proliferation protects
NK cells and T-helper cells, hinders the apoptosis of
[133-137]
IC, and endorses the recruitment of T cells
.
The number of intestinal serotonin cells is decreased
[125]
in knockout mice lacking T-lymphocyte receptors
.
[138]
Serotonin cells express IL-13 receptors
. Against
this background, serotonin is considered to be a proin
flammatory amine during the inflammatory process.

Substance P

Substance P is a member of the tachykinin family
and substance P nerve fibers are widely distributed
in the GI wall. Substance P is localized in enteric
[174-176]
efferent neurons
and is expressed by several
IC including T cells, macrophages, dendritic cells,
[177-182]
and eosinophil cells
. It also plays an important
role in the migration of innate IC such as neutrophils
and macrophages, and of adaptive IC such as T
[183-190]
lymphocytes
. Furthermore, substance P regulates
the proliferation of lymphocytes and modulates the
[179,183,191]
activities of innate and adaptive IC
. Substance
P is therefore considered to be one of the main proin
flammatory mediators in the GI tract.

VIP

Somatostatin

VIP is a 28-amino-acid peptide exhibiting structural
[139]
similarities with secretin . VIP is secreted by neurons,
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Figure 3 Colonic chromogranin A immunoreactive cells in a control subject (A) and in a patient with lymphocytic colitis (B).
[192,193]

and in animal models of human UC and CD, with the
exception of trinitrobenzene sulfonic acid (TNBS)[9,117,244-248]
induced colitis
(Figure 3). The administration
of the proinflammatory cytokines INFγ and TNFα and
the induction of colitis by dextran sodium sulfate (DSS)
in mice were found to increase the number of CgA
[249]
cells .

somatostatin
. About 90% of GI somatostatin
is localized in GI endocrine cells, and the remaining
[194]
10% is in neurons of the ENS
. Somatostatin
binds to five membrane G-protein-coupled receptor
[195]
subtypes (SSTR 1-5) . Several innate and adaptive
IC such as monocytes/macrophages, B lymphocytes,
T lymphocytes, and dendritic cells expressed these
[195-204]
receptors
. Somatostatin stimulates B-lymphoblast
proliferation with the enhancement of immunoglobulin
[205]
formation , inhibits T lymphocytes and granulocyte
proliferation, and reduces proinflammatory cytokines
[194,196,206-213]
such as IFN-g
. Somatostatin is considered
[37,214,215]
to be an anti-inflammatory peptide
.

Serotonin: The density of colonic serotonin cells is
elevated in patients with UC, CD, and lymphocytic
[117,250]
colitis
(Figure 4). The serotonin cell density
was also increased in an animal model of human UC
(TNBS-induced colitis in rats) and in an animal model
of human CD (DSS-induced colitis in rats), as well as
in other animal models of human UC and CD, and in
[230,244,245,251,252]
IL-2-knockout mice
.

Ghrelin

Ghrelin is a peptide composed of 28-amino-acid that
occurs mostly in X/A endocrine cells in the oxyntic
[42,50,216-221]
mucosa of the stomach
. Ghrelin performs
several functions, including controlling food intake,
[217,218,221-224]
energy homeostasis, and GI motility
.
It also mediates the immune response and infla
[146,225-227]
mmation
. The anti-inflammatory prosperities
of ghrelin are due to it modulating the secretion of proand anti-inflammatory cytokines from LPS-stimulated
[225]
macrophages .

Changes in the ENS in IBD such as an increase in the
number of enteric neurons, and altered neurotransmitter
[228-237]
synthesis and release have been described
.
Similarly, the density of the GI endocrine cells, the
proportions of different endocrine cell types, and the
release of GI NEPA are affected in both IBD patients
and animal models of human IBD.

VIP: Studies of VIP in patients with IBD have pro
duced conflicting results. The immunohistochemical
examination and quantification of tissue extracts from
rectal biopsy samples obtained from patients with UC
and CD showed an increased number of VIP-positive
nerve fibers and an increased VIP concentration in CD
[253]
but not in UC . Other studies found that the number
of VIP-positive nerve fibers was either decreased or
[245,254,255]
unchanged in patients with UC and CD
. These
contradictory results for VIP in patients with IBD could
be explained by VIP occurring mostly in neurons of the
ENS and that analyzing VIP in small mucosal biopsy
specimens obtained during an endoscopic examination
does not produce reliable results. However, changes in
VIP have been found in animal models of human IBD,
[251]
especially knockout mice
. In IL-2 gene-knockout
mice, the relative volume density of VIP-positive nerve
fibers and the level of VIP in tissue extracts were both
[251]
decreased .

Chromogranin/secretogranin family: The
circulating level of CgA is elevated in IBD patients and
is reduced following treatment with certain biological
[56,238-241]
agents
. Patients with IBD exhibit elevated
[242,243]
concentrations of fecal CgA and secretogranins
.
The CgA cell density is increased in patients with IBD,

NPY family: The density of NPY enteric neurons
increased as well as hyperplasia of NPY nerve fibers
have been observed in mice with colitis induced
either by DSS or streptomycin-pretreated Salmonella
[256,257]
typhimurium
. The PYY cell density is increased
in patients with UC and lymphocytic colitis as well

NES NEPA IN IBD
NES abnormalities in IBD
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Figure 4 Colonic serotonin cells in a control subject (A) and in a patient with lymphocytic colitis (B).
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Figure 5 Colonic somatostatin immunoreactive cells in a control rat (A) and in a rat with dextran sulfate sodium-induced colitis (B).

as in colitis induced by DSS in rats and in IL-2 gene[117,245,250,251]
knockout mice
. The PYY cell density is
decreased in CD, with this change being correlated
[117]
positively with the increased disease severity
.
Similarly, the density of PYY cells was reduced in an
animal model of human CD, namely TNBS-induced
[244]
colitis in rats
. The robust positive correlation
between the PYY cells and IC found in colitis induced
either by DSS, or TNBS in rats is suggestive of an
[244,245]
interaction between PYY cells and the IC
. It
is noteworthy that PYY and oxyntomodulin (entero
glucagon) are produced from the same endocrine cell
[57]
(L cells) . Whereas the density of oxyntomodulincontaining cells is increased in patients with CD and
in both DSS- and TNBS-induced colitis, and in IL-2
gene-knockout mice, it is unchanged in patients with
[118,244,251,258]
UC
. The PP cell density is decreased in
patients with CD and in colitis induced by either DSS,
[117,245,248]
or TNBS in rats
.

patients. The concentration of substance P in the colon
of IL-2-knockout mice is decreased, while substance-P[251]
immunoreactive cells were unchanged .
Somatostatin: The number of somatostatin cells
is decreased in the colon of patients with IBD, and
in animal models of human IBD, except for TNBS[245,263-265]
induced colitis where it is increased
(Figure 5).
Ghrelin: The circulating levels of ghrelin are elevated
[266,267]
in patients with IBD with active inflammation
.
Moreover, circulating ghrelin levels in UC and CD
patients are correlated with TNFα, C-reactive protein,
the erythrocyte sedimentation rate, and fibrinogen,
and negatively correlated with nutritional status
[42,228,268,269]
parameters
.

Possible mechanisms underlying NES abnormalities in
IBD

The mechanisms underlying the changes in ENS
during inflammation in IBD remain unclear. However,
recent studies have shed some light on the possible
mechanisms of the inflammation-induced changes in
[258,270]
the GI endocrine cells in IBD
.
Whereas changes in GI endocrine cells do occur
in UC, CD, lymphocytic colitis, and animal models
of human IBD, the nature of these changes differ
between the different IBDs and animal models

Substance P: The levels of substance P are increased
in tissue extracts from the colon and in the rectum of
patients with UC and CD, and were correlated with
[253,259-261]
disease activity
. The density of nerve fibers
immunoreactive to substance P is decreased in the
[262]
colon of UC patients
. The density of substance-Pimmunoreactive fibers has been reported to be both
[253,262]
[262]
increased
and unchanged
in the colon of CD
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unaffected. Math-1 occurs early progenitor in the
-⁄secretory lineage, and mutant (Math-1 ) mice have no
[285]
secretory cells .
The colonic neurogenin 3 (Neurog3) cell density
is reduced in rats with TNBS-induced colitis, while it
[259,270]
is increased in rats with DSS-induced colitis
.
Neurog3 is localized in an early progenitor belonging
to the secretory lineage, which contributes to the
[286]
differentiation into endocrine cells
. Transgenic
-⁄mice (Neurog3 ) do not have enteroendocrine cells,
[286-288]
but normal densities of goblet and Paneth cells
.
Similar to Neurog3, the colonic NeuroD1 cell density
is decreased in rats with TNBS-induced colitis while
[269,282]
it is increased in rats with DSS-induced colitis
.
NeuroD1 is located in progenitors originated from
[289,290]
Neurog3 progenitors
. Mice deficient in NeuroD1
[53,291]
lacks certain types of enteroendocrine cells
.
These findings show that the differentiation progeny
toward endocrine cells is affected in animal models of
human IBD.

Inflammation

Stem cell

Differentiation
progeny

Clonogenic
activity

Endocrine cells

Switching the expression of NEPA on and off:
As mentioned above, mature GI endocrine cells can
[51,52,61-64]
express up to seven different hormones
.
It seems that the changes in the proportion of GI
endocrine cells during inflammation occur via switching
off the synthesis of a neuroendocrine peptide/amine
[270]
and switching on the synthesis of another
. Such
a phenomenon has been reported in rats with TNBSinduced colitis (Figure 8).

Endocrine cells

Figure 6 Proinflammatory substances such as cytokines may act on the
intestinal stem cells and increase their clonogenic and differentiation
progeny so that the density of intestinal endocrine cells increases during
active inflammation.
[9,117,244-248,250,259]

of human IBD
. The changes in GI
endocrine cells can be explained by two different
mechanisms: abnormal stem cell clonogenic and
differentiation progeny toward endocrine cells activities
(Figure 6), and switching on and off of the expression
of certain GI NEPA (Figure 7).

Hypothesis: It may be speculated that during the
inflammation that occurs in active IBD, the IC produce
proinflammatory cytokines and other substances that
affect the GI stem cells and mature endocrine cells.
This will induce abnormal clonogenic and differentiation
activities of stem cells. Moreover, the mature endocrine
cells switch off the expression of a certain hormone
in favor of switching on the synthesis of another
hormone. This would result in changes in the total
density of endocrine cells and in the proportion of
different endocrine cell types. NPA produced by the
altered endocrine cells would in return affect the IC via
their NPA receptors (Figure 9).

Abnormal stem cell clonogenic and diffe
rentiation activities: Each intestinal crypt contains
four to six stem cells that either divide into identical
new stem cells (clonogenic) or differentiate into
all types of epithelial cells through a series of
[270-281]
progenitors
. This differentiation into epithelial
cells includes the secretory and absorptive lineages.
The secretory lineage gives rise to endocrine, goblet,
and Paneth cells. The absorptive lineage results to
[270-281]
absorptive enterocytes
. In rats with TNBSinduced colitis, which is an animal model of human
CD, the colonic density of Musashi-1 (Musi-1)
[258]
immunoreactive cells was found to be reduced
.
In contrast, the colonic density of Musi-1 cells was
unaffected in rats with DSS-induced colitis, which is
[268]
an animal model of human UC . Musi-1 is located in
[282-284]
both intestinal stem cells and early progenitors
.
These observations indicate that the clonogenic
activity of stem cells is affected in an animal model of
CD but not in one of UC. This is probably due to the
inflammation associated with CD being deep while that
associated with UC being superficial.
In rats with both TNBS- and DSS-induced colitis,
the colonic Math-1 cell density was found to be
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CLINICAL IMPLICATIONS
The changes in the intestinal NES associated with
inflammation in IBD patients are believed to be useful
tools for the diagnosis and follow-up of disease activity.
Furthermore, the GI NEA could be candidate targets of
IBD treatments. Thus, agonists to anti-inflammatory
NEPA and antagonists to proinflammatory NEPA can be
used not only for their pharmacological effects but also
to correct a pre-existing imbalance in GI NEPA caused
by inflammation.

Diagnosis

The colonic CgA cell density has been shown to be a
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Inflammation

Switch off

Hormone

Switch on

Hormone

Enteroendocrine cells

Enteroendocrine cells

Figure 7 During the inflammatory process, several proinflammatory substances may act on the mature endocrine cells so that they switch off the
expression of a certain neuroendocrine peptides/amines and switch on the expression of another neuroendocrine peptides/amines.
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Figure 8 Colonic densities of (A) peptide YY-positive cells and (B) oxyntomodulin (enteroglucagon)-positive cells in control rats, in rats with
trinitrobenzene sulfonic acid (TNBS)-induced colitis, and in rats with TNBS-induced colitis treated with 3-[(dodecylthiocarbonyl)-methyl]-glutarimide
(DTCM-G, an activator protein-1 inhibitor) and dehydroxymethylepoxyquinomicin (DHMEQ, a nuclear factor-κB inhibitor). Densities of PYY-positive and
oxyntomodulin-positive cells in each rat of the TNBS group (C), and their correlation (D). eP < 0.001 vs controls. Reproduced from reference 274 with permission from
the authors and the publisher. PYY: Peptide YY.
[301]

good biomarker for diagnosing lymphocytic colitis, with
[9]
a high sensitivity and specificity . The blood and fecal
levels of CgA and secretogranins have been proposed
for the diagnosis and follow-up of the disease activity
[56,238-243]
in IBD
.

be determined .
VIP is believed to be a potential agent for treating
IBD since it targets both the innate and adaptive
immune responses and inhibits the secretion of
numerous proinflammatory cytokines via its actions
[142]
on AP-1 and NFκB
. Administering VIP reduced
[142]
inflammation in TNBS-induced colitis in mice
,
and it has been used successfully in the clinic as an
inhalator for treating pulmonary hypertension and
[142]
sarcoidosis . However, delivering VIP is problematic
since it is degraded rapidly in the blood circulation
(with a half-life of only 1-2 min) and systemic admini
stration causes both cardiovascular and intestinal side
[140,302,303]
effects
.
NPY occupies a key position during the infla
mmatory process in IBD, and NPY antagonists
could be potentially useful in treatments for the
[43]
inflammation in IBD . This suggestion is supported
by observations made in animal models of UC, namely
[303,304]
DSS-induced colitis in rats
. Treatment with NPY

Treatment

Treatment with CgA-derived peptides of mice with
DSS-induced colitis decreases the disease activity
index, macroscopic and histology scores, and the
[34]
colonic levels of IL-1β, IL-6, and TNFα .
Antagonists of serotonin receptors 5-HTR3 and
5-HTR7 such as tropisetron, granisetron, ondanse
tron, ramosetron, and SB-269970 have shown anti
inflammatory effects in animal models of human
[292-300]
IBD
. These serotonin receptor antagonists act
via reducing the ynthesis of proinflammatory cytokines
IL-1, IL-6, and TNFα. The usefulness of selective
inhibition of mucosal serotonin by these receptor
antagonists in the clinical treatment of IBD remains to
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NEPA. The enteroendocrine cells and the neurons of
the ENS are abnormal during the inflammation that
occurs in IBD. The changes in these two compartments
of the GI NES are strongly correlated with the changes
in IC in active IBD. These observations indicate the
presence of interactions between GI NEPA and the
immune system in active IBD. These interactions
seem to play a significant role in the pathophysiology
of IBD. The changes in the GI NEPA during active IBD
occur in proinflammatory GI NEPA such as serotonin,
members of the NPY family, and substance P, and in
anti-inflammatory GI NEPA such as members of the
chromogranin/secretogranin family, VIP, somatostatin,
and ghrelin. Antagonists to the proinflammatory GI
NEPA and agonists to the anti-inflammatory GI NEPA
could therefore be useful tools for treating IBD.

Immune cells

Proinflammatory cytokines

Mature
endocrine
cell

Stem
cell

REFERENCES

Altered endocrine cells

1

Figure 9 Schematic of the possible mechanisms underlying the changes
in gastrointestinal endocrine cells in inflammatory bowel disease. In active
inflammatory bowel disease, the immune cells (IC) produce proinflammatory
cytokines and other substances that affect the gastrointestinal (GI) stem cells
and mature endocrine cells. Thus, abnormal clonogenic and differentiation
activities are induced in stem cells. Moreover, the mature endocrine cells switch
off the expression of certain hormones in favor of switching on the synthesis of
other hormones. This would change the GI endocrine cell density and alter the
proportions of the various endocrine cell types. The NPA released by the altered
endocrine cells would in return affect the IC via their NPA receptors.

2
3
4

antisense oligodeoxy-nucleotides in colitis induced
by DSS in rats reduced the inflammation as well the
[304]
concentration of NPY, TNFα, p-Akt, and asp-NFκB
.
The NPY Y1 receptor is involved in several biological
[302-305]
functions
, and so using an NPY Y2 receptor
antagonist is preferable in future clinical implications in
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REVIEW

Colorectal cancer screening: An updated review of the
available options
Iyad A Issa, Malak Noureddine
cancer incidence and mortality is declining over the
past decade owing to adoption of effective screening
programs. Nevertheless, in some parts of the world,
CRC incidence and mortality remain on the rise, likely
due to factors including “westernized” diet, lifestyle,
and lack of health-care infrastructure and resources.
Participation and adherence to different national
screening programs remain obstacles limiting the
achievement of screening goals. Different modalities
are available ranging from stool based tests to radiology
and endoscopy with varying sensitivity and specificity.
However, the availability of these tests is limited to
areas with high economic resources. Recently, FDA
®
approved a blood-based test (Epi procolon ) for CRC
screening. This blood based test may serve to increase
the participation and adherence rates. Hence, leading
to increase in colon cancer detection and prevention.
This article will discuss various CRC screening tests
with a particular focus on the data regarding the
new approved blood test. Finally, we will propose an
algorithm for a simple cost-effective CRC screening
program.
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Core tip: Multiple societies have published screening
guidelines concerning colorectal cancer (CRC) screening.
Despite that, global participation can be challenging due
to wide variability in the availability of screening tools,
especially the newer resources. Additionally, patient
friendly approach, improving patient uptake, adherence,
and compliance to attain national CRC screening goals
are still lacking. Regardless of the screening approaches
utilized, it is necessary to demonstrate high sensitivity
for detection of advanced neoplasia and CRC, as well
as high specificity for costeffectiveness. Furthermore,

Abstract
Colorectal cancer (CRC) is a significant cause of
morbidity and mortality worldwide. However, colon
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DNA, MT-sDNA, Cologuard ). Those tests are based on
the concept of detecting blood or shredded cell debris
[6]
by vascularized polyps, adenomas and cancers .
The radiologic examinations include double contrast
barium enema, capsule endoscopy and Computed
tomographic colonography (CTC). Their role revolves
around radiographic visualization and identification
of an advanced colonic polyp or cancer in addition to
the possibility of detection of extra-colonic findings (by
®
CTC). The newly emerged blood test (Epi procolon ) is a
qualitative in vitro diagnostic polymerase chain reaction
(PCR) test for the detection of mutated methylated
septin9 DNA in EDTA plasma derived from patient
whole blood specimens. Methylated SEPT9 has been
[7]
associated with the occurrence of CRC .
Invasive tests include the flexible sigmoidoscopy
(FS) and colonoscopy which offer direct visualization
and detection of a colonic polyp or advanced neoplasia
with the advantage of getting a pathology specimen.
In real life, colonoscopy has been introduced as a
primary screening tool in a number of countries in
recent years including United States, Germany, Poland,
Austria, and parts of Italy. gFOBT is still being used in
France, Finland, and the United Kingdom. Netherlands
and many other European countries have shifted from
gFOBT to FIT. Sigmoidoscopy remains a screening
option in the United Kingdom. In United States all the
available screening methods are still being offered.

they must have broad acceptability to the general
population, healthcare providers, and third-party
payers. Hence, achieving most of the screening value
that is derived from cancer prevention over cancer
detection. Recently, a very appealing blood test was
FDA approved for screening, this modality certainly
carries significant appeal, but how does it fare when we
compare to the rest of tests? This is the question we
aim to answer through this review.
Issa IA, Noureddine M. Colorectal cancer screening: An updated
review of the available options. World J Gastroenterol 2017;
23(28): 5086-5096 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i28/5086.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i28.5086

INTRODUCTION
Colorectal cancer (CRC) is the third most common
cancer in men and the second most common cancer in
[1]
women worldwide with 1.36 million people affected
[2]
globally, accounting for nearly 10% of cancers . It
remains the second leading cause of cancer in the
[1,3]
United States and worldwide
. Due to its slow
progression from detectable precancerous lesions and
to the much better prognosis of patients diagnosed
at early stages, the potential for reducing the burden
of the disease by early detection is significant. While
screening has noticeably been shown to reduce the
[4]
risk of CRC associated mortality , its effectiveness
is jeopardized by a multitude of factors including the
limitations of test performance, lack of accessibility,
and suboptimal screening compliance. Consequently,
resulting in a marked variation in CRC incidence and
[1,5]
mortality globally
. The newly approved blood
screening test overcomes most of the above mentioned
factors, this may lead to better participation rates.
This article will discuss various CRC screening tests
particularly the new blood based test. Moreover, we
will debate the different CRC risk assessment scores,
and screening programs participation and adherence
rates, as well as the issue of total cost. Furthermore,
we will propose a potential screening algorithm that
might attain a high rate of population participation and
adherence, especially in lower income countries.

SCREENING GUIDELINES
In the United States, the two main principle guidelines
for CRC screening are: (1) joint guidelines from
the American Cancer Society, the United States
MultiSociety Task Force on Colorectal Cancer, and the
[8]
American College of Radiology ; and (2) the United
States Preventive Services Task Force guidelines which
[9]
have been updated recently . Other organizations
have issued their own guidelines as well, such as
[10]
the American College of Gastroenterology , the
[11]
American College of Physicians , and the National
[12]
Comprehensive Cancer Network . Table 1 summarizes
the latest recommendations from these different sets of
guidelines for average-risk individuals. It is noteworthy
that almost all the guidelines are coherent in terms of
their recommendations, with the exception of barium
enema being dropped for reasons of low sensitivity of
[13]
only 48% . Additionally, the frequency of stool DNA
analysis is controversial, as such a test is rather new.
Nonetheless, all the remaining screening options are
well endorsed by all the societies as potential screening
methods.

SCREENING TESTS
The ideal screening study should be efficient with high
sensitivity and specificity, safe, available, convenient,
and cheap. Current CRC screening methods are divided
into invasive and non-invasive tests.
The non-invasive tests include stool and bloodbased tests and radiologic tests. The stool-based tests
currently available are the guaiac-based fecal occult
blood test (gFOBT), fecal immunochemical test (FIT),
and the newer fecal DNA testing (Multitarget stool
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CRC SCREENING HISTORY, INCIDENCE,
AND MORTALITY
In the 1980’s and 1990’s, most screening methods put
in use were FOBT and sigmoidoscopy. However, since
the year 2000, most CRC screening in the United States
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Table 1 Updated guidelines of the various societies regarding colorectal cancer screening

Sigmoidoscopy (yr)
Colonoscopy (yr)
CT colonography (yr)
Ba enema (yr)
Stool eFOBT (yr)
Stool FIT (yr)
Stool MT-sDNA (yr)

ACG (2009)

ACP (2015)

NCCN (2015)

USPSTF (2016)

ACS (2016)

Q 5-10
Q 10
Q5
N/A
Q1
Q1
N/A

Q5
Q 10
N/A
N/A
Q1
Q1
N/A

Q5
Q 10
N/A
Q5
Q1
Q1
N/A

Q 5 or Q 10 + stl
Q 10
Q5
N/A
Q1
Q1
Q 1-3

Q5
Q 10
Q5
Q5
Q1
Q1
Q3

FIT: Fecal immunochemical test; CT: Computed tomography.
[16-20]

shifted towards colonoscopy, even though its effects on
reducing CRC incidence and mortality has never been
proven in a solid randomized controlled trail. Therefore,
the evident question would be: has it been effective?
Data from a recent study examining the incidence
of CRC in males and females established a drop in
both incidence and mortality from CRC in both genders
concomitant with the beginning of the screening
[3]
programs . In addition to that, over a 20-year period
(SEER data 1991-2011), the United States colorectal
cancer incidence (all races and genders confounded)
has declined from 59.5 cases to 39.3 cases per 100000
(35% reduction) with a corresponding mortality
reduction over the same time period from 24.0 to 15.1
[14]
deaths per 100000 (37% reduction) . Moreover, in
the National Polyp Study (NPS), CRC was prevented
by colonoscopic removal of adenomatous polyps. They
evaluated the long-term effect of polypectomy in a
study on mortality from CRC. Among 2602 patients
who had adenomas removed during participation,
after a median of 15.8 years, 1246 patients had died
from any cause and 12 had died from CRC. Given
an estimated 25.4 expected deaths from CRC in the
general population (SEER cohort), the standardized
incidence-based mortality ratio was 0.47 (95%CI:
0.26-0.80) with colonoscopic polypectomy, suggesting
[15]
a 53% reduction in mortality . Although the NPS
does not address the effectiveness of screening
colonoscopy in the general population, their findings
provide an indirect estimate of the effect of removing
adenomas, which is the primary interventional measure
in screening colonoscopy. These findings support the
hypothesis that colonoscopic removal of adenomatous
polyps prevents death from CRC.

requires full bowel preparation and sedation
.
Moreover, despite it being readily available, it is not
considered cheap or easily affordable to the general
population, hence rendering its application difficult
[21-24]
on mass screening basis
. Multiple case-control
and prospective cohort studies have estimated cancer
mortality to be 68% to 88% lower among persons who
undergo screening colonoscopy than among those who
[18,24-26]
do not
. A meta-analysis of observational studies
showed that despite a 68% lower overall mortality,
limited benefit from colonoscopy was seen with respect
[17]
to cancer in the proximal colon . Another study
showed that there was a 29% reduction in overall CRC
mortality, a 47% reduction in mortality from distal CRC,
and no reduction in mortality from proximal CRC. This
study concluded that colonoscopy significantly reduces
mortality from CRC, but the benefit is not uniform
[22]
across different areas of the colon . This discrepancy
may be due to several factors affecting the quality
[27-31]
of the act itself
(i.e., incomplete colonoscopy,
training level and experience of the gastroenterologist,
inadequate bowel preparation, or technical difficulties
with polyp removal in the proximal colon) or possibly
differences in the biologic characteristics of proximal
[32]
and distal colorectal cancers . To address these issues
thoroughly, data from large controlled randomized
trails are still lacking but are currently under way.
The Colonoscopy vs Fecal Immunochemical Test in
Reducing Mortality from Colorectal Cancer (CONFIRM)
trial (ClinicalTrials.gov number, NCT01239082) is a
randomized comparison of one-time colonoscopy
with annual FIT plus colonoscopy as follow-up to a
positive test, to examine CRC incidence and mortality
over 10 years. A similar trial comparing colonoscopy
with FIT is being conducted in Spain (COLONPREV)
[33]
trail (ClinicalTrials.gov number, NCT00906997) .
Two additional European studies are comparing
screening colonoscopy with no screening [the NordicEuropean Initiative on Colorectal Cancer (NordICC)]
[34,35]
trial (ClinicalTrials.gov number, NCT00883792)
or
with FIT or no screening [Screening of Swedish Colons
(SCREESCO), NCT02078804] with respect to mortality
from CRC.
Sigmoidoscopy offers limited bowel preparation
compared to colonoscopy. In addition, several rando
mized controlled trials have shown that screening with
FS, followed by colonoscopy if precancerous polyps

SCREENING OPTIONS
FS and colonoscopy

Colonoscopy is considered to be the gold standard
tool of screening with a high sensitivity and specificity.
This test affords the opportunity to detect and resect
neoplasia and precancerous lesions across the entire
large bowel and is the definitive examination when
other screening tests are positive. It is relatively
safe with recent data suggesting a less than 1/1000
perforation rate most often due to a polypectomy rather
than the act itself. On the other hand, colonoscopy
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[36,37]

are detected, reduces CRC mortality
. Analysis
from several large, randomized, controlled trials
have confirmed the efficacy of one-time and periodic
(every 3 to 5 years) sigmoidoscopy, with a 26% to
31% lower mortality from CRC among patients who
underwent FS screening than among those who
[17,38-41]
underwent no screening
. However, the benefit
of sigmoidoscopy is limited to cancer in the distal colon
(rectum, sigmoid, and descending colon), for which
[17]
the reduction in mortality was reported to be 46% .
Many programs have abandoned this strategy in favor
of colonoscopy for better prevention results.

gastrointestinal globin is degraded readily by digestive
proteolytic enzymes. The FIT sampling technique is
simple and easy to collect with fewer fecal samples
required compared to FOBT. Trials have shown that
FIT has a greater sensitivity for detecting advanced
adenomas and CRC than both standard and sensitive
[53-57]
gFOBT
. More recent systematic review and metaanalysis including 19 qualified studies showed an
overall accuracy of FIT for detection of CRC of 95%
with a cumulative respective 79% sensitivity and 94%
[58]
specificity . Moreover, data for its protective effect
can already be extrapolated from several screening
programs. For instance, an organized biennial single
FIT screening program in Florence where 6961 were
screened with an average follow-up period of 11 years
[59]
have shown a 22% reduction in CRC incidence .
One of the disadvantages of FIT is its low sensitivity
[57]
for detecting colon polyps . Additionally, many types
of tests are available, the measures of accuracy vary
greatly between tests within a technology as well as
between technologies and according to how the test
is applied (e.g., sample number) and the various
[60-62]
confusing cutoff levels
.

gFOBT

gFOBT detects the presence of blood in feces through
a chemical reaction dependent upon the peroxidase
activity of heme. It is an inexpensive, simple, and
widely available test. A landmark study that eva
luated the fecal occultblood test randomized 46551
participants 50 to 80 years of age to screening for CRC
on once a year basis, every two years, or to a control
group. They concluded that annual fecal occult-blood
testing with rehydration of the samples decreased the
[42]
13-year cumulative mortality from CRC by 33% .
Another randomized study compared mortality rates
after FOB tests every 2 years during a 10-year period
with those of unscreened similar controls. They found
that after 10 years of follow-up, screening by FOB
every 2 years (Hemoccult-II without rehydration)
led to a reduction of 18% in CRC mortality. This was
independent of sex and age, in individuals aged 45-75
[43,44]
years
. In the Minnesota Colon Cancer Control
Study a 30-year follow-up of patients randomly
assigned to annual/or biennial gFOBT vs usual care
showed a 32% decrease in CRC mortality. Incidentally
mortality reduction was more pronounced in men
[45]
compared to women . Several other randomized,
controlled trials have shown lower mortality from CRC
[46-49]
with this strategy compared to no screening
.
However, this test requires a moderate quantity of
heme to effect a visible change in color and thus is not
[6]
analytically very sensitive to the presence of blood .
Once-only test sensitivity for cancer may approximate
[50]
50%
although many other studies indicate it is
[51]
lower . The method relies on simple oxidation, and
therefore, any dietary peroxidases, such as heme from
myoglobin in red meat, peroxidase in plants, etc., or
any antioxidant, such as vitamin C, have the potential
to confound the result. The gFOBT is therefore an
inherently non-specific test with a very low PPV of
[8,52]
3%-10%
. Consequently, a test showing higher
statistical results was urgently needed.

CTC

CTC or virtual colonoscopy is a rapid radiographic noninvasive imaging test that requires no sedation with
[63-65]
lower procedural risks compared to colonoscopy
.
In addition to that, it carries the advantage of extra
[66-69]
colonic evaluation
. In a recent comparative metaanalysis the estimated pooled sensitivity and specificity
per patient for polyps detection in asymptomatic
screened patients were 66.8% and 80.3% respectively
for CT colonography, and 92.5% and 73.2% res
pectively for colonoscopy. Analysis according to size
showed that both studies have similar sensitivity
for large polyps but evident lower CTC sensitivity
for polyps < 8 mm. Regarding overall detection
of CRC, the pooled sensitivity of CT colonography
(96%) was not statistically significant from that of
[70]
colonoscopy (91%) . However, CTC is not a very
pleasant study since the patient must take the same
preparation as for colonoscopy in addition to the same
discomfort during procedure insufflation. Moreover,
contrast allergy, radiation exposure, and the need
for colonoscopy if positive findings are considered
[71]
additional disadvantages of CTC . Perforation risk
is an existing drawback, although to a lesser degree
[72]
than colonoscopy . To note that, published data
from randomized studies evaluating the impact of
CT colonography on CRC incidence and mortality are
lacking.

Stool DNA testing

FIT

WJG|www.wjgnet.com
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In August 2014, Cologuard became the first multitarget stool DNA approved by the FDA for general CRC
[73]
screening . Stool DNA test targets molecular debris in
stool including abnormal DNA present in malignancies
such as mutant KRA, actin, FIT, aberrantly methylated

FIT is considered to be a newer version of the guaiac
based FOBT. It is an antibody to human globin that
does not cross react with dietary meats. Therefore,
no need to avoid foods with peroxidase activity. FIT
carefully measures the colonic blood since upper
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BMP3, and NDRG4 promoter regions. One multicenter
®
study on nearly 10000 patients comparing Cologuard
to FIT using colonoscopy as the gold standard showed
that the fecal DNA test had a higher sensitivity than
FIT for detecting CRC (92% vs 74%). Unfortunately,
®
Cologuard detected fewer than half of all large
advanced adenomas (42%), limiting its preventive
role. Fecal DNA test had lower specificity at 87%-90%
[74]
compared to FIT (95%-96%) . Moreover, a new
elegant study from Stanford university used a Markov
model of average-risk CRC screening to compare
the effectiveness and cost effectiveness of screening
with the MT-sDNA test vs FIT or colonoscopy. They
found FIT and colonoscopy to be more effective and
less costly than the MT-sDNA test when participation
rates were equal for all strategies. For the MT-sDNA
test to be cost effective, the patient support program
included in its cost would need to achieve substantially
higher participation rates than those for FIT, whether
in organized programs or under the opportunistic
screening setting that is more common in the United
[75]
States . Additionally, the screening interval differs
between FIT and MT-sDNA, which makes a comparison
of the effectiveness of any programed screening
difficult.

prospective multi-center study, compared with FIT,
Sept9 testing showed similar sensitivity (68% vs
73%) but markedly decreased specificity (97% vs
81%). While the overall sensitivity for CRC detection
of Septin9 may be superior to gFOBT, it is non-inferior
[85]
®
to that of FIT . However, relative to Cologuard , the
®
Epi proColon test appears to be less sensitive for both
CRC and advanced adenomas in actual practice, but
[86]
with a higher specificity for cancer .
Nonetheless, evidence suggests that some patients
who are reluctant to undergo the usual screening would
be receptive to a blood test. An observational study
showed that 97% of subjects refusing colonoscopy
accepted a non-invasive screening test, of these 83%
chose a blood test. This demonstrates that offering
non-invasive test options might significantly increase
[87]
compliance and screening participation . A cost-utility
analysis comparing SEPT9, FOBT, FIT, sigmoidoscopy,
and colonoscopy suggested that while the use of
SEPT9 appeared cost-effective for screening compared
to no screening, to be cost-effective relative to other
established methods SEPT9 or any other blood-based
biomarker with similar test performance characteristics
would need to achieve substantially higher uptake and
[88]
adherence rates than the alternatives .
Moreover, SEPT9 blood testing raises concerns
for potential abuse leading to inadequate screening,
a similar drawback is seen with the prostate specific
antigen for prostate cancer. Lastly, much like the other
non-invasive tests a second intervention is needed if
[89]
the test was positive .

Methylated SEPT9

Septins are a group of scaffolding proteins that
[76]
provide structural support during cell division .
Individual septins exist in stable six-to eight-subunit
core heteromers, and the octamer contains two
molecules of each of SEPT2, SEPT6, SEPT7, and SEPT9
[77]
subunits . It was suggested that SEPT9 occupies
a terminal position in the complex and plays a key
role in subunit polymerization and the whole octamer
[78]
stabilization . It is also critical for the final separation
[79]
of daughter cells during cytokinesis . Therefore,
cytokinesis may be seriously affected if abnormal
SEPT9 or no SEPT9 is expressed, and this could be a
key factor in CRC carcinogenesis when the promoter
region of the SEPT9 gene is hypermethylated and the
[80]
transcription is compromised . Hypermethylated
Septin9 DNA can be found in the tumor DNA that has
been shed into the bloodstream from all intestinal
[81]
®
anatomical sites . Epi proColon (also referred to as
the mSEPT9 assay) became FDA approved for CRC
screening in April 2016, it is the first blood test used
for this goal. The mSEPT9 assay relies on qualitative
detection by Real-Time PCR of the methylated Septin 9
gene that is present in increased levels in patients with
[82,83]
colon cancer
(figure 1). In initial retrospective
case-control studies, the mSEPT9 test showed a
great promise, with a sensitivity of about 70% and
[81,82]
specificity of 90% for CRC detection
. A subsequent
prospective trial in an asymptomatic screening cohort
reported lower rates of sensitivity (48%) and specificity
(92%) for CRC. However, this sensitivity decreased to
35% for stage I CRC and 11% for advanced adenomas
[84]
almost totally eliminating its preventive role . In a

WJG|www.wjgnet.com

CRC SCREENING PROGRAM ATTRIBUTES
Stratifying the population by colon cancer risk offers
the potential to improve the efficiency of screening
and helps establishing a screening program. A quick
review of the literature reveals more than 50 proposed
risk scores for colon cancer that have the potential to
identify individuals at high risk. A recent systematic
review that examined all the available risk scores,
showed that the discrimination of the models, compare
favorably with risk models used for other cancers,
and several include only variables recorded in routine
medical records. Grouping risk models according to
type and number of variables included also showed
that there is no clear improvement in discrimination
as increasing numbers of variables are added from
self-completed questionnaires to routine data. A
small number of risk models developed from casecontrol studies of genetic biomarkers showed serious
promise but still require further external validation in
population-based samples. This review also showed
that risk models exist, with the potential to stratify
the general population into risk categories, and allow
screening and preventive strategies to be targeted at
those most likely to benefit, while leaving those at low
risk of disease unexposed to direct and indirect side
effects of screening programs. This might improve the
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Figure 1 SEPT9 gene. Septins: Multifunctional “scaffolding” proteins that provide structural support during cytokinesis. SEPT9 gene produces septin-9 that appears
to act as a tumor suppressor which is active in cells throughout body. In CRC cells: SEPT9 gene is hypermethylated and the DNA is released into peripheral blood.
Methylated SEPT9 DNA can be detected by PCR 34.
[88]

cost-effectiveness of CRC screening and would address
concerns about demand and capacity for colonoscopy.
The use of risk prediction models would also potentially
increase acceptance of screening and provide an
opportunity to give information to encourage lifestyle
[90]
modification . The two most commonly used and
validated scores are the Cleveland Clinic test and the
NCI test; which are both self-completed questionnaire
and can provide a suggested 10-year risk assessment.
A prospective examination of the relationship between
predicted 10-year CRC risk and the prevalence of
advanced neoplasia (AN), defined as advanced or
multiple (≥ 3 adenomatous, ≥ 5 serrated) adenomas
or sessile serrated polyps, in individuals undergoing
screening colonoscopy was studied in 509 screeners.
AN was found in 11%. The prevalence of AN increased
progressively from 6% in the lowest risk-score quintile
to 17% in the highest risk-score quintile (P = 0.002).
The discriminatory accuracy of the tool was modest,
[91]
with AUC of 0.61 overall (95%CI: 0.54-0.69) .
Despite the various modalities offered for CRC
screening, it is still underused by populations.
Screening rates have not increased appreciably since
[92]
2010 and remain at approximately 60% . Several
complex factors play a role in affecting the patients
participation and sustained adherence. Barriers
to screening include elevated cost, lack of proper
education regarding CRC, under appreciation of the
benefit of screening, a sense of fatalism, or simply fear
[93,94]
of the screening tests
. Several interventions used
in randomized, controlled trials have been shown to
increase patient participation rates; such interventions
include sending patients invitations from their primary
care provider, sending reminder letters, making
telephone calls, and mailing fecal occult blood test kits
to patients’ homes.

WJG|www.wjgnet.com

Ladabaum et al
suggested through an elaborate
markov model reproduction that at comparable
screening participation rates among different strategies,
FIT or screening colonoscopy are likely to be more
effective and less costly than MT-sDNA. They concluded
that in comparison to an organized screening program
of yearly FIT, a program of MT-sDNA testing every
3 years could be cost-effective if this program could
accomplish a steady participation rate of approximately
[82]
66% . Several National screening programs that
examined patterns of CRC screening using gFOBT and
FIT concluded that there is 20%-29% rate of nonresponders and after 3 or 4 cycles there is an additional
[95-98]
drop out of up to 30%
. For instance in an annual
FIT screening program in California there was a 48%
initial participation with a 75% adherence after 4
[99]
cycles . Analysis from those programs also indicate
a strong sex and socioeconomic inequalities in CRC
screening uptake. Repeated invitations to screening
successfully engage previous non-responders. Many
respond to at least one screening invitation over
multiple rounds with a considerably smaller number
of persons responding consistently to all invitations.
Therefore, efforts to increase (continued) engage
ment among these “at-risk” groups are essential to
optimize the long-term benefit of organized screening
[95]
programs .
Total patient support, which can include navigation,
has emerged as an important component of many
CRC screening efforts. The most successful programs
use patient navigators to reduce logistic barriers,
address cultural issues, and encourage participants to
undergo screening. Moreover, patient support costs in
the CDC and Prevention’s Colorectal Cancer Screening
Demonstration Program averaged $153 per person
[100]
over approximately 1 year
. The use of patient

5091

July 28, 2017|Volume 23|Issue 28|

Issa IA et al . CRC screening strategies
preparation is considered a crucial step in any CRC
screening program. Patient compliance with various
bowel preparation procedures remains one of the
most difficult tasks to achieve before a colonoscopy.
Failure to complete the preparation has several draw
backs in terms of decreased cecal intubation rates,
increased rates of missing important lesions, and
prolonged colonoscopy duration further increasing
[27-30]
[110]
patient discomfort
. Tepeš et al
evaluated the
effectiveness of bowel cleansing with magnesium
sulphate and low-volume polyethylene glycol with
electrolytes in addition to the effect of timing of the
colonoscopy. They found excellent bowel cleansing
in 82.61% participants and in more participants
with young age with colonoscopy performed in the
[110]
afternoon .
One of the National CRC screening programs was
conducted in Slovenia with promising results. They
used the FIT test with a positive result being followed
by colonoscopy. Assessment of the first round showed
an adherence rate of 56.9%. The overall adenoma
detection rate was 51.3%. CRC was found in 6.2% of
participants who underwent colonoscopy. A localized
clinical stage was found in 70.2% of cases. Cancer
was cured in 22.8% of CRC patients with endoscopic
[111]
resection only .
Figure 2 illustrates a proposed cost-effective
algorithm for a screening program for low-resources
countries using the NCT CRC screening risk score.

Patients > 50 yr

NCI risk assessment

Adenoma risk < 10%

Adenoma risk > 10%

Non-invasive test

Invasive test

Stool test (FIT)

Positive

Colonoscopy

Figure 2 Proposed algorithm for a cost-effective screening program. FIT:
Fecal immunochemical test.

navigators is especially important in underserved
[101,102]
populations
. It is estimated to be likely cost[103-106]
effective and increase people’s adherence
.
The National Colorectal Cancer Round table has
established a goal of 80% adherence to CRC screening
programs by the year 2018. Kaiser Permanente has
implemented a comprehensive strategy focused on FIT
screening, with colonoscopy performed as follow-up
to a positive test. They have reached and maintained
the goal of 80% adherence rate through four rounds
[99]
of screening . Adherence to screening tests varies
among strategies, and preference of strategy varies
by race and ethnic group; data have shown that white
participants more commonly prefer colonoscopy, and
[93,107]
non-white participants tend to prefer fecal testing
.
To achieve the highest level of adherence to CRC
screening, it may be best to provide participants a
choice, because the “best” strategy is the one that
they will adhere to consistently.
Maximizing the benefit of CRC screening requires
a programmatic approach to implementing screening
strategies. The quality of a screening program should
be measured by its ability to identify patients who
are due for screening, provide access to screening,
assess adherence to the screening test and to a followup colonoscopy if a non-invasive screening test is
positive. It also needs to document test outcomes and
disseminate accurate follow-up recommendations,
identify patients with a negative test to follow them
up for repeat screening at the appropriate intervals,
and provide timely surgery for cancers. The rate
of adenoma detection (the percentage of patients
in whom precancerous polyps are detected during
screening colonoscopy) differs substantially among
endoscopists and may be used as a measure of the
[108]
ability of screening to prevent CRC . A retrospective
study showed that for every 1% increase in the rate
of adenoma detection, there is a 3% decrease in the
[109]
rate of cancer developing after a colonoscopy . One
important factor to increase the adenoma detection
rate is the adequate bowel cleansing. Therefore, bowel
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CONCLUSION
A multitude of options currently exist for CRC screening.
A quick review reveals wide variability between
programs all over the world. Additionally, one should
not forget that most screening, especially in low income
countries, is still performed on opportunistic basis with
no solid structure. CRC screening must be optimized
to reach the golden target of reducing incidence of the
disease and eventually mortality. Most importantly
we need to achieve high rates of participation and
adherence in different screening programs by seeking
correction of all the confounding factors. Benefiting
from all the available screening tools in the correct
settings of each population will increase the compliance
of different populations. Consistent with this goal,
adoption of cost-effective non-invasive methodologies
designed to reduce complications, reduce anxiety over
CRC screening, and improve overall acceptance of the
screening process would be highly desirable.
Despite the current limitations and caveats, blood
based markers may have a solid future. Screening
with a relatively inexpensive serum or plasma marker
(or marker panel) could increase screening compliance
and be cost-saving if participation and performance
were both elevated. Such a marker has the potential
to replace more cumbersome stool based test in
programs that employ a 2-stage paradigm. All the
initial enthusiasm raised by the new blood marker
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have now faded as the rather disappointing results
from the prospective trials were published. At this
point due to the significant variability in sensitivity and
specificity between various trials, it is very difficult
to recommend it for mass screening. Other potential
options include the noninvasive stool tests and in that
regard the FIT seems to still be the most appropriate
due to the present prohibitive cost of the multi-strain
stool DNA test and the lack of significant difference
in their performance. Colonoscopy is still the most
appropriate test in high risk individuals or as second
procedure following a positive first test.
Future studies should not only focus on the sta
tistical performance of different tests but also on the
characterization of complete screening programs,
from the invitation to screening to the completion of
colonoscopy for patients with a positive test.
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Abstract
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The inflammatory process plays a central role in the
development and progression of numerous patho
logical situations, such as inflammatory bowel disease
(IBD), autoimmune and neurodegenerative diseases,
metabolic syndrome, and cardiovascular disorders. ibds
involve inflammation of the gastrointestinal area and
mainly comprise Crohn’s disease (CD) and ulcerative
colitis (UC). Both pathological situations usually involve
recurring or bloody diarrhea, pain, fatigue and weight
loss. There is at present no pharmacological cure for
CD or UC. However, surgery may be curative for UC
patients. The prescribed treatment aims to ameliorate
the symptoms and prevent and/or delay new painful
episodes. Flavonoid compounds are a large family
of hydroxylated polyphenolic molecules abundant in
plants, including vegetables and fruits which are the
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of the produced mediators, mainly cytokines, are able
to activate signaling by nuclear factor-kappa B (NFκB), a transcription factor which also mediates the
[5-7]
inflammatory response .
IBDs include a group of pathologies characterized
by chronic and uncontrolled inflammation associated
with deregulation of both adaptive and innate immunity
[8,9]
that affects the gastrointestinal tract . The bowel
inflammation results in symptoms, such as abdominal
[8,9]
pain, bleeding, recurrent diarrhea and weight loss .
The two main pathologies are Crohn’s disease (CD)
and ulcerative colitis (UC). CD can affect any area of
the gastrointestinal tract, from the mouth to the anus,
although the ileum is the most affected section. In
contrast, UC primarily affects the colon and the rectum.
The exact cause of IBD is not fully known, although
there is an interaction between diverse factors, such as
an immune system disturbance, genetic predisposition,
and environmental factors, which activates the
damaging immune response in the intestines. Today,
there is no effective pharmacological treatment that
allows for cure of the disease. Medical therapy is
focused on non-specific immunosuppressive therapies,
[10,11]
including thiopurines and methotrexate
. The
occurrence and prevalence of IBDs are progressively
growing in all areas around the world, suggesting its
[12]
appearance as a global disease in the near future .
The term flavonoid derives from the Latin word
“flavus”, meaning yellow, and comprises a group
of secondary metabolic compounds widely found
in plants well known for the distinctive blue, red,
and purple anthocyanin pigments of their different
structures. Although they are not stated as nutrients
and regardless of their physiological functions
in plants, flavonoids are key ingredients of the
[13]
human diet . Based on epidemiological studies,
diets rich in flavonoids are in direct correlation with
increased longevity and decreased cardiovascular
disease incidence, despite consuming diets with
[14-17]
high fat content
. Many biological effects have
been attributed to the flavonoids, in addition to their
antioxidant properties, some of which include anti-infla
mmatory, antimicrobial, vasodilatory, anti-ischemia and
[16,18-20]
anticancer effects
.
Recently, owing to their significant antioxidant
and free radical scavenging properties observed in
vitro, interest towards investigating new possible
health benefits has significantly increased. In
fact, flavonoids are of great nutritional value in in
flammatory diseases because they can block many
pro-inflammatory proteins and can be considered
natural inhibitors of inflammation, ameliorating
[21]
the intensity of inflammation . In addition to the
direct antioxidant activity, flavonoids are capable of
activating diverse antioxidant and protective genes
via nuclear transcription factors and also of inhibiting
[22]
inflammatory pathways . Flavonoids influence the
composition of the microbial flora, favoring the growth

major dietary sources of these compounds for humans,
together with wine and tea. Flavonoids are becoming
very popular because they have many health-promoting
and disease-preventive effects. Most interest has been
directed towards the antioxidant activity of flavonoids,
evidencing a remarkable free-radical scavenging
capacity. However, accumulating evidence suggests
that flavonoids have many other biological properties,
including anti-inflammatory, antiviral, anticancer, and
neuroprotective activities through different mechanisms
of action. The present review analyzes the available
data about the different types of flavonoids and their
potential effectiveness as adjuvant therapy of ibds.
Key words: Antioxidant; Inflammation; Gastrointestinal
tract; Flavonoids; Polyphenols
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Inflammatory bowel diseases (ibds)
involve inflammation of the gastrointestinal tract and
primarily comprise Crohn's disease and ulcerative
colitis. Currently, there is no cure for most of the ibds.
Emerging evidence suggests that flavonoids have many
biological and pharmacological properties, including
anti-inflammatory, antiviral, anticancer, and neuro
protective activities through different mechanisms
of action. The present review critically analyzes the
current experimental evidence on the therapeutic
potential of flavonoids in IBD.
Salaritabar A, Darvishi B, Hadjiakhoondi F, Manayi A,
Sureda A, Nabavi SF, Fitzpatrick LR, Nabavi SM, Bishayee
A. Therapeutic potential of flavonoids in inflammatory bowel
disease: A comprehensive review. World J Gastroenterol 2017;
23(28): 5097-5114 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i28/5097.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i28.5097

INTRODUCTION
Inflammation is a protective and complex process
consisting of a set of molecular, cellular and vascular
defensive responses against any injury, including
chemical, physical, or biological attacks, and focused
[1]
on restoring tissue function . Inflammatory diseases
comprise a group of illnesses characterized by a
[2]
long-term pro-inflammatory state . A large number
of pathologies are considered as inflammatory
diseases, such as autoimmune and cardiovascular
disorders, chronic obstructive pulmonary diseases,
neurodegenerative diseases, and chronic inflammatory
bowel disease (IBD). This inflammatory response
is associated with changes in vascular permeability,
increases in blood flow, leukocyte mobilization and rise
[3,4]
in the production of inflammatory mediators . Some
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of flavonols have suggested that the hydrophilic
structure of quercitrin and rutin is the main cause of
their poor absorption. Present in colon, glycosylated
flavonols are cleaved by colon microflora forming the
[36-38]
aglycon shape of these compounds
. Therefore, it
is suggested that quercitrin and rutin can act as prodrugs of quercetin, preserving the aglycon moiety
from absorption and assuring an intact nature in
the colon and ability to reach where it will be further
[34,39,40]
hydrolyzed and yield quercetin
. It seems that
colon-specific drug delivery systems are a necessary
strategy to preserve quercetin from degradation and
absorption through the gastrointestinal tract and to
[41]
increase its availability. Castangia et al demonstrated
that chitosan/nutriose-coated vesicles represent a
promising strategy to improve quercetin concentration
[30]
in the colon. Additionally, Guazelli et al
depicted
that quercetin-encapsulated microcapsules are more
effective in pharmacological animal models of colitis
compared to intact quercetin.
In a study performed on acetic acid-induced colitis
in mice, treatment with quercetin (100 mg/kg) loaded
pectin/casein polymer microcapsules significantly
prevented the depletion of glutathione (GSH) reservoirs
in the colon. Although the results did not evidence
significant statistical differences between treatment
and control groups, at least a significant tendency for
[30]
preserving GSH reservoirs was observed . According
[42,43]
to Dodda et al
administration of quercetin (50 and
100 mg/kg, intra-rectal) in tri-nitrobenzene sulfonic acid
(TNBS)- and (50 and 100 mg/kg, p.o.) in acetic acidinduced colitis rat models resulted in a considerable
elevation in the GSH levels when compared with the
control group. A main limitation of these two studies
is the use of high concentrations of quercetin that
cannot be achieved with a normal diet. With regard to
quercitrin, the oral administration of 1 and 5 mg/kg at
2 h before TNBS-induced colitis in rats thwarted GSH
[44]
depletion . Also, in two separate studies, Sánchez
[44]
[45]
de Medina et al
and Cruz et al
showed that oral
pretreatment of rats with 1 and 5 mg/kg quercitrin and
5, 10 and 25 mg/kg of rutin increased GSH levels in
both acute and chronic phase of TNBS-induced colitis.
Other mechanisms for ameliorating flavonols
effects on pharmacological models of colitis include
the suppression of nitric oxide (NO) production and/
or inducible nitric oxide synthase (iNOS) expression.
[46]
Camuesco et al
proposed that the histological and
biochemical anti-inflammatory effects of quercitrin
might be related to a decrease in iNOS expression
through down-regulation of NF-κB in colonic tissue.
They also demonstrated that oral administration of
quercitrin (1 and 5 mg/kg) significantly reduced the
iNOS expression, contributing to the inhibition of
iNOS activity. This outcome had been supported by
subsequent studies.
A down-regulation of the inflammatory response of
macrophages derived from bone marrow, inhibition of

OH
O
a. Flavonol
+

O

d. Anthocyanin

O

O e. Flavone

Figure 1 Chemical structures of the backbones of flavonoids.

of bifidum and lactobacilli bacteria and stimulating an
[23-26]
anti-inflammatory environment
.
As described earlier, since the precise etiology of
IBD has not been identified clearly yet and no specific
causal treatment has been established thus far, based
on the aforementioned biological effects, flavonoids
may be of great utility in managing IBD. It should be
noted that another review paper broadly covered this
[27]
topic during the past year . In this review, we discuss
the different subclasses of flavonoids and existing data
about their effectiveness in preclinical models of IBD,
which could translate to a future role in human IBD
therapy.

FLAVONOLS
Flavonols are one of the main subclasses of flavonoids,
with the specific 3-hydroxyflavone structural backbone
depicted in Figure 1A. Multiple flavonols have been
extracted from leaves, flowers and the outer part of
plants and their pharmacological effects have been
evaluated through several studies. The most well-known
members of this group of flavonoids are quercetin
(3,3’,4’,5,7-pentahydroxyflavone), rutin (quercetin
[28]
3-rutinoside), morin and kaempferol (Figure 2) .

Quercetin, quercitrin and rutin

Quercetin and its glycosylated derivatives, such as
rutin and quercitrin (quercetin 3-rhamnoside), are the
foremost representatives of flavonols, demonstrating
remarkable effects on attenuation of pharmacological
[29-32]
models of colitis
. Although many in vitro studies
have determined that quercetin is more effective
than its glycosylated derivatives in reducing the
inflammatory response, the majority of in vivo studies
did not observe this same efficacy. In this way, it was
reported that a diet with 0.1% rutin in its composition
supplied during 2 wk, but not quecetin, ameliorated
dextran sulfate sodium (DSS)-induced colitis in a mouse
model via lessening of pro-inflammatory cytokine
[29]
production .
[33]
[34,35]
Poor stomach
and intestinal absorption
of
these compounds are the primary obstacles against
reaching an adequate concentration in colon. Many
studies investigating the gastrointestinal absorption
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[51]

cytokine and NO synthase expression through inhibiting
the NF-κB pathway in the presence of quercetin and
quercitrin (1 mg/kg/d, 15 d) was reported in an
experimental rat model of colitis provoked by DSS.
This study also suggested that the effects of quercitrin
observed in vivo might originate from the release of
[31]
quercetin by intestinal microflora . In two distinct
studies, the in vitro inhibitory effects of quercetin on NO
production were demonstrated in lipopolysaccharide
(LPS)-induced macrophages. In both studies, the
expression of mRNA and protein of NOS was attenuated
in cell cultures and this effect was attributed to
[47,48]
suppression of the NF-κB pathway
.
In another study, a diet containing 0.1% rutin
mitigated the DSS-induced weight loss and improved
colitis histological scores in mice probably through
inhibition of interleukin (IL)-1β and subsequent
[29]
inhibition of the induction of iNOS in enterocytes .
Also, oral administration to rats with TNBS-induced
colitis of rutin (10 mg/kg) for 6 d had significant
ameliorating effects on inflammation of the colon, with
similar effectiveness as sulfasalazine (30 mg/kg), and
[40]
also decreased myeloperoxidase (MPO) activity .
Finally, rutin (28.5 and 57 mg/kg per day by gavage)
also demonstrated anticolitis activity, when examined
[49]
in a mouse T-cell transfer model of IBD .
The main limitation of quercitrin and rutin in
IBD is the fact that the compounds represent only
a small fraction of the flavonoids usually ingested
in the diet, being probably insufficient to exert a
significant pharmacological effect. For that reason,
the development of pharmacological formulations
containing concentrations that can be quantitatively
active and therapeutic is required.

this compound were assessed . The effects of morin
were evaluated in acute and chronic stages of the
TNBS-induced colitis. In the acute model of colitis,
pretreatment with morin (25 mg/kg) significantly
alleviated the intestinal inflammation via inhibition
of colonic leukotriene B4 (LTB4) production and due
[52]
to its antioxidant properties . In the chronic phase
of colitis, the administration of morin (25 mg/kg)
exhibited significant anti-inflammatory effect via
attenuating production of inflammatory mediators,
[53]
such as free radicals, LTB4, NO and IL-1β . Although
the authors confirmed that morin showed inhibitory
effects against colonic NO synthase activity in an in
vitro assay, the specific pathway mediating the antiinflammatory effects has been not investigated. Finally,
the authors stated, similar to quercitrin and rutin, that
the amounts of morin employed in this study were
notably higher than that attained through dietary
consumption.

Kaempferol

Kaempferol is abundant in plants of the genera
Delphinium, Camellia, Berberis, Citrus, Brassica,
[54]
Allium, Malus, etc. , and similar to other flavonoids
[55]
is naturally bond to different sugars . This flavonol
possesses different biological activities, such as
[56-61]
[62,63]
[64-68]
anticancer
, antimicrobial
, antioxidant
, and
[69-71]
anti-inflammatory
. According to Calderón-Montaño
[55]
et al , kaempferol’s anti-inflammatory property is
mostly derived from its ability to inhibit NF-κB, activator
of transcription 1 and activator protein 1 pathways
that regulate a wide spectrum of genes, including
[55,71]
cytokines, growth factors, stress-response proteins
.
Inhibition of these pathways is associated with a
decrease in tumor necrosis factor-alpha (TNF-α) levels,
IL-1β and IL-8 expression, cyclooxygenase-2 (COX-2),
lipoxygenase and iNOS activation and with a reduction
[55]
of cellular levels of reactive oxygen species . Also, Park
[72]
et al
reported that 0.3% kaempferol administered
pre- and post-feeding diminished DSS-induced colitis

Morin

As a flavonols family member, morin is present in
[50]
a variety of fruits, vegetables and beverages .
In several studies, antioxidant, anti-inflammatory,
anticancer, antidiabetic, and cytoprotective effects of
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in mice through down-regulation of TNF-α, IL-6, IL1β, NOS, and COX-2 at the mRNA expression level. In
addition, the compound reduced LTB4, prostaglandin E2
(PGE2) and NO levels and MPO activity. Furthermore, in
the prefer group, kaempferol preserved the goblet cell
function, which was indicated via up-regulation of trefoil
factor family 2 mRNA expression in the distal colon
[72]
mucosa .

inhibitory factor production which in turn downregulated the IL-1β. In addition, FSG can elevate the
level of IL-10 and limit gut permeability in colitis. The
FSG effects have been antagonized by administration
of ER antagonist, proposing that the FSG effects are
[80]
mainly mediated by ER-β .
Activation of the ER pathway is associated with
an increased expression of membrane tight junction
proteins, which can improve the intestinal barrier
integrity, and decreased pro-inflammatory cytokine
release. This anti-inflammatory response can be
mediated by increased release on the anti-inflammatory
IL-10, which in turn inhibits pro-inflammatory cytokine
release. Finally, it is interesting to note that these
evidenced effects took place when using doses of
isoflavones near to the daily ingestion authorized in
humans (1 mg/kg body weight/d).
Similar results were obtained using fermented
Peuraria lobata extract, rich in isoflavones, in
ameliorating the gastrointestinal barrier function in
colitis induced by DSS. A reduction of inflammatory
cytokines’ mRNA expression and recovery of cons
truction and expression of tight junction proteins was
observed in vitro. Additionally, restoration of goblet
cells and improvement of epithelial structure in the
[81]
colonic mucosa was reported in vivo . Also, the
isoflavone rich fraction of soybean extract inhibited
IL-8 production through TNF-α suppression in the
[82]
Caco-2 cell line in a dose-dependent manner . In
this way, IL-8 release induced by hydrogen peroxide or
by IL-1β was not ameliorated when cells were treated
with the extract, indicating the implication of TNF-α.
As mentioned above, genistein is another wellcharacterized aglycon isoflavone. The efficacy of this
compound in experimental IBD models has been
studied in various experiments. Similar to other
isoflavones, genistein can bind to ERs, especially ER-β,
the most abundantly expressed subtype in the gastro
[83]
intestinal tract mimicking estrogenic action . Various
studies have demonstrated that ER ligands possess the
[84,85]
ability to attenuate IBD symptoms
. Inflammationmediated mechanisms have been widely described for
protective effects of genistein.
[86]
In the study performed by Seibel et al
it was
demonstrated that genistein oral administration (100
mg/kg body weight) in TNBS-induced colitis in rats
resulted in a significant reduction in MPO activity and
[83]
COX-2 mRNA expression . The authors hypothesized
that the treatment with genistein can inhibit the

ISOFLAVONES
One of the main subclasses of flavonoids, mostly found
in soybeans, nuts and whole grains are isoflavones.
These naturally occurring compounds are glycoside
conjugates, predominantly malonyl-glycosides, and
have a common backbone of 3-phenylchromen[73]
4-one (Figure 1B) . During different stages of
food processing, including fermentation or hot
water extraction, the glycosidic groups of genistin,
[74]
diadzein and glycitinis (Figure 3) are removed .
After ingestion, intestinal enzymes and/or intestinal
microflora hydrolyze the conjugated isoflavones and
produce more bioactive and bioavailable genistein,
[74,75]
diadzein and glycitein
. Afterwards, these un
conjugated aglycones are either passively absorbed
through the small intestine or metabolized to other
metabolites, such as equol, P-ethyl phenol and dihydroglycitein, consistent with diadzein, genistein and
[76,77]
glycitein, respectively
.
Along with antimicrobial, antioxidant, anti-infla
mmatory and anticancer activities, isoflavones can
also reduce the risk of cardiovascular diseases and
[75]
osteoporosis . Additionally, the structural similarity
of these compounds with estrogens, specifically
17-β estradiol, allows them to act as partial estrogen
[77,78]
receptors (ERs)
.
Some studies have demonstrated that estrogen
receptors, especially ER subtype beta (ER-β), play a key
[79,80]
role in improving the epithelial intestinal barrier
.
[80]
Moussa et al reported that daily treatment with 0.45
mg of fermented soy germ ingredient (FSG), mainly
consisting of isoflavones and Bowman-Birk inhibitors
(BBI, a serine protease inhibitor), significantly
suppressed TNBS-induced colitis in rats via two
different mechanisms. First through ER-signaling of
isoflavones, which is able to reduce inflammatory
cytokines, and second through protease-activated
receptor - mediated pathway ascribed to BBI. In a
recent study, FSG suppressed macrophage migration
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concentration thwarted the overproduction of TNF-α and
[92]
IL-6 in RAW 264.7 macrophages treated with LPS .
The ameliorated inflammatory response seems to be
mediated by inhibition of NF-κβ activation following
AMPK phosphorylation.
Diadzein is another important bioavailable iso
flavone exhibiting protective effects in mice with DSSinduced colitis via suppressing the expression of IL-6,
IL-8, IL-12, p40 and interferon-gamma (INF-γ) and
triggering IL-10 secretion from mesenteric lymph
[93]
node cells . The authors also reported that diadzein
inhibited cytokine production in human monocytic
cell lines after Toll-like receptor (TLR)-2 and TLR-4
stimulation, suggesting that the TLR signaling pathway
[93]
could be a target for isoflavones effects . However, in
contrast, equol, the metabolite of diadzein, perpetuates
colitis in the DSS-induced model via an unknown
[94]
mechanism . The treatment timing could be res
ponsible for the negative results since isoflavones
can potentiate inflammation in acute colitis, as was
mentioned above. In this study, biochemical analysis
was performed on day 5 after initiating the colitis
treatment, whereas most of the studies reporting
beneficial effects lasted more than 14 d since the colitis
induction. This possibility is reinforced by the fact that
[94]
genistein did not improve the severity of colitis .

OCH3
O

HO

OH
O
b. Hesperetin

Figure 4 Chemical structures of different flavanones.

expression of MPO and COX-2 by means of an ERdependent mechanism, inhibiting the activation of
[86]
the NF-κβ signaling pathway. Contrarily, Seibel et al
informed that in uterus and postnatal rats, exposure to
a phytoestrogen-rich diet (including high and low dose
of genistein and daidzein) not only did not protect the
offspring from TNBS-induced colitis but also enhanced
the extent of acute inflammation through increasing
neutrophil infiltration and COX-2 protein expression.
These surprising results may be attributed to the
fact that COX-2 expression is partly repressed by
phytoestrogens in the acute phase of inflammation,
exacerbating colon inflammation. The authors suggest
as a possibility that most of the positive results were
obtained in chronic models of IBD and, consequently,
it may be an initial magnification of the inflammatory
response followed by an enhanced anti-inflammatory
process.
Furthermore, based on another in vitro study,
genistein significantly prevented the xanthine oxidase/
xanthine-induced oxidative stress-mediated alteration
in paracellular junctional protein complexes, such
as tyrosine phosphorylation and their disassembly
from the junctional complex, thereby protecting tight
[87]
junctions from malfunction in Caco-2 cells . Also, the
administration of genistein significantly inhibited the
disruption of tight junction by acetaldehyde through
[88]
deterring tyrosine phosphorylation in Caco-2 cells .
The mechanism of action is related to genistein
activity as tyrosine kinase inhibitor, which is capable
of reducing the tyrosine phosphorylation of functional
proteins and also of protecting against dissociation of
[87,88]
these proteins from the cytoskeleton
. Moreover,
these protective effects of genistein have also been
observed against intestinal tight junction barrier
damage triggered by inflammatory mediators, including
TNF-α and enteric bacteria, such as Escherichia coli,
Proteus mirabilis, Listeria monocytogenes or Salmonella
[89,90]
typhimurium
.
[91]
Sergent et al
revealed an inhibitory effect of
genistein on IL-6 and monocyte chemoattractant
protein-1 (MCP-1) overproduction in a model of inflamed
human intestinal epithelium when investigating the
anti-inflammatory activity of some phenolic molecules.
In the same study, genistein also down-regulated
the levels of NOS and 14 different inflammatory
[91]
genes . In another study, genistein supplied in dietary
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FLAVANONES
Hesperidin and naringin (Figure 4), like other fla
[95]
vonoids found naturally as glycosides , are common
[96]
constituents of citrus fruits ; their skeleton is
represented in Figure 1C. Naringin (naringenin-7O-neohesperidoside) and hesperidin (hesperetin-7rutinoside) are mainly hydrolyzed by the microflora of
the distal part of the small intestine and colon into their
[97]
aglycones, naringenin and hesperetin, respectively .
Various in vivo and in vitro investigations have
evidenced the therapeutic activity of naringin, narin
genin, hesperidin and hesperetin in several pathological
conditions, including cancer, cardiovascular and
[96,98,99]
neurological disorders, and diabetes mellitus
that might be attributed to the anti-inflammatory and
antioxidant effects of these constituents.
[100]
Kumar et al
evaluated the efficacy of naringin
in acetic acid-induced colitis models and reported that
administration of naringin in different concentrations
significantly attenuated inflammatory responses, which
in turn prevented further DNA damage. This study
also demonstrated that the malondialdehyde (MDA),
MPO, NO, xanthine oxidase and alkaline phosphatase
concentrations were significantly decreased after
naringin treatment, with respect to the control group.
Furthermore, this study also reported a reduction
of ulcer lesions by naringin, suggesting a potential
protection of colonic microflora from the corrosive
effect of acetic acid.
Other studies have also demonstrated that
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Figure 5 Chemical structures of several anthocyanins.

naringenin can ameliorate colitis in different animal
models of colitis. In a remarkable study conducted
[101]
by Dou et al , it was demonstrated that naringenin
treatment significantly improved colitis through
down-regulating the mRNA expression of several
proinflammatory mediators, including iNOS, MCP-1,
intercellular adhesion molecule-1, COX-2, IL-6 and
TNF-α. Additionally, they found that the administration
of naringenin significantly inhibited up-regulation
of TLR-4 expression, which in turn reduced proinflammatory cytokines, especially IL-6 and TNF-α.
Moreover, phospho-NF-κB p65 protein levels were
also decreased, correlating with decrease in phosphoIκBα protein concentrations. These data were
consistent with in vitro results obtained by the same
[101]
investigators .
Still other studies have demonstrated the effects of
naringenin in different concentrations on colitis models
via inhibition of INF-γ, macrophage inflammatory
protein 2 (MIP-2), PGE2, NO, IL-6, IL-17A and IL-1β
[102,103]
expression
. Furthermore, naringenin can protect
[102]
the tight junction barrier . Altogether, these results
seem to indicate that targeting of the TLR-4/NF-κB
signaling pathway might be one of the underlying
mechanisms implicated in the protective effects of
naringenin against IBD.
[104]
Xu et al
demonstrated that hesperidin, just
like naringenin, exhibited its beneficiary effects in
DSS-induced colitis via decreasing MDA contents,
MPO activity, and IL-6 expression levels. In addition,
hesperidin reduced iNOS activity and production of
[104]
PGE2 and NO in a mouse macrophage cell line
.
However, based on the present data, the explanation
of the possible mechanism by which hesperidin acts is
difficult to clarify.
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ANTHOCYANINS
As the red pigment of different berries, currants and
grapes, anthocyanins are composed of an antho
cyanidin [malvidin, cyanidin, pelargonidin, petunidin,
delphinidin, etc. (Figure 5)] conjugated with one to
three sugar molecules, including glucose, galactose,
[105]
xylose, arabinose and rhamnose
. In most cases,
anthocyanins absorption is dependent on the structure
of their aglycone moiety. This group of natural
compounds is not regularly metabolized; however,
in acidic media, they become rearranged and more
[106]
stable
. Overall, anthocyanins are only partially
absorbed and have demonstrated limited biological
activity on enterocytes.
Various investigations have been centered on the
antioxidant activity of anthocyanins; however, the
anti-inflammatory effect has also been extensively
[107-109]
observed in other non-intestinal tissues
. Based
on a randomized trial with human participants on
a dietary regimen rich in purple-flesh potatoes,
containing high amounts of anthocyanins, a significant
rise in serum antioxidant parameters levels and
a decrease in pro-inflammatory markers, such as
[110]
IL-6 and C-reactive protein, was reported
. Other
studies have also reported radical scavenging and
anti-inflammatory activities of anthocyanin-containing
natural compounds, including bilberry juice, press cake
[111,112]
and soybean seed
.
The main limitation in studies testing anthocyanins
is the fact that fruit extracts rich in these compounds
were used, but not the isolated compounds themselves.
All these extracts are an excellent source of vitamin
C and other antioxidant compounds, in addition
to anthocyanins such as non-flavonoid condensed
[113]
tannins
. As the composition of these extracts was
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not carried out in those studies, it cannot be specifically
concluded that anthocyanins are solely responsible for
the protective effects against IBD.

scores, causing intestinal inflammation and ileum
[126-128]
mucosal injury
.

Strawberry anthocyanins

Barberry is a member of the Berberidaceae family,
which is full of anthocyanins, with capabilities of
decreasing macroscopic ulcer index and ulcer area,
wet weight/length ratio of colon and infiltration of
[129]
inflammation-inducing cells .

Barberry anthocyanins

Strawberry as a member of the Rosaceae family,
and is a fruit rich in anthocyanin compounds derived
[114,115]
from pelargonidin and cyanidin aglycones
.
The anti-IBD effects of strawberry anthocyanins
have been mostly attributed to the free-radical
scavenging and anti-inflammatory properties of these
[116,117]
compounds
. Based on an in vivo study on acetic
acid-induced colitis in rat, oral or rectal administration
of strawberry significantly decreased the infiltration of
polymorphonuclear cells to the inflammatory site and
[118]
lessened epithelial necrosis and lesions .

Black bean

Phaseolus vulgaris or black bean is another natural
dietary food with high levels of anthocyanins which
can significantly reduce inflammatory processes in IBD
through suppressing the expression of IL-6, IL-9, IL17a and IFN-γ. Furthermore, these compounds can
also decrease IL-1β, IL-17a, TNF-α and IFN-γ serum
levels, contributing to a more effective suppression of
[130]
inflammation in experimental IBD .

Blueberry anthocyanins

As a member of the Ericaceae family, anthocyanins
found in blueberry are derivatives of malvidin,
[119]
delphinidin, cyanidin and petunidin aglycones
.
Anthocyanins present in blueberry mainly decrease
colony number of Clostridium perfringens and
Enterococcus Spp, increase butyric acid concentrations,
reduce the amounts of succinic acid, decrease IL-6,
TNF-α and IFN-γ, increase IL-10 plasma concentrations,
and suppress mucosal congestions and colon wall
[120,121]
thickening
.

FLAVONES
Flavones are an important subclass of flavonoids,
possessing the backbone of phenylchromen-4-one. The
natural compounds present in this subclass, consisting
of apigenin, baicalein, luteolin, diosmin, wogonin
and tangeretin (Figure 6), are mainly found in foods,
medicinal herbs and cereals. Flavones are mainly
found as 7-O-glycososides; however, C-glycosides
(in which the sugar is linked to an aromatic carbon
atom) have also been identified. Nevertheless, despite
presence of these compounds in teas and cereals, few
data exist in regards to the flavone-C-glycosides form
[131]
of these compounds .

Cranberry anthocyanins

Cranberry is another member of the Ericaceae family,
which is full of anthocyanin compounds. Based on a
[122]
study performed by Xiao et al , the administration of
cranberry polyphenols was associated with a reduction
in colon length, MPO activity, disease progression,
infiltration of inflammatory cells and structural damage
to the mucosa in an experimental animal model of
[122]
colitis induced by DSS .

Apigenin

Apigenin, present in chamomile, parsley and celery,
is the main ingredient of wheatgrass juice. It has
been shown to be mostly effective in treatment of
UC. This naturally-occurring compound is believed
to possess both antioxidative and anti-inflammatory
effects, which may be beneficial in the case of IBD
therapy. Furthermore, this natural compound has the
potency to prevent the transactivation induced by
[132,133]
TNF-α
. Of note, apigenin showed efficacy in a
murine DSS colitis model by inhibiting inflammasome
pathways and therefore production of IL-1β and downregulation of iNOS and COX-2, and to reduce serum
[134]
levels of matrix metalloproteinase-3 . However, the
underlying mechanism of action was not investigated
and additional investigations are required in order to
provide the basis for the anti-IBD effects. A randomized
controlled trial on managing UC through administration
of wheatgrass juice demonstrated that although
sigmoidoscopic evaluation did not demonstrate any
significant differences among the treatment and control
group, other symptomatic indicators of disease activity,
[133]
such as rectal bleeding, were significantly improved .

Grape anthocyanins

Belonging to the Vitaceae family, grape is rich in
anthocyanins, with glycoside forms of malvidin,
[123]
delphinidin, petunidin, petonidin and pelargonidin
.
Oral administration of grape juice has been shown to
significantly reduce the concentrations of TNF-α and
iNOS, and COX-2 enzyme activities. Furthermore,
it can reduce peripheral blood genotoxicity and mor
[124]
phological signs of cell damage in colitis .

Bilberry anthocyanins

As an Ericaceae family member, among other berries,
bilberry fruit possesses the highest amounts of
anthocyanins (about 300 to 700 mg/100 g fresh fruit).
The main anthocyanins in this fruit include delphinidin,
[125]
malvidin, cyanidin and petonidin
. The anti-IBD
mechanisms of this fruit have been proposed to
involve suppression of TNF-α, IL-6 and INF-γ secretion,
resulting in colon shortening and decreased histological
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Baicalein

and release from RAW264.7 cells, leading to reduction
in the IL-8 expression in Caco-2 cells.

As the main component of Suctellaria baicalensis,
baicalein is another member of the flavones group,
which is also found in vegetables and fruits. Multiple
beneficial activities, including anti-inflammatory,
antioxidant and anti-allergic responses, have been
reported after administration of this compound in
[135-137]
different disorders
. The plant has also been
shown to be significantly effective against experimental
IBD. Based on results of a study using a murine model
of colitis, investigators found that baicalein could
significantly improve colitis inflammatory symptoms,
including blood hemoglobin content, rectal bleeding
and weight loss, with similar effects to that of sulfa
[138]
salazine, the reference drug
. These effects were
also comparable with those observed with wogonin and
[139]
baicalin .

Diosmin

Diosmin, the main active component found in
Scrophularia nodosa, was initially isolated in 1925
and applied as therapeutic agent in 1969. Similar to
the other members of this subfamily, diosmin has
demonstrated several anti-inflammatory, antimutagenic
[141]
and free radical scavenging effects. Crespo et al
investigated the anti-inflammatory activity of this
compound on the acute phase immune response in a
rat model of TNBS colitis and found that pretreatment
with diosmin could significantly reduce colonic damage
through suppressing MPO enzyme activity, increasing
colonic GSH levels and preventing further production of
leukotriene B4 and MDA. Additionally, this compound
could also inhibit the inflammation and oxidative
[141]
damage in colitis
. The reduction of leukotriene B4
levels is an interesting mechanism of action because
this compound is implicated in the pathogenesis of IBD
since it strongly promotes neutrophil chemotaxis and
activation favoring the inflammatory process.

Luteolin

Luteolin, found abundantly in Salvia tomentosa, has
been shown to significantly lessen shortening of colon
length and reduce the histological score of colitis. As
[140]
reported by Nishitani et al
, luteolin significantly
+
suppressed macrophage and IFN-γ producing CD4 T
cell infiltration into the colon mucosa. Furthermore,
the treatment with luteolin significantly improved
the mRNA expression of IFN-γ in colon. Additionally,
co-culture of intestinal epithelial Caco-2 cells and
macrophage RAW264.7 cells submitted to luteolin
treatment led to the suppression of IL-8 gene
expression in the intestinal cells without disrupting
the epithelial monolayer. Furthermore, TNF-α and proinflammatory cytokines’ expression, including that of
TNF-α, IL-6 and IL-1β, were also significantly reduced
[140]
in RAW264.7 cells by this compound . The authors
proposed that luteolin aglycones are liberated by the
Caco-2 epithelial cells inhibiting NF-κβ translocation into
the nucleus of RAW264.7 macrophages. This action is
followed by suppression of TNF-α gene expression in
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Wogonin

As an O-methylated flavone, wogonin is another
flavonoid-like chemical agent found in Scutellaria
[142]
baicalensis
. Oroxindin is also the glucuronide
[143]
form of wogonin isolated from Oroxylum indicum
.
Wogonin has been shown to possess several
pharmacological effects, most importantly the anti[144]
inflammatory ones. Based on Wang et al
, Caco-2
cells exposure to wogonin significantly diminished
LPS-induced alterations in trans-epithelial electrical
resistance and fluorescent markers of transportation.
Furthermore, this phytochemical could significantly
suppress LPS-induced changes in tight junction
proteins, mostly claudin-1 and zonula occludens-1
(ZO-1). Additionally, the expression of IL-6, IL-8, IL-1β,

5105

July 28, 2017|Volume 23|Issue 28|

Salaritabar A et al . Flavonoids and IBD
iNOS and COX-2 was also suppressed by pretreatment
with wogonin. The expression of different molecules,
including TLR4, MyD88 and TAK1, were significantly
suppressed by wogonin. The more interesting finding
was that the translocation of NF-κB and its capacity to
bind with DNA in LPS-induced Caco-2 cells was also
significantly reduced. Consequently, it can be concluded
that wogonin, mostly through diminishing the TLR4mediated inflammatory response and preserving
intentional barrier function, could be a potent treatment
[144]
for IBD .

position. This type of flavonoid is present in notable
amounts in a diversity of fruits and beverages,
including grapes, lychees, strawberries, cacao and
[149]
green tea
. The bioavailability of flavanols depends
on each compound, although absorbed flavanols
generally present a short half-life in plasma and
[150,151]
undergo an extensive phase Ⅱ metabolism
.
A portion of ingested flavanols is absorbed intact,
whereas the remaining fraction is metabolized by the
gut microflora, and the resulting metabolites absorbed.
Flavanols have a remarkable direct antioxidant activity,
but a capacity to stimulate antioxidant enzymes has
also been demonstrated. In addition, flavanols exert
anti-inflammatory activities by inhibiting/lowering pro[152]
inflammatory enzymes .
Many studies have focused on investigating the
potential anti-inflammatory effects of flavanols, mainly
epigallocatechin and proanthocyanidins from grape
seeds, in animal models of IBD. In a first approach,
an experimental diet containing catechin significantly
decreased colonic damage and MPO activity in TNBSinduced UC in rats compared with a group fed a
[153]
basal diet
. In an in vitro study, epicatechin was
capable of inhibiting the permeabilization of Caco-2
[154]
cell monolayers induced after TNF-α treatment . The
preventive effects were mediated, at least in part, via
inhibition of NADPH oxidase and NF-κB activation by
reducing IκBα phosphorylation and subsequent nuclear
transport and DNA binding. Similar protective results
were obtained using catechin-7-O-β-D-glucopyranoside
from Phaseolus calcaratus Roxburgh (fabaceae)
[155]
seeds in a rat model of experimental colitis
. The
treatment increased GSH levels and reduced MPO
activity and protein levels as well as the mRNA and
protein levels of lipid mediators (COX-2, iNOS, TNF-α,
IL-1β) via inhibition the NF-κB pathway. Moreover,
increased mRNA levels of the mucins MUC2 and MUC3,
main components of the mucosal layer in the colon,
were also evidenced.
Epigallocatechin-3-gallate (EGCG), a main cons
tituent of green tea, has been extensively investigated
as an anti-inflammatory agent in IBD. EGCG inhibited
the gene expression and release of IL-8, PGE2 and
MIP-3α in human colon adenocarcinoma cell lines
[156]
stimulated with TNF-α
. In diverse animal models
of colitis, EGCG was evidenced to inhibit MPO activity
and histamine levels in colon mucosa, to reduce
macrophage chemotaxis and neutrophil infiltration,
and to increase the activities of antioxidant enzymes
and reduce the production of pro-inflammatory
[157-159]
cytokines
. However, together with these beneficial
anti-inflammatory effects, EGCG treatment has been
reported to induce a macronutrient malabsorption
which can represent a dose-limiting adverse effect that
should be taken into account if it is to be translated to
[160]
the clinic for treatment of IBD . In this way, the coadministration of 1-piperoylpiperidin (piperine), an
alkaloid with the capability enhancing EGCG availability,
resulted in significantly higher anti-inflammatory effects,

Tangeretin

As the main component of Citrus Spp pericarp,
tangeretin can effectively inhibit the expression of
TNF-α, IL-23 and IL-12 through restricting the activation
of NF-κB in LPS-treated dendritic cells. Furthermore,
oral administration of this compound was able to
suppress the inflammatory process by preventing the
activation NF-κB and mitogen-activated protein kinases
(MAPK) pathways and lessening MPO activity in mice
with TNBS-induced colitis. Tangeretin could also increase
the altered TNBS-suppressed expression of several tight
junction proteins, such as claudin-1, ocluadin-1 and
ZO-1. Additionally, this compound also prevented TNBSinduced type-1 T helper (Th1) and type-17 T helper
(Th17) cells’ differentiation. Also, tangeretin could inhibit
T-bet, RAR-related orphan receptor-γ, IL-12, IL-17 and
TNF-α expression. According to the aforementioned
results, it can be concluded that oral administration
of tangeretin through suppression of IL-12 and TNF-α
expression as well as NF-κB activation results in the
[145]
attenuation of UC .

Fisetin

Fisetin is a flavonoid, which can be found in many
fruits and vegetables. Recently, this compound showed
efficacy against DSS-induced colitis in a mouse
model. The mechanism of anti-colitis activity was
multifactorial through inhibition of diverse signaling
pathways including Akt, p38 MAPK and NF-κB in the
[146]
murine colon
. This study evidenced that fisetin is
capable of reducing the LPS-induced phosphorylation
of IκBα and NF-κβ (p65) binding activity to DNA. This
inhibition was associated with inhibition of upstream
proteins related to NF-κβ activation. Specifically, the
study reported an attenuation in the phosphorylation
of Akt and, therefore, the activation of p38 MAPK and
[147]
NF-κB in the colon .

FLAVANOLS
Flavanols are characterized by the presence of flavan3-ol as a monomeric unit. Flavanols are usually divided
in monomers (or catechins) and condensed tannins
[148]
(dimers, trimers, oligomers, and polymers)
. The
group of catechins is composed by flavanols with
catechin, epicatechin, gallocatechin, epigallocatechin,
and diverse specific gallic acid esters at the 3-OH
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with respect to EGCG alone, allowing the use of lower
[158]
doses of EGCG (6.9 mg/kg body weight)
. Finally,
the administration of peracetylated epigallocatechin3-gallate (AcEGCG) was more active in preventing
[161]
colon damage than EGCG . The authors found that
AcEGCG reduced inflammatory mediators by downregulating the PI3K/Akt/NFκB pathway and increased
the expression of heme-oxygenase-1 (HO-1) through
induction of extracellular signal-regulated protein kinase
(ERK)1/2 signaling together with acetylation of NF-E2related factor 2 (Nrf2). Unfortunately, the mechanism
of action was only investigated in AcEGCG and not
in EGCG, making it difficult to know the cause of the
different degree of activity between both compounds.
Proanthocyanidins from grape seeds were also
investigated as therapeutic agents against UC in a
rat model. Treatment with the proanthocyanidins
significantly improved the colonic damage and de
creased the pro-inflammatory mediators, such as
MPO, as well as iNOS activity and levels of IL-1β and
TNF-α, increased synthesis of the anti-inflammatory
cytokines IL-2 and IL-4, reduced inflammatory
cell infiltration, and increased antioxidant enzyme
[162-164]
activities
. The reduction in mucosal inflammation
was proposed to be mediated by inhibition of the NFκB signal transduction pathway. The treatment with
proanthocyanidins resulted in a significant reduction in
IκB kinase (IκK) activation, leading to suppression in
the phosphorylation-induced degradation of IκBα and
[163,165]
nuclear translocation
.
Protective effects of thearubigin and theaflavin3,3’-digallate (TFDG), present in black tea, were
evidenced as they ameliorated the disruption of
[166,167]
colonic architecture and inflammation
. Similar
to the other flavanols, the anti-inflammatory effects of
thearubigin and TFDG seem to be mediated through
down-regulation of the NF-κβ pathway by inhibiting the
degradation of its endogenous inhibitor Iκβα.
Some complex mixtures rich in flavanols, such
as polyphenol-enriched cocoa extract (containing
catechin, epicatechin, procyanidin B1 and B2) and
oligonol (containing 17.6% of catechin-type monomers
and 18.6% of proanthocyanidins) were also effective
[168,169]
against animal models of colitis
. Both treatments
significantly reduced colon damage, inflammation,
leukocyte infiltration and oxidative stress markers,
whereas antioxidant enzyme activities were increased.
The mechanism of action seems to involve the inhibition
of transcription factors STAT1 and STAT3, which are
associated with cytokine and growth factor receptors’
synthesis and with innate and acquired immune cells’
regulation, respectively. In addition, NF-κB activity was
also inhibited, which indicates its participation in the
anti-inflammatory effects of the extract.

their therapeutic use in IBD has been almost exclu
sively studied in in vitro studies or animal models. To
date, clinical studies are scarce, and further research
with well-controlled procedures and higher number
of patients is essential to establish the potential
therapeutic use of flavonoids. In a first approach, an
open pilot trial investigated the effect of anthocyaninrich bilberry mixture in 13 subjects suffering from
[128]
UC
. After 6 wk of intervention, elevated rates of
clinical improvement were observed with a significant
decrease in mucosal inflammation and a reduction
in the levels of fecal calprotectin. However, after
completion of the intervention, a raise in calprotectin
levels and disease symptoms were reported following
the 4-wk follow-up.
Another pilot study investigated the activity of
(-)-EGCG (400 mg or 800 mg) that was supplied to 15
individuals with mild to moderate UC, whereas another
[170]
4 were assigned to a placebo control . The response
rate to the treatment after 56 d of therapy was 66.7%
and the active treatment remission rate was 53.3%;
on the contrary, none of the control subjects showed
[171]
signs of improvement. Koláček et al
conducted a
pilot study to determine the relation between oxidative
stress in pediatric CD patients in remission and the
®
influence of a polyphenol extract (Pycnogenol , 70%
± 5% procyanidins). Patients reported reduced antio
xidant defenses and increased oxidative damage
markers when compared with healthy controls. A
10-wk course of polyphenol extract administration
positively influenced the oxidative parameters in
patients suffering from CD. A randomized, placebocontrolled clinical trial was designed to investigate the
effects of silymarin (42 intervention vs 38 placebo)
[172]
in UC patients
. Silymarin (140 mg) was given to
the patients for 6 mo, together with the standard
therapy. Silymarin was well tolerated by the patients
and silymarin improved hemoglobin levels, ESR and
disease activity index with respect to the placebo
group.

CONCLUSION
It is well known that IBD causes prolonged infla
mmation of the gastrointestinal tract. However, the
main cause of the IBD is unknown and currently there
is no effective treatment to cure this disease. Antiinflammatory agents are the first course of clinical
action in IBD treatment, reducing inflammation of
the digestive tract but also eliciting many side effects.
Flavonoids are potent anti-inflammatory compounds
that could be an interesting alternative in the IBD
management. Diverse studies have reported significant
beneficial effects of specific flavonoids or foods rich in
these compounds against inflammation in IBD using
animal models and cell culture.
Tables 1 and 2 summarize the effects of flavonoids
in animal models of UC and CD. The immense
majority of these investigations have been conducted

CLINICAL TRIALS
Although there are multiple sources of evidence to
support the anti-inflammatory effects of flavonoids,
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IBD and to potentiate the effects of future therapies.

Table 1 Positive anticolitis effects of flavonoids on animal
models of ulcerative colitis
Flavonoid
Quercetin
Quercetin
Rutin
Kaempferol
Diadzein
Naringenin
Hesperidin
Anthocyanin (strawberry)
Anthocyanin (blueberry)
Anthocyanin (cranberry)
Apigenin
Baicalein
Luteolin
Fisetin
Epigallocatechin-3-gallate
Oligonol

IBD model

Ref.

Acetic acid (mice)
DSS (rats)
DSS (mice)
DSS (mice)
DSS (mice)
DSS (mice)
DSS (mice)
Acetic acid (rats)
Mdr1a-/- (mice)
DSS (mice)
DSS (mice)
DSS (mice)
DSS (mice)
DSS (mice)
DSS (mice)
DSS (mice)

[30]
[29]
[29]
[72]
[94]
[101]
[104]
[118]
[120]
[122]
[134]
[138]
[140]
[146]
[158-161]
[169]
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Rutin
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Morin
Genistein
Diosmin
Tangeretin
Catechin
Epigallocatechin-3-gallate
Proanthocyanidins (grape)
Thearubigin

IBD model

Ref.

TNBS (rats)
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T cell transfer (mice)
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AIM
To assess dietary myo-inositol in reducing stem cell
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activation in colitis, and validate pβ-catenin
biomarker of recurrent dysplasia.

S552

[1,2]

of colitis-associated cancer (CAC) . Patients with
UC have an overall 11-fold relative risk of cancer and
a 38-fold increased risk if they are diagnosed before
[1]
age 30 . Similarly, patients with CD have an 18-fold
[2]
increased risk of developing colorectal cancer . In
these diseases, chronic inflammation increases the
risk of dysplasia through a variety of mechanisms.
Oxidative stress, eicosanoid production and signaling
[3,4]
through the cyclooxygenase/lipoxygenase pathways ,
apoptosis, altered metabolism, and signaling through
[5-7]
phosphoinositide 3-kinase (PI3K) and Akt
all con
tribute to the transition from inflammation to dysplasia.
β-catenin translocation into the nucleus is a
hallmark of colorectal cancer. Mutations in the genes
encoding proteins in the phosphatase and tensin
homolog (PTEN)/PI3K/Akt and Wnt/β-catenin pathways
[8-11]
lead to colorectal cancer
. Mutations in adenomatous
polyposis coli promote dysplasia and cancer by
reducing β-catenin degradation and enhancing nuclear
accumulation, detected by immunohistochemical
staining. Additionally, Akt phosphorylation of β-catenin
at serine 552 (pβ-cat) increases nuclear translocation
of pβ-cat, upregulates TCF/LEF transcription, and
[8]
increases in vitro tumor invasion . Data from our
group showed that mutations in PTEN enhance PI3K/
Akt signaling and pβ-cat levels, leading to increased
[10]
polyp formation . These data suggest that alterations
in PI3K and β-catenin signaling directly affect stem cell
activation in dysplasia.
Under conditions of chronic inflammation, cells
undergo neoplastic transformation after acquiring
founder mutations. Volgelstein and others coined the
term “field effect” to reflect the clonal expansion of
mutated cells that cause areas of dysplasia to appear
in the vicinity of sentinel areas of sporadic cancer or
[9,12]
polyps
. In many cancers, including CAC, clonal
fields of cells harboring DNA mutations surround
visible dysplasia or carcinoma. Based on analysis of
colitis-induced dysplasia, Brentnall and colleagues
proposed that populations of intestinal epithelial
[13]
cells
carrying p53 mutations spread to adjacent
[14]
crypts by migrating over colonic surfaces . Clevers
and others suggest that the field effect originates in
[15,16]
mutated intestinal stem cells
. We hypothesize that
staining for nuclear pβ-cat provides a useful biomarker
in identifying such a field effect.
Myo-inositol, a naturally abundant 6-carbon poly
alcohol isolated from cereals (e.g., rough coat of rice),
and its derivatives regulate a variety of intracellular
pathways. Inositol polyphosphates are important as
second messengers in signal transduction, act as antioxidants, and mediate calcium regulation in membrane
signaling. Nuclear inositol signaling may also play a role
[11,17-21]
in DNA repair and chromatin remodeling
. Due to
these effects, inositol has been tested in a wide range
of human clinical trials, including cancer prevention,
autism, and psychiatric disorders.
[22]
Lam et al
conducted a dose escalation trial of
myo-inositol in smokers with bronchodysplasia. They

as a

METHODS
We examined the effects of dietary myo-inositol
S552
treatment on inflammation, pβ-catenin
and pAkt
-/levels by histology and western blot in IL-10 and
dextran sodium sulfate-treated colitic mice. Additionally,
S552
we assessed nuclear pβ-catenin
in patients treated
with myo-inositol in a clinical trial, and in patients with
and without a history of colitis-induced dysplasia.
RESULTS
S552
In mice, pβ-catenin
staining faithfully reported the
effects of myo-inositol in reducing inflammation and
intestinal stem cell activation. In a pilot clinical trial of
myo-inositol administration in patients with a history of
low grade dysplasia (LGD), two patients had reduced
numbers of intestinal stem cell activation compared to
S552
the placebo control patient. In humans, pβ-catenin
staining discriminated ulcerative colitis patients with a
history of LGD from those with benign disease.
CONCLUSION
Enumerating crypts with increased numbers of pβS552
catenin
- positive cells can be utilized as a biomarker
in colitis-associated cancer chemoprevention trials.
Key words: Chemoprevention; Dysplasia; Biomarker;
Stem cell; Colitis-associated cancer
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We report that dietary myo-inositol reduced
inflammation and intestinal stem cell activation in both
genetic and chemically-induced mouse models of colitis.
In a limited clinical trial of colitis patients with a history
of recurrent low grade dysplasia (LGD), myo-inositol
reduced the number of intestinal crypts with activated
stem cells. This study demonstrated for the first time
S552
that nuclear pβ-catenin
staining discriminates
between patients with inflammation and those with a
S552
history of LGD, suggesting that nuclear pβ-catenin
staining may reflect local expansions of activated stem
cells with neoplastic potential. Based on these data, we
propose a more extensive clinical trial.
Bradford EM, Thompson CA, Goretsky T, Yang GY, Rodriguez
LM, Li L, Barrett TA. Myo-inositol reduces β-catenin activation
in colitis. World J Gastroenterol 2017; 23(28): 5115-5126
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i28/5115.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i28.5115

INTRODUCTION
Chronic inflammation in ulcerative colitis (UC) and
Crohn’s disease (CD) contributes to an elevated risk
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found that myo-inositol (9 g twice a day) reduced
dysplasia, as well as Akt and phospho-ERK staining in
[23]
dysplastic tissues . Given our previous data linking
PI3K signaling to β-catenin activation we considered
the possibility that myo-inositol could reduce dysplasia
by reducing ISC activation in colitis. However, before
launching a large scale clinical trial, we wished to
develop the means for detecting elevated numbers of
activated ISC in colitis patients using pβ-cat staining.
Additionally, we wished to determine whether this
marker would serve as a reliable read-out of ISC
chemoprevention.

Biomedical, Santa Ana, CA, United States) for eight
cycles. A single cycle of DSS consisted of 7 d of DSS
in the drinking water followed by a recovery period of
14 d of regular water. Mice were treated with 1% myoinositol during the recovery periods.

Disease activity indices
-/-

IL-10 mice undergoing treatment were scored daily
or every other day using a standard disease activity
index (DAI) based on diarrhea, fecal blood (Beckman
Coulter SENSA Hemoccult Test), and percent weight
[26]
loss as previously described . Each criterion was
assigned a score from 0 (no diarrhea, fecal blood or
weight loss) to 4 (severe diarrhea, visible fecal blood,
and up to 20% weight loss). The daily combined DAI
score is the sum of each individual criterion.

MATERIALS AND METHODS
Animals

-/-

C57BL/6 (WT) and C57BL/6 IL-10-/- (IL-10 ) mice
were purchased from Jackson Laboratories (Bar Harbor,
ME, United States). Mice were maintained under specific
pathogen free conditions at the University of Kentucky.
All experiments were approved by the University of
Kentucky IACUC.

Histological analysis

Tissues were fixed in 4% neutral buffered formalin
overnight, processed through paraffin, sectioned at 5
µm, and stained for hematoxylin and eosin (H&E). For
murine tissues, colitis scores were calculated based
on a graded scale of inflammation (0-3), extent (0-3),
regeneration (0-4), crypt damage (0-4) and percent
[27]
involvement (1-4) as previously described . The
combined colitis score is the sum of the scores for
inflammation, extent, and crypt damage/regeneration.

Serum myo-inositol measurements

Serum myo-inositol was measured using an enzymatic
[24]
spectrophotometric assay as previously described .
Briefly, blood was collected by cardiac perfusion
into untreated 1.5 mL tubes, incubated at room
temperature for 1 h, centrifuged, and serum was
collected and stored at -80 ℃. Serum samples were
treated with glucose oxidase and catalase (Calbiochem,
San Diego, CA, United States), deproteinized with
perchloric acid, and subsequently neutralized. Enzymatic
determination of myo-inositol was done by reading the
absorbance change at 546 nm from the reduction of
3+
2+
Fe - to Fe -bathophenanthroline disulphonic acid
(VWR, Radnor, PA, United States) from the NAD+dependent oxidation of myo-inositol by myo-inositol
dehydrogenase (Sigma, St.Louis, MO, United States).
Myo-inositol concentration was determined from a
calibration curve prepared with aqueous standards.

Immunohistochemistry

For human sections, standard of care biopsies were
processed, stained and analyzed by the pathology
departments of the University of Chicago or North
western University. Slides were stained for H&E,
β-catenin, p53 or Ki67 and staining patterns were
interpreted by staff pathologists. For laboratory staining
S522
of anti-pβ-catenin
(pβ-cat) and Ki67, paraffin
sections were rehydrated through graded alcohols and
antigen retrieval was performed using Target Retrieval
Solution (Dako, Carpinteria, CA, United States), pH
6.0, in a decloaking chamber. Sections were incubated
with anti-pβ-cat (provided by Linheng Li, Stowers) or
anti-Ki67 (TEC-3, Dako) followed by anti-rabbit or antimouse peroxidase-labeled polymer (Dako). Sections
were developed using 3,3’-diaminobenzidine (DAB)
tetrahydrochloride chromagen (Dako) and counter
stained with hematoxylin.

Induction of colitis in mice
-/-

Thirteen IL-10 mice were divided into three groups:
-/-/control (IL-10 ), piroxicam-treated (IL-10 Px), and
-/piroxicam-treated plus myo-inositol (IL-10 Px/myoinositol). Piroxicam-containing chow was made by
Harlan-Teklad (Madison, WI, United States). As
-/previously described, 8-10 wk old IL-10 mice were
fed chow containing 65 mg/250 g piroxicam for one
week to synchronize colitis, followed by 85 mg/250 g
[25]
piroxicam to induce colitis . Mice were sacrificed 14
or 42 d later. For the group treated with myo-inositol,
mice were treated with 1% (w/v) myo-inositol (Sigma)
in the drinking water for one week prior to piroxicam
treatment and for the duration of the experiment. For
experiments of dextran sodium sulfate (DSS)-induced
colitis, WT mice were treated with 2% (w/v) DSS (MP

WJG|www.wjgnet.com

Cell fractionation

IEC were isolated with EDTA and depleted of CD45
cells with sheep anti-rat IgG magnetic Dynabeads (Life
Technologies, Grand Island, NY, United States) preloaded
with rat anti-mouse CD45 antibody. For subcellular
fractionation, all buffers contained ProteaseArrest
™ protease inhibitor cocktail (G-Biosciences), and
phosphatase inhibitor cocktails I and II (Sigma) in
1:100 dilution. IEC were homogenized in Buffer I (50
mmol/L Tris-HCl pH 7.4, 100 mmol/L NaCl, 0.01%
digitonin), lysates were passed through 26G needle,
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then centrifuged at 4 ℃ for 10 min. Pellets were
resuspended in Buffer II (50 mmol/L Tris-HCl pH 7.4,
2% Triton X100, 100 mmol/L NaCl) and incubated
on ice for 30 min, then centrifuged as above. Pellets
were dissolved in Buffer III (50 mmol/L Tris-HCl pH
7.4, 0.25% n-Dodecyl-D-maltoside, 100 mmol/L
NaCl, 2 mmol/L MgCl2) and incubated with 2U of
Benzonase (Sigma) per 100 µl of lysate for 30 min at
room temperature. After centrifugation the resulting
supernatant was used as the nuclear fraction.

study and again 90 d later. Participants were provided
a 90 d supply of either maltodextrin (placebo) or myoinositol in 9 g packets. Myo-inositol was manufactured
by Tsuno Rice Fine Chemicals Co., Ltd (Wakayama,
Japan) and filled into pouches by PharmOps, Inc
(Phillipsburg, NJ, United States). Myo-inositol and the
matching placebo were provided by NCI, DCP. For the
first 14 d, participants dissolved one 9 g single-dose
packet of study agent in 8 ounces of juice once daily.
Following this initial period, participants escalated to
18 g/d taken in divided dose - one 9 g packet in the
morning and one 9 g packet in the evening for the
remaining 76 d. Patients were instructed to dose at
approximately the same time each day, 2 h prior to
eating. Pre- and post-study biopsies were assessed for
general histological findings, IHC of p53 and Ki67, and
patterns of nuclear pβ-cat.

Immunoblotting

Proteins were transferred to Immobilon FL (Millipore)
membrane by semi-dry transfer (Bio-Rad, Hercules,
CA) and membranes were blocked in Pierce Proteinfree T20 blocking buffer (Thermo, Rockford, IL,
United States) for 1 h. Primary antibodies for anti-pβS522
catenin
(pβ-cat, provided by Linheng Li, Stowers),
S473
pAkt
(Cell Signaling, Davers, MA, United States),
and β-actin (Sigma) were diluted 1:1000 and incubated
overnight at 4 ℃. HRP-conjugated secondary antibodies
(KPL, Gaithersburg, MD) were used at 0.02 μg/mL
and blots were developed using West Pico ECL reagent
(Thermo, Rockford, IL, United States).

Digital analysis

Slides were scanned using an Aperio ScanScope XT™
slide scanner and visualized using ImageScope v11.
A modified nuclear quantitation algorithm was used
to identify DAB-positive and DAB-negative epithelial
nuclei. Slides were assessed for pβ-cat staining using
the following three criteria; (1) the number of crypts
containing 2, 3, 4 or 5 pβ-cat-positive cells; (2) the
number of high powered fields of view containing 3 or
more crypts, each containing 2 or more pβ-cat-positive
cells (clustering or “high frequency” fields of view); and
(3) the number of pβ-cat-positive cells per 100 IEC.
For analysis of proliferation, numbers of Ki67-positive
cells per 100 IEC were counted in high frequency fields
of view as well as adjacent tissue.

TOPFlash assay

NCM460 cells (normal derived colon mucosa) were
received by a cell licensing agreement with INCELL
Corporation (San Antonio, TX, United States), and
were propagated in M3:10 medium with addition
of the conditioned medium (30%) from previously
cultured NCM460 cells. Cells were transfected with
a reporter construct containing TCF/luc to evaluate
[28]
β-catenin transcription . Transfected cells were
pre-treated for 3 h with 5 mmol/L myo-inositol and
overnight with 5 mmol/L myo-inositol or 10 ng/ml
[29,30]
of TNFα
. Luciferase was detected with Luciferase
Reagent (Promega, Madison, WI, United States).

Statistical analysis

All pairwise comparisons were made using a Student’s
t-test; p < 0.05 was considered statistically significant.
Comparisons among multiple groups were made using
a one-way ANOVA with post-hoc Tukey’s test.

Human sample collection

Colon biopsies were obtained from adult patients
undergoing diagnostic or surveillance colonoscopy or
surgical resection at Northwestern University or the
University of Chicago. For the NCI myo-inositol clinical
trial, all patients were diagnosed as having colitisinduced low grade dysplasia (LGD). Informed consent
was obtained from every patient and samples were
coded. Collection of all material was approved by
Northwestern University IRB and sample analysis was
approved by the University of Kentucky IRB. Some
biopsies were collected under the NCI Myo-Inositol
Chemoprevention in Colitis-Associated Dysplasia trial,
#NWU09-13-02.

RESULTS
Treatment with myo-inositol reduces pβ-cat levels in
murine colitis

Results from prior work indicate that myo-inositol
inhibits PI3K and ERK signaling as evidenced by reduced
[23]
p-Akt and p-ERK staining in dysplastic tissues . Given
our previous data linking PI3K signaling to β-catenin
activation we considered the possibility that myo-inositol
[31]
limits ISC activation in colitis . The effects of myoinositol on β-catenin activation were initially examined
-/in the IL10 and DSS colitis models, which are known
to progress from inflammation to CAC.
Initially, to establish the relationship between
dietary intake and serum levels, myo-inositol levels was
-/measured in untreated IL-10 mice given 1% w/v myoinositol in their drinking water. Baseline myo-inositol
-/concentrations in IL-10 mice were 2.0 ± 0.2 μmol/L,

NCI clinical trial

Three patients with LGD completed the 90-d clinical
trial; 1 was given placebo and 2 were given myoinositol. Colon biopsies were collected at the start of the
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Figure 1 Myo-inositol reduces mortality and disease activity indices in IL-10-/- Px mice. A: Schematic diagram of Px and myo-inositol treatment in IL-10-/- mice;
B: A Kaplan-Meier survival curve shows decreased mortality in IL-10-/- Px/myo-inositol mice; C: Disease activity indices (DAIs) for IL-10-/- Px and IL-10-/- Px/Ins mice.
For diarrhea and fecal occult blood (FOB), scores are based on a scale from 0-4, with 0 being normal and 4 being the most severe (Methods). Percent weight change
was calculated as weight change relative to the baseline weight at day 1. The composite DAI includes diarrhea and FOB scores, as well as weight change. The bar
denotes Px treatment. Data points represent the mean, n = 4 mice in each group. P < 0.05 on day 14.

while provision of 1% myo-inositol in the drinking water
raised serum myo-inositol concentrations 2.4-fold, to
4.9 ± 0.5 μmol/L, p = 0.02. Although our experiments
were conducted with 1% myo-inositol, we tested the
effect of 2% myo-inositol as well, and serum levels
increased to 14.6 ± 1.1 μmol/L (p = 0.01 relative to
1% myo-inositol). These data document the correlation
between dietary and serum levels of myo-inositol as
used in these studies.
-/Piroxicam (Px) was used to induce colitis in IL-10
mice, and a cohort of these mice was treated with 1%
myo-inositol in the drinking water (Figure 1A). While
-/-/no IL-10 or IL-10 Px/myo-inositol mice died during
-/the study, 42% of the IL-10 Px mice died during
the second week of Px treatment (Figure 1B). Myoinositol significantly reduced mean diarrhea scores in
-/IL-10 Px mice from 2.3 ± 0.6 to 0.8 ± 0.3 (p = 0.02),
and occult fecal blood scores from 2.0 ± 0.4 to 0.9 ±
0.3 (p = 0.02) (Figure 1C). There was no significant
change in body weight between myo-inositol-treated
and untreated mice, though myo-inositol may have
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contributed to increased caloric intake. Composite DAI
scores were reduced by myo-inositol treatment (Figure
1C). Given that myo-inositol has anti-inflammatory
[32]
-/effects , we next examined tissue histology in IL-10
-/Px and IL-10 Px/myo-inositol mice.
Tissue analysis revealed that myo-inositol sig
nificantly reduced inflammation in colonic tissue from
-/IL-10 Px mice (Figure 2A and B). Images show
that myo-inositol normalizes crypt distortion, trans
mural inflammation, and ulceration induced by Px in
-/IL-10 mice. These changes correlate with increased
-/myeloperoxidase (MPO) staining in IL-10 Px mice and
-/greatly reduced MPO staining in IL-10 Px/myo-inositol
mice (Figure 2A). This reduction was particularly
evident near the junction of the proximal and distal
-/colon, where IL-10 Px mice develop large lymphoid
aggregates, ulcerated thickened mucosa, and crypt
distortion. Histological grading of colitis (Methods)
revealed that myo-inositol reduces inflammation
scores, the extent of colitis, and composite colitis
scores (Figure 2B). Inflammation scores were reduced
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Figure 2 Myo-inositol reduces inflammation in IL-10-/- Px mice. A: Representative MPO staining of the proximal-distal junction in IL-10-/- control, IL-10-/- Px
and IL-10-/- Px/myo-inositol colon at day 28; B: Histological grading of colitis shows that myo-inositol reduces the severity of inflammation, the extent (thickness) of
inflammation, and the combined colitis score. Untreated IL-10-/- mice did not exhibit inflammation at day 28. Values represent the mean ± SE, n = 4 mice in each
group.
-/-

in myo-inositol-treated IL-10 Px mice from 3.3 ± 1.9
to 1.0 ± 0.7 (p < 0.05) and myo-inositol completely
abrogated crypt damage. Treatment with myo-inositol
-/reduced the extent of colitis in IL-10 Px mice from 2.5
± 1.2 to 0.5 ± 0.5 (p < 0.05).
pβ-cat staining can be used as a marker of activated
[25]
stem and progenitor cells . Thus, we examined the
effect of myo-inositol on pβ-cat and pAkt levels in the
-/IL-10 mice (Figure 3A and B). Results show that myoinositol abrogates colitis-induced pβ-cat induction.
Cell counting revealed that the number of pβ-catpositive nuclei dropped by 63% in myo-inositol-/treated IL-10 Px mice from 0.3 ± 0.02 to 1.9 ± 0.02
(p = 0.004). Analysis of the crypt distribution of pβ-/cat demonstrated that in IL-10 Px mice there were
significantly more crypts with > 2 pβ-cat positive nuclei
in mice with active colitis. By comparison, myo-inositol
-/treatment normalized pβ-cat levels in IL-10 /Px
mice (Figure 3B). Similar effects of myo-inositol were
observed with pAkt staining, in which myo-inositol
reduced pAkt nuclear staining from 6.4 ± 2.0 to 2.3 ±
0.7 (p < 0.05) percent. Together these data suggest
that myo-inositol impairs PI3K and β-catenin activation
in colitis.
Previously we (GY) found that myo-inositol feeding
reduced the incidence of cancer in a model of chronic
[32]
DSS colitis . To determine whether myo-inositol
reduced levels of pβ-cat in these mice, we assessed
protein levels of pβ-cat in isolated IEC from controls
and mice treated with eight cycles of DSS with or
without myo-inositol (Figure 3C). Levels of pAkt

WJG|www.wjgnet.com

were assessed to determine if myo-inositol reduces
this potential activator of b-catenin signaling. WB
data show that myo-inositol reduced pβ-cat levels by
59%, from 45 ± 14-fold to 18 ± 4-fold, relative to
DSS-treated controls (p = 0.04). Nuclear pAkt was
reduced by 73%, from 11 ± 1-fold to 3 ± 1-fold (p =
0.006). Together, data from two colitis models indicate
that oral myo-inositol reduces both pβ-cat and PI3K
signaling in colitis.
To determine if myo-inositol can reduce infla
mmation-induced β-catenin activation, we used the
in vitro TOPFlash assay to assess β-catenin activity
in response to treatment with TNF and myo-inositol.
Myo-inositol treatment alone had no discernible effect
on baseline β-catenin activation. NCM cells treated with
10 ng/mL TNF showed a 60% increase in β-catenin
activation (1.00 ± 0.08 vs 1.6 ± 0.12, p < 0.05),
which was abrogated by co-treatment with 5 mmol/l
myo-inositol (1.6 ± 0.12 vs 1.13 ± 0.09, p < 0.05;
Figure 3D). These findings provide evidence that myoinositol directly impacts Wnt/β-cat signaling.

Effect of myo-inositol on ISC activation in patients with
a history of LGD

Several studies, in both human and mice, have shown
[23,32]
the ability of myo-inositol to reduce dysplasia
.
Given the chemopreventive effects of myo-inositol
[32]
on CAC in mice
and the inhibition of β-catenin and
PI3K signaling reported here, we postulated that
myo-inositol may also reduce ISC activation and CAC
in patients with longstanding colitis and a history
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Figure 3 pβ-cat and pAkt are reduced in colitis mice treated with myo-inositol. A: Representative images of pβ-cat and pAkt staining; B:
Quantification of the number of pβ-cat- and pAkt-positive nuclei. Distribution of the percent of crypts containing 0-5 pβ-cat-positive nuclei. Values
represent the mean ± SE, n = 4 mice in each group. aP < 0.05; C: Western blots of IEC showing levels of nuclear pβ-cat and pAkt in the 8 cycle
model of DSS-induced colitis. Lanes were rearranged to be consistent with formatting. Densitometry was normalized to β-actin and presented
as the fold change (mean ± SE). n = 2 control mice, 3 DSS-treated mice, and 3 DSS/myo-inositol-treated mice; D: TOPFlash reporter assay
(shown in relative fluorescence units, RFU) for β-catenin activation in NCM460 cells treated with TNF or myo-inositol. n = 4 separate experiments.

of recurrent dysplasia. To examine whether myoinositol can be chemopreventive in CAC, we proposed
a 3 mo trial in which myo-inositol was given to UC
patients with LGD. We proposed that the frequency
of pβ-cat-positive IEC would decrease in response to
dietary myo-inositol treatment. Due to the challenges
of finding colitis patients with current LGD at the
time of consent, we were able to enter only five
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patients into the trial. One patient dropped out due to
adverse events (diarrhea, abdominal pain, flatulence,
hemorrhoids and increased serum bilirubin), though it
is not clear that these were study-related. One patient
had the area of LGD removed with the initial biopsy,
precluding further analysis at the completion of the
study. Three patients completed the study; 1 treated
with placebo and 2 treated with myo-inositol. Statistical
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Figure 4 Myo-inositol reduces the number of pβ-cat-positive cells in ulcerative colitis patients. A: Representative low power images of biopsies stained for pβcat from a patient before and after 90 d of myo-inositol treatment. B: pβ-cat staining in an area of LGD; C: pβ-cat staining in a non-dysplastic area adjacent to LGD.
Note the HFC containing multiple pβ-cat-positive nuclei; D: Graphic representation of the percent of crypts from each patient pre- and post-treatment containing 2 or
more pβ-cat-positive nuclei; E: The percent of all high powered fields of view (FOV) containing HFC in biopsies from each patient. N: Normal tissue; LGD: Low grade
dysplasia.

analysis of this small study size is not possible.
However, the results of the staining were used to
identify a trend of myo-inositol-induced reductions in
the number of crypts with high numbers of pβ-catpositive intestinal epithelial cells.
Data from the myo-inositol-treated patients who
completed the study did not show reductions in
established dysplasia (as in Figure 4A and B). However,
in myo-inositol-treated patients there was a global
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reduction in the percentage of crypts containing two
or more pβ-cat-positive cells in areas adjacent to
LGD, which was not observed in the placebo-treated
patient (Figure 4C). While analyzing the data from
the 3 patients in the study, we observed “clusters” of
crypts containing 2 or more pβ-cat-positive cells in nondysplastic areas where pβ-cat staining was otherwise
very sparse (Figure 4C). This aggregation of crypts with
higher numbers of pβ-cat-positive cells is suggestive
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henceforth defined as high frequency crypts (HFC).
In the placebo-treated patient, the percent of HFC at
day 1 and day 90 was 15% and 19%, respectively.
However, in the patients treated with myo-inositol,
the percentages of HFC at day 1 were 36% and 31%,
which were reduced to 0% and 10%, respectively, by
day 90 (Figure 4D). Although these findings are far
from conclusive, they support the notion that myoinositol reduces the frequency of activated stem cells in
patients at high risk for CAC.
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We previously observed that numbers of pβ-catpositive IEC are increased in patients within areas of
[25]
colitis-induced LGD and cancer, and inflammation .
However, the observation of pβ-cat-positive cell
clustering within non-dysplastic tissue adjacent to
areas of colitis-induced dysplasia led us to speculate
that patients with a history of recurrent LGD could
be stratified based on the presence of HFC. To test
this hypothesis, a digital algorithm was developed to
objectively distinguish pβ-cat-positive and negative
nuclei in human biopsies. This allowed us to more
accurately compare staining of tissues that were
processed and stained by a variety of institutions and
laboratory personnel.
Digital analysis of sections improved the quality of
data generated by discriminating true positive and true
negative cells (Figure 5A and B). In some cases, digital
imaging identified positive cells that were not detected
by trained observers (Figure 5A, black arrow). In
other sections, the computer algorithm correctly
discriminated false positives. The ability to accurately
identify positive and negative nuclei significantly
increased the sensitivity of pβ-cat staining.
To test the hypothesis that HFC could be used
to stratify patients with a history of LGD, biopsies
from healthy control patients (n = 3), patients with
a diagnosis of active UC (n = 12), and UC patients
with a history of LGD (n = 16) were stained for pβcat. In patients with a history of LGD, biopsies were
taken from histologically normal areas of prior LGD,
usually near mucosal tattoos marking resected LGD.
In these tissues, we assessed the number of pβ-catpositive cells within individual crypts and portrayed the
relative distribution of crypts with distinct numbers of
pβ-cat-positive cells/crypt (e.g., percentage of total
crypts with 2,3,4 or 5 pβ-cat-positive cells/crypt)
(Figure 5C). In order to stratify patients, histologically
normal tissues from areas of previous dysplasia were
evaluated for HFC (Figure 5D). When we calculated the
percentage of patients that had at least one HFC, 8.3%
(1 out of 12) patients with benign, active UC had HFC
whereas 94% of patients with a history of LGD had at
least one HFC (15 out of 16). These findings suggest
that focal increases in pβ-cat staining identify patients
at risk for dysplasia. If further validated in more
extensive clinical trials, this biomarker may provide a
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Figure 5 Crypts with elevated pβ-cat staining identify ulcerative colitis
patients at a high risk for low grade dysplasia. A: Representative images
of pβ-cat staining and the digital markup in colon biopsies of UC patients with
normal pβ-cat distribution (benign disease); and B: HFC. Red arrows indicated
pβ-cat-positive nuclei identified by eye; black arrows indicate false positive or
negative nuclei properly identified by digital analysis; C: Statistical distribution
of pβ-cat-positive nuclei in normal biopsies showing that crypts with 2 more
positive pβ-cat-positive nuclei are rarely detected in healthy patients (diamonds,
n = 3) or patients with benign, active UC (triangles, n = 12) but are more
frequent in UC patients with a previous history of LGD (circles, n = 16). Data
are shown as the percent of crypt cross-sections containing pβ-cat-positive
nuclei; D: Biopsies from healthy controls, benign UC, and UC patients with a
history of LGD were analyzed for the presence of HFC. UC: Ulcerative colitis;
LGD: Low grade dysplasia; HFC: High frequency crypts.

of a field effect, in which foci of activated ISC are
[14]
produced by expansion of mutated cells . In order to
quantify this effect, we counted the percentage of high
power fields of view (20X) in which there were at least
3 crypts containing 2 or more pβ-cat-positive cells,
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useful means for testing chemopreventive agents such
as myo-inositol.

with a history of LGD compared to those with benign
disease. Using the criterion that tissue sections must
have high powered fields of view with three or more
crypts containing two or more pβ-cat-positive IEC,
we were able to distinguish sections from UC patients
from those who had a history of LGD and those who
did not. We hypothesize that these data reflect local
expansions of activated ISC harboring mutations that
affect Wnt/β-catenin signaling. Inflammation-induced
carcinogenic genetic and epigenetic changes may
transmit a survival advantage to select ISC populations.
Thus, our observations suggest that higher numbers of
activated ISC may be a biomarker for areas of tissue
at higher risk for neoplastic transformation. What
remains unclear is whether myo-inositol primarily
affects ISC by reducing inflammation, pro-carcinogenic
inflammatory insults and/or by altering critical ISC
signaling pathways (e.g., PI3K, Wnt/β-catenin) relevant
to carcinogenesis. In unpublished studies, we found
that enhanced nuclear staining of pβ-cat correlates
highly with increased TCF4/LEF immunoprecipitiation
and increased expression of downstream TCF4 target
genes. We propose that reductions of β-catenin activity
in stem cells by myo-inositol are an essential me
chanism for its chemopreventive properties. Because
dysplasia typically arises from expansion of clonal
stem cells that harbor mutations in key oncogenic
[9,38,39]
processes
, reducing the numbers of activated
stem cells in colitis would presumably lower the risk
for generating neoplastic crypts. Additionally, myoinositol is a potent anti-oxidant, and as such it may
also reduce DNA damage caused by reactive oxygen
species. We hypothesize that myo-inositol may exert
chemopreventive properties through both of these
mechanisms.
In order to test the hypothesis that myo-inositol
can be used as a chemopreventive in CAC, we propose
a revised clinical trial. In this trial, UC patients would
be recruited who have history of recurrent LGD and
evidence of elevated pβ-cat staining in areas adjacent
to prior dysplasia. Myo-inositol would be given longterm (1 year or more) and the primary endpoints
would include (1) a reduction in the recurrence of LGD;
and (2) normalized or reduced pβ-cat staining in areas
proximal to LGD. The primary goal would not be the
reversal of LGD, but rather the prevention of stem cell
activation in “high risk” areas of pre-dysplastic fields
resulting in reduced emergence of new LGD. The
goal would be to abort the progression to recurrent
dysplasia in patients who have a history of recurrent
disease. The clear benefit would be the provision of
a safe, low cost agent for patients who are found to
have recurrent LGD during surveillance colonoscopy
for colitis.

DISCUSSION
The data presented in this study suggest that myoinositol is a valuable chemopreventive agent that
abrogates aberrant activation of ISC during inflamma
tion and reduces the transition to dysplasia. Additionally,
these data demonstrate that pβ-cat staining can be
used to identify HFC within “pre-dysplastic” regions
in patients with a previous history of colitis-induced
dysplasia. A central hypothesis addressed in these
studies was that myo-inositol reduces intestinal
stem cell activation, detected by reduced nuclear pβcat and pAkt staining. Previous studies indicate that
inositol compounds have both anti-inflammatory and
[22,23,32-35]
chemopreventive properties
. Data here show
that myo-inositol treatment reduces Akt activation in
colitis. Additionally, we show that myo-inositol reduces
β-catenin signaling, a key step in ISC activation. Prior
data from our group demonstrated that Akt cooperates
[25]
with Wnt to activate β-catenin . In the models tested
here, it is possible that PI3K inhibition by myo-inositol
impaired Wnt signaling via reduced β-cat activation.
Because we were interested in early effects of
myo-inositol during inflammation-induced neoplastic
-/transformation, we analyzed data from IL-10 mice 14
d after the induction of colitis, 4 wk before the onset of
dysplasia. The data presented here demonstrate that
myo-inositol reduced inflammation, Akt activation, and
pβ-cat nuclear localization. Additionally, in experiments
with WT mice on 8 cycles of DSS, analysis of proteins
from isolated IEC revealed that myo-inositol reduced
nuclear pβ-cat and pAkt. In the same model, we
reported that myo-inositol reduced tumor incidence,
[32]
tumor multiplicity, and tumor volume . Based on
these results we propose that myo-inositol may reduce
CAC by decreasing the numbers of activated ISC that
may harbor pro-oncogenic genetic alterations.
5-ASA, a common therapeutic used in the treatment
of UC, is a potent oxygen radical scavenger and has
anti-proliferative and pro-apoptotic effects. 5-ASA
reduces both pAkt and pβ-cat nuclear localization
-/in human biopsies and in the IL-10 Px model of
[36,37]
CAC
. However, in areas of established dysplasia,
5-ASA did not reduce proliferation or staining for pβcat and pAkt. We propose that like 5-ASA, myo-inositol
reduces Akt/β-catenin signaling in the early stages of
dysplastic transformation but not once it is established.
We posit that 5-ASA and myo-inositol reduce CAC both
by reducing inflammation-induced Wnt signaling in
activated ISC at risk for acquiring founder mutations.
To address the question of whether a reduction in
pβ-cat staining could be a biomarker of “fields” of predysplastic cells in patients, we analyzed colonic biopsies
from UC patients with benign disease or a history of
LGD. We detected more regions with a high frequency
of pβ-cat -positive nuclei (HFC) in tissue from patients
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Patients with inflammatory bowel disease (IBD) have an increased risk
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of dysplasia and colon cancer due to chronic inflammation. Developing a
biomarker and identifying areas of the colon that harbor the potential for
neoplastic transformation prior to the onset of histologically-identifiable
dysplasia is critical for early treatment and cancer prevention. Additionally, there
is a need for inexpensive, accessible pharmaceuticals to prevent recurrent
dysplasia and the progression to cancer in IBD patients.

5

6

Research frontiers

Colitis-associated cancer (CAC) is a significant concern for patients with
chronic inflammatory diseases, such as IBD. Although largely preventable
by stringent surveillance colonoscopy and endoscopic or surgical removal of
dysplastic tissue, many patients with limited access to health care resources
remain at high risk for developing cancer. Myo-inositol is a safe, affordable,
accessible sugar alcohol with limited side-effects and an established history in
many clinical trials. We posit that myo-inositol is an attractive treatment option
for patients at high risk for recurrent colonic dysplasia.

7
8

Innovations and breakthroughs

9

This study demonstrated that nuclear staining patterns of Akt-phosphorylated
S552
β-catenin (pβ-catenin ) positively correlate with levels of inflammation and
proliferation in both mouse and human models of intestinal inflammation and
IBD. Additionally, nuclear staining patterns of pβ-cateninS552 can be used to
stratify patients with benign colitis and those with a history of dysplasia. In
mouse models of colitis, oral myo-inositol significantly reduced inflammation
and numbers of activated stem cells. In a limited clinical trial, myo-inositol
treatment did not reduce dysplasia, but successfully altered the pattern of pβcateninS552 staining in areas adjacent to dysplasia, suggesting a role for oral
myo-inositol in limiting stem cell activation during colitis.

10

11
12

Applications

In order to further test the hypothesis that myo-inositol can be used as a
chemopreventive in CAC, the authors propose a revised clinical trial. In this
trial, ulcerative colitis patients would be recruited who have history of recurrent
low grade dysplasia (LGD) and evidence of elevated pβ-cat staining in areas
adjacent to prior dysplasia. Myo-inositol would be given long-term and primary
endpoints would include a reduction in the recurrence of LGD and normalization
of pβ-cat staining in areas proximal to LGD. The primary goal would be the
prevention of stem cell activation in “high risk” areas of pre-dysplastic fields
resulting in reduced emergence of new LGD. The clear benefit would be the
provision of a safe, low cost agent for patients who are found to have recurrent
LGD during surveillance colonoscopy for colitis.

13

14

15

Terminology

LGD: mild architectural abnormalities characterized by basally-oriented nuclei,
mild nuclear enlargement, and nuclear crowding.
16

Peer-review

this paper describe some important things about: pβ-cateninS552 staining
faithfully reported the effects of myo-inositol in reducing inflammation and
intestinal stem cell activation in mice.
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AIM
To determine the role of corticotropin releasing factor
receptor (CRF2) in epithelial permeability and enterocyte
cell differentiation.
METHODS
For this purpose, we used rat Sprague Dawley and
various colon carcinoma cell lines (SW620, HCT8R,
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HT-29 and Caco-2 cell lines). Expression of CRF2
protein was analyzed by fluorescent immunolabeling
in normal rat colon and then by western blot in
dissociated colonic epithelial cells and in the lysates
of colon carcinoma cell lines or during the early
differentiation of HT-29 cells (ten first days). To
assess the impact of CRF2 signaling on colonic cell
differentiation, HT-29 and Caco-2 cells were exposed to
Urocortin 3 recombinant proteins (Ucn3, 100 nmol/L).
In some experiments, cells were pre-exposed to the
astressin 2b (A2b) a CRF2 antagonist in order to inhibit
the action of Ucn3. Intestinal cell differentiation was
first analyzed by functional assays: the trans-cellular
permeability and the para-cellular permeability were
determined by Dextran-FITC intake and measure of
the transepithelial electrical resistance respectively.
Morphological modifications associated to epithelial
dysfunction were analyzed by confocal microscopy
after fluorescent labeling of actin (phaloidin-TRITC)
and intercellular adhesion proteins such as E-cadherin,
p120ctn, occludin and ZO-1. The establishment of
mature adherens junctions (AJ) was monitored by
following the distribution of AJ proteins in lipid raft
fractions, after separation of cell lysates on sucrose
gradients. Finally, the mRNA and the protein expression
levels of characteristic markers of intestinal epithelial
cell (IEC) differentiation such as the transcriptional
factor krüppel-like factor 4 (KLF4) or the dipeptidyl
peptidase IV (DPPIV) were performed by RT-PCR and
western blot respectively. The specific activities of
DPPIV and alkaline phosphatase (AP) enzymes were
determined by a colorimetric method.

epithelial cell differentiation; Corticotrophin releasing
factor 2
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Stress is recognized to participate in the
development and/or aggravation of gastrointestinal
(GI) disorders mainly by altering intestinal epithelial
functions. This occurs partly through the deregulation
of neuromediator secretion, but their activity on
enterocyte differentiation remains not totally under
stood. We found that expression of corticotropin
releasing factor receptor 2 (CRF2), a stress ligand
receptor is inversely correlated to the differentiation
status of colon cell lines. We thus investigated the effect
of CRF2 signaling on intestinal epithelial differentiation
using Ucn3 agonist treatments applied to different
cancer cell lines that mimic this process. We identified
that CRF2 activation affect both the early steps of
differentiation and an established differentiated
state, by down-regulating transcription factors such
as krüppel-like factor 4. This effect is correlated with
alterations of epithelial permeability and cellular
adhesion junctions. Our results argue that CFR2induced alterations of enterocyte differentiation may
contribute to stress-mediated barrier dysfunction and
the development of GI disorders.
Ducarouge B, Pelissier-Rota M, Powell R, Buisson A, Bonaz B,
Jacquier-Sarlin M. Involvement of CRF2 signaling in enterocyte
differentiation. World J Gastroenterol 2017; 23(28): 5127-5145
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i28/5127.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i28.5127

RESULTS
CRF2 protein is preferentially expressed in undi
fferentiated epithelial cells from the crypts of colon and
in human colon carcinoma cell lines. Furthermore, CRF2
expression is down regulated according to the kinetic
of HT-29 cell differentiation. By performing functional
assays, we found that Ucn3-induced CRF2 signaling
alters both para- and trans-cellular permeability of
differentiated HT-29 and Caco-2 cells. These effects
are partly mediated by Ucn3-induced morphological
changes associated with the disruption of mature AJ
in HT-29 cells and tight junctions (TJ) in Caco-2 cells.
Ucn3-mediated activation of CRF2 decreases mRNA
and protein expression levels of KLF4 a transcription
factor involved in IEC differentiation. This signaling is
correlated to a down-regulation of key IEC markers
such as DPPIV and AP, at both transcriptional and posttranscriptional levels.

INTRODUCTION
The gut is composed of various cell populations
distributed in different layers. These cells contribute to
the intestinal epithelial homeostasis and function by
controlling epithelial permeability, intestinal secretory,
motor and immune functions. The intestinal epithelium
consists of a monolayer of cells, which borders the
lumen of the digestive tract and acts as a barrier
against antigenic stimuli of food, bacterial, viral and
parasitic origin. This organ is therefore the target of
permanent aggressions whose accumulations can
lead to a chronic inflammatory response favoring the
deregulation of the morphology and functions of the
intestine as it was observed in pathological disorders
[1]
such as inflammatory bowel disease (IBD) . In the
long run, IBD can induce further complications and
increase the risk of developing other pathologies
[2]
such as colorectal cancer (CRC) . Enterocytes, which
represent 80% of the cells forming this monolayer, are
specialized cells characterized by structural features

CONCLUSION
Our findings suggest that CRF2 signaling could modu
late IEC differentiation. These mechanisms could be
relevant to the stress induced epithelial alterations
found in inflammatory bowel diseases.
Key words: urocortin3; colon carcinoma cell lines;
intercellular adhesion complexes; cell permeability;
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including polarized morphology and a complex set of
cell-cell and cell-extracellular matrix (ECM) junctions.
Three types of junctional complexes mainly ensure
cell-cell adhesion: (1) tight junctions (TJ) composed of
transmembrane proteins (such as claudin, occludin),
which are linked to actin cytoskeleton (CSK) via scaffold
proteins like zona occludens (ZO); (2) adherens
junctions (AJ) which comprise E-cadherin connected to
actin CSK via catenin and regulated by p120 catenins
[3,4]
(ctn); and (3) desmosomes
and p120ctn regulate
AJ by controlling cadherin clustering, endocytosis and
[5]
stability as well as actin CSK anchorage .
In epithelial cells, assembly of adhesion complexes
occurs at the plasma membrane, where individual
proteins and lipids are known to be restricted to apical
and basolateral domains. Others and we have shown
that lipid rafts (LR) are specialized subdomains, highly
enriched in cholesterol and sphingolipids, which play a
role in the spatial organization and function of AJ and
[6,7]
TJ . As well as having a structural role, adhesion
complexes are also preferential sites for signal trans
duction which control multiple aspects of the cell’s
[8-10]
behavior, mainly proliferation and differentiation
.
Thus alterations of these signaling platforms may alter
the differentiation process during intestinal epithelial
renewal as well as during tumor development (review
[11]
by ). This has been particularly highlighted in the
intestinal epithelium by manipulating E-cadherin
[12]
function . The expression of E-cadherin protein is
decreased in invasive CRC, a process that correlates
[13]
with the acquisition of a mesenchymal phenotype .
Although each adhesion complex has its own particular
mechanism of formation, regulation and function,
theyall interact with one another through an extensive
communication and mutually influence each other’s
dynamics and signaling properties.
In the last decade, stress (from psychological
or environmental origins) has been recognized to
participate in the development and/or aggravation
of gastrointestinal (GI) disorders such as IBD or
[14,15-19]
CRC
. The effects of stress are mediated through
the secretion of specific stress neuromediators, such
as corticotropin releasing factor (CRF) or its analogs
[19]
Urocortin 2 and 3 (Ucn2/3) . These peptides act
through the activation of corticotropin releasing factor
receptors 1 and 2 (CRF1/CRF2), two class II G protein
[17]
coupled receptors (GPCR) with different affinities .
[20]
Ucn3 binds exclusively to CRF2 . The expression of
CRF receptors and ligands in the GI tract has been
[21]
investigated in rodents and humans (for review ).
In the colon, all the cells that compose the different
layers of the intestinal mucosa mostly express these
molecules indicating that the intestine is a target for
stress signaling. CRF receptors are primarily coupled
to Gαs and trigger cAMP formation via adenylyl cyclase
[18]
activation . This signaling pathway could participate in
the dissociation of intercellular adhesion complexes in
[22]
intestinal epithelial cells (IEC) . CRF receptors are also

WJG|www.wjgnet.com

able to activate the Src kinase by promoting its auto418[23]
phosphorylation on Y
. Activation of src kinase could
contribute to the opening of the intestinal barrier by
modulating the phosphorylation status of intercellular
[24]
junction proteins . We previously demonstrated that
CRF2 activation signals through the Src/ERK pathway
[25]
to modulate cell-cell junctions in CRC cell lines .
The digestive epithelium is a very dynamic tissue
that is constantly renewed. Indeed, it is fully re
generated within 3-5 d under normal homeostasis
and this process is even faster after injury. This
renewal is carried out by the stem cells located at
[26]
the bottom of the crypts . They first divide and
give rise to progenitors (transiently amplified cells),
which occupy most of the crypt, and then undergo
a final division before starting a maturation and
terminal differentiation program into either absorptive
enterocytes or the secretory lineages (goblet, entero
endocrine and paneth cells). Differentiation takes place
as the cells migrate in cohort along the crypt-villus axis
before dying by anoïkosis and finally exfoliated at the
tip of the villi in the small intestine. The mechanisms
that regulate cell proliferation in the crypt, migration
and differentiation of progenitor cells are partially
understood. It is recognized that these mechanisms
are based on fine spatio-temporal regulation of many
genes along the crypt-villus axis. This regulation
involves transcription factors (Cdx2, Hox, HNF, GATA4,
KLF4...) expressed under the control of growth factors,
hormones, cytokines but also by cell-cell or cell-ECM
[27,28]
interactions
. Similarly, reciprocal interactions
between the epithelium and the mesenchyme are
necessary for the morphogenetic and differentiation
processes that occur during organogenesis and
[29-31]
migration along the crypt-villus axis
. Furthermore,
IEC cell renewal and differentiation may also respond to
environmental conditions including luminal nutriments,
GI hormones and more recently psychological stress
[32-34]
such as maternal deprivation (MD)
. Indeed, the
CRF receptor signaling induced by MD markedly altered
the quantitative distribution of secretary cells (paneth
and goblet cells) of the intestinal epithelium, which
may contribute to the development of epithelial barrier
defects.
To date, the role of stress and its mediators on
enterocyte differentiation has not been investigated.
In the present study, our aim was first to characterize
the expression pattern of CRF2 in normal rat colon
epithelial cells and in human colon carcinoma cell
lines. This distribution led us to determine the role
of CRF2 signaling in the modulation of epithelial cell
permeability and enterocyte-like differentiation.

MATERIALS AND METHODS
Cell culture and animals

All cell lines used in this study are human colon cancer
cells. SW620, HCT8, HT-29 and Caco-2 cells obtained
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from the American Type Culture Collection (ATCC,
Manassas, VA, United States) were cultured at 37 ℃ in
a 5% CO2 atmosphere in DMEM media containing 25
mmol/L glucose (Invitrogen, Cergy Pontoise, France)
and supplemented with 10% fetal bovine serum
(Invitrogen), 5% penicillin and streptomycin. The cells
were harvested in phosphate-buffered saline (PBS)
supplemented with 1 mmol/L EDTA and 0.05% trypsin.
Cell differentiation: HT-29 cell differentiation
was initiated by replacing standard medium of 90%
confluent adherent cells by glucose-free DMEM
(InVitroGen) supplemented with 10% dialyzed fetal calf
serum, 5 mmol/L galactose, 15 mmol/L HEPES pH 7,
-2
selenous acid (10 g/ml), penicillin, and streptomycin.
This medium (Gal medium or differentiation medium)
was changed every day. Caco-2 cells differentiate
spontaneously when they reach confluence. The first
day of confluence was determined by phase contrast
microscopy and designated “day 0”. The medium was
changed every day.
Male Sprague Dawley rats, 250-300 g, were pur
chased from Charles River France. The animal protocol
was designed to minimize pain or discomfort to the
animals. The animals were acclimated to laboratory
conditions (23 ℃, 12 h/12 h light/dark, 50% humidity,
ad libitum access to food and water) for on week prior
to experimentation. They were sacrificed in agreement
with local ethic committee policies, by 40 mg/kg IP
injection of pentobarbital sodium and submitted to 200
mL intra-cardiac perfusion of NaCl 0.9%. Epithelial cells
were isolated from proximal colon section as previously
[35]
described by . Briefly, the tissue section was tied up
at one end, reverted and filled to distension with PBS
prior to closing the remaining open end. The section
is then incubated with shaking at 37 ℃ for 45 min in
2 mL of dissociating buffer (PBS containing 1 mmol/L
EDTA, 1 mmol/L dithiothreitol, pH 7.3) containing
protease inhibitor cocktail (Roche, Meylan, France).
Dissociated epithelial cells were collected after a
sedimentation step of 60 min and then harvested by
centrifugation at 1500 rpm at 4 ℃ for 5 min, snap
frozen in liquid nitrogen, and stored at -80 ℃.

stained for 1 h at 37 ℃ with primary antibody diluted
in blocking solution and then incubated with secondary
antibody coupled to Alexa 488 (1:500) for 45 min
at 37 ℃. Cells were washed three times in washing
buffer after each incubation with antibodies. Before
the last wash, nuclei were labelled during 5 min with
TO-PRO3 (Invitrogen). Coverslips were permanently
mounted with Mowiol (Calbiochem, France). Fluore
scence photomicrographs were taken using a confocal
laser-scanning microscope (Leica TCS SPE). Primary
antibodies were used at the following dilutions:
anti-CRF2 (1/200; Abcam 12964, Paris, France),
anti- human E-cadherin (1:500; HECD1, Takara
Biochemicals, Paris, France), anti-p120ctn (1:200,
Beckton Dickinson, France), and phalloidin-TRITC (25
ng/mL) (Sigma-Aldrich, L’Isle d’Abeau, France).

Protein extraction and Western blot analysis

For total protein extraction, cells were lysed with RIPA
buffer (1% Triton X-100, 1% sodium deoxycholate,
0.1% sodium dodecyl sulphate (SDS), 2 mmol/L
CaCl2 and MgCl2) supplemented with a mixture of
protease inhibitors (1:100, Roche, Meylan, France).
Protein concentrations in lysates were determined
using the copper reduction/bicinchoninic acid (BCA)
assay (Pierce Chemical Co) according to the manu
facturer’s instructions. Proteins (75 µg in Laemli
buffer containing 2-mercaptoethanol) were resolved
on 10% acrylamide gels, transferred onto activated
PVDF membranes (Ge HealthCare, Dutscher, France).
Membranes were first blocked in 5% fat-free dry
milk, 0.1% Tween 20 in PBS for 2h at RT. After
overnight incubation at 4 ℃ with primary antibodies
diluted in the blocking solution, blots were washed
3 times in PBS, 0.1% Tween 20, and then incubated
with appropriate horseradish peroxidase-conjugated
secondary antibodies (dilution of 1:30000, Jackson
Immunoresearch, Immunotech, Marseille, France) for
1 h at RT before extensive washes. Immunoblottings
were visualized by chemiluminescence (Amersham
ECL reagents) and revealed on hyperfilm ECL (Ge
Healthcare) and quantified with Image J software from
NIH. Primary antibodies were used at the following
dilutions: anti-CRF2 (1:1000), anti-villin (1:2000, gift
of Dr. Robin from Institute Curie, Paris, France), antihuman E-cadherin (1:1000), anti-p120ctn (1:1000),
anti-actin (1:100, Sigma-Aldrich), anti-DPPIV (1/1000,
BML SA-451 Enzo Life Science) and anti-KLF4 (1/500,
GENETEX).
Immunoblots shown are representative of at least
three independent experiments. All graphs represent
the mean value ± SEM of protein expression levels
measured by densitometric analysis with “Image J”
software (NIH). For quantification, the expression
level of each protein was normalized to actin for
each sample. In order to display a fold increase over
control, the relative expression of proteins in control
conditions was indexed to 1 for each of three repeated

Immunofluorescence microscopy

Rat proximal colons were collected, fixed overnight in
PFA 4%, sucrose 3% and cryoprotected 12 h in sucrose
30% until freezing in isopentane. Samples of 3 different
rats were embedded in Tissue-Teck OCT compound,
cryosectioned at 30 μm thickness and placed on
Superfrost plus slides for immunofluorescence (same
protocol as for cells - see below).
Cells grown on glass coverslips were fixed with 3%
(wt:vol) paraformaldehyde, 2% sucrose for 10 min
at 37 ℃, and further permeabilized with 0.5% Triton
X-100 in PBS for 15 min at room temperature (RT).
Cells were washed twice in PBS containing 0.05%
Tween 20, and blocked with 3% bovin serum albumin
diluted in washing buffer for 1 h at RT. Then cells were
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experiments.

France) according to the manufacturer’s instructions
and then run on a thermocycler (Eppendorf). Primer
sequences and probes are: KLF4 (Tm 56 ℃, 35 cycles),
forward: TGCTGATTGTCTATTTTTGCGTTTA, reverse:
GAGAAGAAACGAAGCCAAAACC; DPPIV(Tm 60 ℃,
35 cycles), forward: CCCGCGGCCTTTATAC, reverse:
GTGGTAAGACGGAGCCTGAC; AP (Tm 67 ℃, 35
cycles), forward: GCAACCCTGCAACCCACCCAAGGAG,
reverse: CCAGCATCCAGATGTCCCGGGAG; GAPDH (Tm
60 ℃, 25 cycles), forward: TCCTCCTGCGACAGTCA and
reverse: CACCACCTTCTTGATGTCATC. PCR conditions
were: 5 min at 92 ℃ followed by numbers of cycles
depending on the primers (40 s at 92 ℃, 40 s at Tm
and 1 min at 72 ℃) and 10 min at 72 ℃. PCR were
analyzed on 1% (w/v) agarose gel. Quantification was
performed using Image J (NIH software). GAPDH was
used as housekeeping gene.

Functional permeability assays

Paracellular permeability (FITC-dextran intake):
The paracellular permeability of early differentiated
HT-29 or differentiated Caco-2 cell monolayers was
assessed by determining FITC-dextran cell intake.
Cells were seeded in 24-MultiWell dishes and allowed
to differentiate 10 d in Gal medium. At day 10, 2
mL of medium containing FITC-dextran of 4 kDa
(2 mg/mL, Sigma-Aldrich) and 10 mmol/L HEPES
were put on the cultures. Subsequently, wells were
treated with or without 100 nmol/L Ucn3 (SigmaAldrich) and cells were replaced in a 37 ℃, 5% CO2
incubator. At scheduled times (10, 20, 30 and 40
min), FITC-dextran containing medium was removed
and cells were washed twice in cold PBS before lysis
in RIPA buffer. Measurements of fluorescence were
performed using the microplate reader PHERAstar
Plus (BMG LABTECH). Excitation wavelength: 485 nm
and emission wavelength: 520 nm. The background is
obtained by measurement of MH medium fluorescent.
These experiments were realized at least three times.
Measurement of transepithelial electrical resistance
(TEER): Cells were seeded in the top compartment
of a 24-multiwell insert plate (Corning PET) with 0.4
µm pore size and cultured until they reached their
differentiation state. In some experiments cells were
pretreated overnight with 1 mmol/L Astressin 2b (A2b,
Sigma-Alrich) before exposure or not to 100 nmol/L
[36]
Ucn3. TEER was measured as described previously
using a Millicell Electrical Resistance System (Millipore,
Bedford, MA, United States). TEER was calculated as
2
ohm times centimeter squared (Ω. cm ) by multiplying
it by the surface area of the monolayer. The TEER of
the polyester membrane in Transwells (approximately
2
30 Ω. cm ) was subtracted from all readings.

Enzymatic activity assays

Cells were suspended in lysis buffer (5 mmol/L Na2SO4,
1 mmol/L Tris/HCl, pH 7.6, supplemented with protease
inhibitor cocktail) and sonicated for 30 s at 4 ℃ (400
J/W s). Then the homogenate was centrifuged for 10
min at 1060 g. The supernatant was collected for the
enzymatic assays performed in microplate.
Alkaline phosphatase (AP) activity was measured
with 1, 5 or 10 µL of lysates containing approximately
2.5 µg/µL of proteins adjusted to 100 µL with reaction
buffer (50 mmol/L glycine pH 10.5, 0.5 mmol/L MgCl2,
5 mmol/L CaCl2 and 2 mmol/L ZnCl2). Then 100 µL
of substrate was added to each well (10 mmol/L
p-nitrophenylphosphate disodium salt (Sigma-Aldrich)
in reaction buffer). The plate was incubated for 2 h at
37 ℃ and stopped by the addition of 50 µL of 1 mol/L
NaOH. The production of p-nitrophenol was estimated
by measuring the optical density at 420 nm using the
microplate reader PHERAstar Plus (BMG LABTECH).
Dipeptidyl peptidase activity was determined
by the digestion of 50 µL of 3 mmol/L GlyPro-pnitroanilide (Sigma-Aldrich) prepared in previously
described reaction buffer by 50 µL of cell lysates for
30 min at 37 ℃. The reaction was stopped with 50 µL
of 0.1 mol/L sodium acetate and reaction products
were measured at 420 nm. Results are expressed as
enzyme activity in international units per milligram of
protein previously estimated by BCA assays (Pierce).
All experiments were performed in triplicates.

Isolation of LR

Briefly, post-nuclear supernatant from HT-29 cells was
solubilized in 1.5 mL of buffer A (25 mmol/L HEPES
pH 7.4, 150 mmol/L NaCl, 5 mmol/L EGTA, protease
inhibitors mixture) containing 1% Triton × 100 for 1
h at 4 ℃. Lysates were ultracentrifuged after mixing
with an equal volume of 80% sucrose in buffer A and
laid down at the bottom of a ultracentrifuge tube,
which was then overlaid with 6 mL of 38% sucrose
followed by 3 mL of 5% sucrose, all diluted in buffer A.
After centrifugation at 38000 rpm for 16 h in a SW41
rotor (Beckman Coulter) at 4 ℃, 1 mL fractions were
harvested from the top.

Statistical analysis

The statistical methods of this study were reviewed
by Jacques Brocard from the Grenoble Institute
of Neurosciences (INSERMU1216). Statistics were
performed using the Prism 5.0 software (GraphPad
Software, CA, United States). Throughout the study,
parametric 1way ANOVA tests followed by Bon
ferroni’s multiple comparison tests for selected data
have been performed as described. Note that for each
kind of experiment (Functional permeability assays;

RT-PCR and PCR

Total RNA extractions were performed using the
Nucleospin RNA kit (Macherey-Nagel, France) according
to the manufacturer’s instructions. Two micrograms of
total RNA was denaturized and subsequently processed
for reverse transcription using the M-MLV (Euromedex,
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densitometric analyses and enzymatic activity assays),
normality of distribution of all the measures was
verified with a D’Agostino-Pearson omnibus normality
test (not shown).

differentiation of colonic cancer cell lines suggest that
CRF2 agonist such as Ucn3 could act directly on IEC to
regulate their differentiation status and their function.
One important function of IEC such as enterocytes is to
perform an effective barrier to harmful macromolecules
and microorganisms while maintaining a selective
permeability for nutriments. To face this challenge, IEC
have developed two mechanisms: the management
of ion selectivity, nutriments and solutes occurs via
the para-cellular route crossing between the epithelial
cells, while large molecules such as antigens and
immunoglobulins pass through epithelial cells via the
[39]
trans-cellular route . We first analyzed the effect
of CRF2 signaling on the trans-cellular permeability
by measuring dextran-FITC (4 kDa) intake of earlydifferentiated HT-29 cells treated or not with 100 nmol/
L Ucn3 during 5 h (Figure 2A). In control conditions
the diffusion of dextran-FITC was stable during the
time course of the experiment. In contrast, treatment
with Ucn3 induced a two-fold increase in the release
of dextran-FITC intake indicating that CRF2 signaling
could increase the trans-cellular permeability (Twoway ANOVA, P < 0.01). Phase contrast microscopy
indicated the presence of refractile structures (diameter
comprised between 3 and 20 µm) in the cell monolayer
following Ucn3 treatment (Figure 2B). These structures
could be involved in the trans-cellular transport. To
further investigate this hypothesis we labeled fibrillar
actin with phalloidin-TRITC as a marker of intracellular
trafficking vesicles (vacuoles). As shown in Figure
2C, treatment of early-differentiated HT-29 cells with
Ucn3 (100 nmol/L, 2 h) favored the organization of
intracellular spheres (their membranes were evidenced
with phalloidin-TRITC) that co-localized with Differential
Interference Contrast (DIC) signal.
We next investigated the impact of CRF2 signaling
on para-cellular transport by measuring the TEER
of ten days confluent HT-29 monolayers (Figure
3A). While HT-29 cells did not form mature TJ until
a complete differentiation process (e.g., at day 50
in Gal medium), we observed an increase of 70%
in the TEER between undifferentiated and earlydifferentiated HT-29 cells suggesting that intercellular
adhesion complexes involved in the permeability are
functional (data not shown). At this stage, mature AJ
complexes participate both in cell permeability and
in the acquisition of TJ complexes since they are the
[40]
first adhesion complexes to be formed . In ten days
confluent HT-29 monolayers, treatment by Ucn3 (100
nmol/L) induced a transient and statistically significant
TEER decrease after 60 min that reverted within 300
min. This effect was strongly inhibited by Astressin
2b (A2b), a selective inhibitor of CRF2. As CRF2 signa
ling can modulate cell adhesion in adenocarcinoma
[25]
cell lines , and since intercellular junctions are
responsible of permeability, we investigated the
effect of Ucn3 on the localization of E-cadherin and
p120ctn, two major proteins of AJ complexes. Confocal
microscopy analysis showed that E-cadherin staining

RESULTS
CRF2 expression and localization in colonic epithelial
cells

CRF2 expression and localization in IEC is quite
[21]
controversial (for review ). Confocal microscopy
analyses performed on colonic section of SpragueDawley rats indicated that CRF2 is expressed at the
basal membrane of epithelial cells present in the
crypts (Figure 1A). CRF2 protein expression was
further confirmed by immunoblotting on dissociated
IEC (Figure 1B). CRF2 protein expression was also
observed in various epithelial derived carcinoma
cell lines (Figure 1C). However, our data indicated
that CRF2 expression seems to depend on the
differentiation status of the cell lines: CRF2 expression
is higher in less differentiated cell lines such as
SW620 or HCT8 compared to more differentiated
cell lines such as HT-29 or Caco-2. Furthermore,
the CRF2 expression is also inversely correlated to
E-cadherin expression in these cell lines. These data
have been confirmed by a correlation taking all values
2
independently (r = 0.8748, P < 0.0001). HT-29 and
Caco-2 were able to differentiate under specific culture
conditions. HT-29 cell differentiation is achieved by
switching glucose with galactose in culture medium (Gal
[37]
medium) . During the first ten days of culture in Gal
medium, which correspond to the initial step of HT-29
cell differentiation, cells undergo structural changes
(polarity and development of mature AJ) and start to
express some epithelial differentiation markers such
as digestive enzymes [AP, dipeptidyl peptidase IV (DPP
[38]
IV)…] . Acquisition of the epithelial phenotype takes
several days, and the highest degree of differentiation
has been found to be optimum after 50 d of culture
in Gal medium. To further confirm the correlation
between CRF2 expression and cell differentiation
status, we investigated the level of CRF2 expression
during the first ten days of HT-29 cell differentiation
(Figure 1D). Changes in the expression of the villin
protein (a calcium-regulated actin binding protein of
the brush border of IEC) were used as control of HT-29
cell differentiation. Western blot analysis indicated that
villin protein expression increased according to the
kinetic of culture in the differentiating medium, while
CRF2 protein expression decreased accordingly.
Taken together, our data suggest that CRF2
expression is associated to a poor differentiated status
of IEC.

CRF2 signaling alters the trans- and para-cellular
permeabilities

The presence of CRF2 at the basal membrane of
colonic IEC and its expression regulation during
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Figure 1 Corticotropin releasing factor receptor 2 expression in colonic epithelial cells. A: Confocal microscopy analysis of CRF2 protein expression (green) in
Sprague-Dawley rat proximal colon. Actin and nuclei are labeled by phaloïdin-TRITC (red) and Topro-3 (blue). Longitudinal profile (left panel) and transversal profile
(right panel) showing the crypts. Scale bar, 5 µm. Middle curves represent the means of fluorescence were measured according the basal-apical axis of epithelial
cells. Acquisitions were performed on a Leica TCS SPE confocal microscope (objective × 100); B: Upper panel: Phase contrast analysis of dissociated epithelial
cells from proximal colon of Sprague-Dawley rats. Scale bar, 5 µm. Lower panel: western blot detection of CRF2 expression in lysates of dissociated epithelial cells
from three different animals; C: Detection of E-cadherin and CRF2 protein expression by western blot in various human colon carcinoma cell lines. Actin served as a
loading control; D: Left panel: Detection of CRF2 and villin protein expression by western blot according to the kinetic of HT-29 cell differentiation. Actin served as a
loading control. Right panel: Quantification of CRF2 and villin protein levels from western blot analysis. Data were expressed as fold increase of CRF2 or villin/actin
protein levels of differentiated (D2, D4, D6, D8 and D10) vs undifferentiated cells (D0). Data represents means of three different experiments ± SEM, a,b,c,e,fP < 0.001
vs undifferentiated HT-29 cells (D0), d,gP < 0.01 vs D0. CRF2: Corticotropin releasing factor receptor 2.

appears as a honeycomb-like pattern at the membrane
cortex (Figure 3B, left panel). Membrane E-cadherin
staining is thickened and altered after 1 h and 2 h of
treatment with Ucn3, while after 5 h the E-cadherin
labeling seems to be restored. Similar results were
observed with p120ctn staining, which is in part at the
cell-cell contacts and some in the cytoplasm (Figure
3B, right panel). By stabilizing E-cadherin at the cell
membrane, p120ctn participates in the regulation of
[41,42]
E-cadherin function
. We have previously described
that mature AJ required the recruitment of proteins
[6]
in specific membrane domains called LR . We thus
examined the distribution of E-cadherin and p120ctn
in LR identified by flotillin marker, after protein
separation on sucrose gradient (Figure 3C). LR were
purified from undifferentiated HT-29 cells or HT-29
cells differentiated ten days in Gal medium and then
treated for 0, 2 h or 5 h with 100 nmol/L Ucn3. In
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all conditions tested, flotillin was found exclusively in
fractions 3 and 4 (F3-4), which confirmed the presence
of LR in those fractions. A small amount of flotillin was
found in fractions 11-12 of undifferentiated HT-29 cells.
In these cells, E-cadherin and p120ctn proteins are not
expressed in LR, but distributed in fractions 5 to 12
with a stronger expression in fractions 9 to 12 (Figure
3C, upper panel). In ten days differentiated HT-29
cells, we found E-cadherin and p120ctn expressed in
LR fractions at a level similar to fractions 5 to 8. The
expression of these proteins was greater in fractions
9 to 12. After 2 h of treatment of differentiated HT-29
cells with Ucn3, we observed a decrease of E-cadherin
and a loss of p120ctn expression in LR and fractions
5-6, while no changes were observed in fractions 9 to
12. Treatment for 5 h with Ucn3 induced a recruitment
of E-cadherin and p120ctn proteins in LR compared to
differentiated cells (fold increase of protein expression
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Interestingly, the recruitment of E-cadherin and
p120ctn in LR after 5 h of treatment with Ucn3 co
rrelated with the re-expression of AJ proteins at cellcell contacts and the restoration of permeability
efficiency. Taken together these results argue for a
role of CRF2 signaling in the disorganization of AJ
in early differentiated HT-29 cells which is probably
responsible for the damage of para- and trans- cellular
permeability.
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Since Caco-2 cells differentiate spontaneously into
enterocyte-like cells after reaching confluence, we used
these cells to evaluate the effect of CRF2 signaling
[43]
on IEC differentiation . At 21 d post-confluence,
Caco-2 cells are maximally differentiated into mature
absorptive epithelial cells, both phenotypically and
functionally. They form a polarized monolayer of cells
that: express microvilli at their apical pole, contain
digestive enzymes (such as disaccharidases or
peptidases) and establish intercellular contacts with
[44-46]
both mature AJ and TJ
. Therefore they constitute
a good model for observation of passive para-cellular
[47]
permeability
and analysis of IEC differentiation.
Prior to exploring the effect of CRF2 signaling on
cell differentiation we first checked the regulation of
cell permeability by Ucn3 in differentiated Caco-2
cells (Figure 4A and B). Regarding the trans-cellular
permeability, we found that as for HT-29 cells, the
diffusion of dextran-FITC was stable during the time
course of the experiment in untreated cells. However
the barrier formed by Caco-2 cells was more stringent
since a lesser intake of dextran-FITC is observed
compare to HT-29 cells in the same conditions. Treat
ment with Ucn3 induced a 35-fold increase in the intake
of dextran-FITC at 30 min indicating that CRF2 signaling
could increase the trans-cellular permeability (Figure
4A, two-way ANOVA, P < 0.001). Compared to HT-29
cells, in absence of Ucn3, TEER is also higher in Caco-2
cells suggesting more efficient intercellular complexes.
However, unlike HT-29 cells, Ucn3 treatment induced
a transient decrease of TEER after 120 min that was
not completely reverted within 300 min (Figure 4B).
Nevertheless, A2b treatment totally abolished the
Ucn3-mediated decrease of TEER confirming that CRF2
signaling alters intercellular junctions even in more
differentiated epithelial cells such as Caco-2 cells. To
confirm this hypothesis we examined the distribution
of intercellular junction proteins by confocal microscopy
(Figure 4C). We found that in 21-d differentiated Caco-2
cells, E-cadherin (AJ marker), occludin and ZO-1 (TJ
markers) labeling was mostly at the cell membrane, at
intercellular contacts. Following Ucn3 treatment (100
nmol/L, 2 h), the membrane labeling became punctuate
and sometimes disappeared (occludin) whereas
cytoplasmic labeling increased (E-cadherin and ZO-1).
Among the criteria of epithelial differentiation,

Ucn3 5 h
Apical

Figure 2 Corticotropin releasing factor receptor 2 signaling increases
trans-epithelial permeability in early-differentiated HT-29 cells. A: The
trans-cellular flux of dextran-FITC (4 kDa) was measured by spectrofluorimetry.
HT-29 cells were cultured during 10 d in Gal medium. After 5 h treatment or not
(untreated cells) with 100 nmol/L Ucn3, dextran-FITC was added at the apical
compartment. Then the green fluorescence incorporated in the cell monolayer
was measured after 10, 20, and 30 min. The release of fluorescence in the
basal compartment is associated to trans-cellular permeability. Ucn3 treatment
seems to increase transcellular transport in early-differentiated HT-29 cells.
Two-way ANOVA, P < 0.01; B: Phase contrast analysis of early differentiated
HT-29 cells exposed or not to Ucn3 (100 nmol/L). (Scale bar: 25 µm). Red
arrows indicate the formation of refractile structures inside the epithelial
monolayer; C: Confocal imaging from basal to apical poles of phaloidin-TRITC
labeling (upper panel) and Differential Interference Contrast (lower panel) of
early-differentiated HT-29 cells treated 2 h with 100 nmol/L Ucn3 (Scale bar: 10
µm). White arrows indicate refractile structures as observed before by phase
contrast microscopy, while yellow arrows show alterations in cell-cell contacts.
Acquisitions were performed on a Leica TCS SPE confocal microscope
(objective × 100).

to flotillin in LR: 5.7 and 3.5 respectively) as well as in
fractions 5 to 8. No differences in protein expression
for E-cadherin was observed in fractions 9 to 12 while
there was a slight decrease of p120ctn. The expression
of TJ proteins (ZO-1, claudins, occludins…) had also
been investigated in these gradients: their expression
was restricted to fractions 9-12 and no modifications
were observed in the different conditions studied (data
not shown).
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Figure 3 Corticotropin releasing factor receptor 2 signaling alters intercellular junction organization and increases para-cellular permeability in earlydifferentiated HT-29 cells. A: Early-differentiated HT-29 cells were pre-incubated with or without A2b (1 µmol/L) overnight before addition or not of Ucn3 (100 nmol/L).
Intercellular junction integrity was evaluated by measuring transepithelial electrical resistance (TEER). Values are means of 5 different experiments ± SEM. a,dP < 0.05
vs the three other groups, bP < 0.01 vs the three other groups and cP < 0.001 vs the three other groups; B: Early differentiated HT-29 cells were treated or not with 100
nmol/L Ucn3 before immunostaining for E-cadherin (left panels) and p120ctn (right panels). Bar is 5 µm. Images were acquired by confocal microscopy on a LEICA
TCS/SPE (objective × 100). Ucn3 treatment induces a time-dependent alteration of AJ protein localization; C: AJ proteins are associated with Flotillin-1 enriched LR
during HT-29 cell differentiation. Lysates from undifferentiated or early-differentiated HT-29 cells (10 d, D10) exposed or not to 100 nmol/L Ucn3 were fractionated
using a sucrose gradient. The presence of LR was assessed by western blot against Flotillin-1. Western blot analysis of Flotillin-1, E-cadherin and p120ctn protein
levels in LR under previously described conditions.

cell polarization and changes in gene expression are
mostly reported. It has been previously described that
intercellular complexes constitute a signaling platform
involved in the regulation of cell differentiation
by activating transcription factors responsible for
cell growth arrest and differentiation marker ex
[8,9,48,49]
pression
. Various transcription factors have
been identified as regulators of IEC differentiation
such as Cdx2, HNF4, GATA4 or Sox9. We focused
our experiment on the Krüppel-like factor 4 (KLF4),
a zinc-finger transcription factor that regulates a
range of biological processes, including cell growth,
[50,51]
differentiation and tumorigenesis
. Furthermore,
KLF4 expression appears to be antagonist of CRF2
expression in normal intestinal epithelium as well as in
CRC. Indeed, in normal intestine, expression of KLF4
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is associated with the terminally differentiated state of
epithelial cells near the luminal surface and of goblet
cells in the crypts, whereas KLF4 is down-regulated
[52-54]
in CRC
. It has also been shown to regulate IEC
morphology and polarity and has been identified as a
[53,55-57]
tumor suppressor
. To determine whether in vitro
model of differentiation recapitulate the pattern of KLF4
expression suggesting a role in cell differentiation, we
analyzed KLF4 mRNA and protein levels at different
time points during 21 d of culture of Caco-2 cells (Figure
5A and B) or 10 d of culture of HT-29 cells (Figure
5C and D). KLF4 mRNA transcript levels increased
according to the kinetic of differentiation and the
maximal level of KLF4 mRNA transcript was detected
at 21 d (2 fold increase compared to day 0) in Caco-2
cells and 10 d (3 fold increase compared to day 0) in
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regulation of KLF4 mRNA transcripts following acute or
chronic treatment. Regarding KLF4 protein levels, we
found that KLF4 protein expression increased according
to the kinetic of differentiation (Figure 5B and C); the
maximal level of KLF4 protein was detected at 21 d of
culture for Caco-2 cells (4.5 fold increase compared
to day 0) and 10 d of culture for HT-29 cells (2 fold
increase compared to day 0). Furthermore, in Caco-2
cells, Ucn3 reduced KLF4 protein enrichment at day
21 by 30% following acute treatment and totally
abolished KLF4 protein enrichment following chronic
treatment (Figure 5B). In HT-29 cells, Ucn3 totally
abolished KLF4 protein enrichment at day 10 following
acute and chronic treatments (Figure 5D).
Regulation of intestinal transcription factors has
been correlated with the expression of several markers
of mature epithelium at both the mRNA and protein
levels. We previously observed that CRF2 expression
is inversely correlated with villin during HT-29 cell
differentiation (Figure 1E). We next tested the effect
of CRF2 signaling on other characteristic markers
of differentiated enterocytes, including dipeptidyl
peptidase 4 (DPPIV) and the brush border enzyme
AP. At the transcriptional level, we found that DPPIV
and AP mRNA transcript levels increased according to
the kinetic of differentiation of the both cell lines. The
maximal level of DPPIV and AP mRNA transcript was
detected at 21 d in Caco-2 cells (respectively: 10 fold
and 6 fold increase compared to day 0) (Figure 6A,
left panel). In HT-29 cells, the maximal level of DPPIV
and AP mRNA transcripts was detected at 10 d (2 fold
increase compared to day 0 for each transcripts) (Figure
6A, right panel). In Caco-2 cells, Ucn3 reduced DPPIV
mRNA enrichment at day 21 by 50% following acute
treatment and totally following chronic treatment.
Acute treatment has very little effect on AP mRNA
transcripts while chronic treatment reduced by 40%
the level of AP mRNA transcripts. Once more, Ucn3
completely abolished the differentiation-mediated
up-regulation of DPPIV and AP mRNA transcripts
following acute or chronic treatment in HT-29 cells
(Figure 6A, right panel). We next analyzed the effect
of CRF2 signaling at the protein level in Caco-2 cells.
We observed a marked increase of DPPIV protein
expression, which coincided, with the kinetic of Caco-2
differentiation with a maximum at 21 d (6 fold increase
compared to day 0) (Figure 6B). The expression of
DPPIV protein in 21 d differentiated Caco-2 cells was
highly inhibited with both acute (56%) and chronic
(71%) exposure to Ucn3. Additionally, we looked at
the specific enzymatic activities of DPPIV and AP. In
line with the increase of DPPIV protein expression, we
found an increase in the specific enzymatic activities of
both DPPIV and AP during the time course of Caco-2
cell differentiation (Figure 6C and D). However, we
observed that only chronic exposure to Ucn3 reduced
both enzyme activities to their day 0 level, whereas
acute treatment with Ucn3 had only a little effect on
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Figure 4 Corticotropin releasing factor receptor 2 signaling increases
para-cellular permeability and alteration of adherens junctions and tight
junctions in spontaneously differentiated Caco-2 cells. A: The trans-cellular
flux of dextran-FITC (4 kDa) was measured by spectrofluorimetry. Caco-2 cells
were cultured 21 d after they reached confluence. After 5 h treatment or not
(untreated cells) with 100 nmol/L Ucn3, dextran-FITC was added at the apical
compartment. Then the green fluorescence incorporated in the cell monolayer
was measured after 5, 10, 20, 30 and 40 min. The release of fluorescence in the
basal compartment is associated to trans-cellular permeability. Ucn3 treatment
seems to increase transcellular transport in well-differentiated Caco-2 cells.
Two-way ANOVA, P < 0.001. B: Twenty-one days differentiated Caco-2 cells
were pre-incubated with or without A2b (1 µmol/L) overnight before addition
or not of Ucn3 (100 nmol/L). Intercellular junction integrity was evaluated by
measuring transepithelial electrical resistance (TEER). Values are means of 5
different experiments ± SEM. aP < 0.05 vs the three other groups, fP < 0.01 vs
the three other groups and b,c,d,eP < 0.001 vs the three other groups; C: Twentyone days differentiated Caco-2 cells were treated or not with 100 nmol/L Ucn3
before immunostaining for E-cadherin (upper panels), occludin (middle panels)
and ZO-1 (lower panels). Bar is 20 µm. Images were acquired by confocal
microscopy on a LEICA TCS/SPE (objective × 100). Ucn3 treatment induces a
time-dependent alteration of AJ and TJ protein localization.

HT-29 cells. However the basal level of KLF4 mRNA
transcripts was greater in Caco-2 cells compared to
HT-29 cells. We then analyzed the effect of Ucn3 on
KLF4 mRNA transcripts in 21 d differentiated Caco-2
cells or 10 d differentiated HT-29 cells either exposed
for 5 h at 100 nmol/L Ucn3 (acute treatment) or each
day of differentiation with 100 nmol/L Ucn3 (chronic
treatment). As shown in Figure 5A and C, Ucn3 com
pletely abolished the differentiation mediated up-
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Figure 5 Down-regulation of KLF4 mRNA and protein expression following corticotropin releasing factor receptor 2 signaling. A: Detection of KLF4 mRNA
expression by RT-PCR during the kinetic of Caco-2 cell differentiation and after acute (5 h) or chronic (every day) exposure to 100 nmol/L Ucn3 of 21 d differentiated
cells. GAPDH served as a housekeeping control. Quantification of KLF4 mRNA from RT-PCR assays (lower panel). Data were expressed as fold increase of KLF4/
GAPDH mRNA levels of differentiated (D7, D15, D21) vs undifferentiated cells (D0). Data represents means of three different experiments ± SEM. a,bP < 0.001 vs
undifferentiated Caco-2 cells (D0); cP < 0.001 vs differentiated Caco-2 cells (D21). B: Detection of KLF4 protein expression by western blot during the kinetic of
Caco-2 cell differentiation and after acute (5 h) or chronic (every day) exposure to 100 nmol/L Ucn3 of 21 d differentiated cells. Actin served as a loading control.
Lower panel: Quantification of KLF4 protein levels from western blot analyses. Data were expressed as fold increase of KLF4/actin protein levels of differentiated (D7,
D15, D21) vs undifferentiated cells (D0). Data represents means of three different experiments ± SEM. a,bP < 0.001 vs undifferentiated Caco-2 cells (D0); c,dP < 0.001
vs differentiated Caco-2 cells (D21). C: Detection of KLF4 mRNA expression by RT-PCR during the kinetic of HT-29 cell differentiation and after acute (5 h) or chronic
(every day) exposure to 100 nmol/L Ucn3 of 10 d differentiated cells. GAPDH served as a housekeeping control. Quantification of KLF4 mRNA from RT-PCR assays
(lower panel). Data were expressed as fold increase of KLF4/GAPDH mRNA levels of differentiated (D6 and D10) vs undifferentiated cells (D0). Data represents
means of three different experiments ± SEM. Data represents means of three different experiments ± SEM. aP < 0.001 vs undifferentiated HT-29 cells (D0); bP < 0.05
vs early differentiated HT-29 cells (D10), cP < 0.01 vs D10. D: Detection of KLF4 protein expression by western blot during the kinetic of HT-29 cell differentiation and
after acute (5 h) or chronic (every day) exposure to 100 nmol/L Ucn3 of 10 d differentiated cells. Actin served as a loading control. Lower panel: Quantification of KLF4
protein levels from western blot analyses. Data were expressed as fold increase of KLF4/actin protein levels of differentiated (D6 and D10) vs undifferentiated cells (D0).
Data represents means of three different experiments ± SEM. aP < 0.001 vs undifferentiated HT-29 cells (D0); b,cP < 0.001 vs early differentiated HT-29 cells (D10).

affecting intercellular complexes but also by regulating
gene and protein expression.

AP activity (Figure 6D, right panel).
Taken together these data indicate that CRF2
signaling may regulate IEC differentiation by modulating
the expression of transcriptional factors involved in the
regulation of characteristic markers of differentiated
enterocytes.

CRF2 expression in IEC and CRC cells

The CRFergic system is a central element of stress
response. The expression and regulation of CRF2
have been mainly described at the level of the enteric
nervous system (ENS), the enteric blood vessels and
[58]
the immune cells of the mucosa . Nevertheless,
studies have demonstrated its expression in the IEC,
particularly those localized in the upper region of the

DISCUSSION
In this study, we showed for the first time that CRF2
signaling might delay enterocyte differentiation either by
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Figure 6 Corticotropin releasing factor receptor 2 signaling alters expression of characteristic markers of enterocyte differentiation. A: Right panel:
Detection of DPPIV and AP mRNA expression by RT-PCR during the kinetic of Caco-2 cell differentiation and after acute (5 h) or chronic (every day) exposure to
100 nmol/L Ucn3 of 21 d differentiated cells. GAPDH served as a housekeeping control. Quantification of KLF4 and AP mRNA from RT-PCR assays (lower panel).
Data were expressed as fold increase of KLF4 or AP/GAPDH mRNA levels of differentiated (D7, D15, D21) vs undifferentiated cells (D0). Data represents means of
three different experiments ± SEM. a,cP < 0.01 vs undifferentiated Caco-2 cells (D0), d,eP < 0.001 vs D0, bP < 0.05 vs differentiated Caco-2 cells (D21), fP < 0.01 vs
D21, gP < 0.001 vs D21; Note that normality of distribution was not respected for DPPIV PCR. Left panel: Detection of DPPIV and AP mRNA expression by RT-PCR
during the kinetic of HT-29 cell differentiation and after acute (5 h) or chronic (every day) exposure to 100 nmol/L Ucn3 of 10 d differentiated cells. GAPDH served as
a housekeeping control. Quantification of DPPIV and AP mRNA from RT-PCR assays (lower panel). Data were expressed as fold increase of DPPIV and AP/GAPDH
mRNA levels of differentiated (D6 and D10) vs undifferentiated cells (D0). Data represents means of three different experiments ± SEM. Data represents means of
three different experiments ± SEM. a,dP < 0.01 vs undifferentiated HT-29 cells (D0); bP < 0.01 vs early differentiated HT-29 cells (D10), c,e,fP < 0.001 vs D10; B: Left
panel: Detection of DPPIV protein expression by western blot during the kinetic of Caco-2 cell differentiation and after acute (5 h) or chronic (every day) exposure to
100 nmol/L Ucn3 of 21 d differentiated cells. Actin served as a loading control. Right panel: Quantification of DPPIV protein levels from western blot analysis. Data
were expressed as fold increase of DPPIV/actin protein levels of differentiated (D7, D15, D21) vs undifferentiated cells (D0). Data represents means of three different
experiments ± SEM. aP < 0.01 vs undifferentiated Caco-2 cells (D0), b,cP < 0.001 vs D0, dP < 0.01 vs differentiated Caco-2 cells (D21), eP < 0.001 vs D21. C and D:
Detection of DPPIV (C) and AP (D) enzymatic activities during the kinetic of Caco-2 cell differentiation and after acute (5 h) or chronic (every day) exposure to 100
nmol/L Ucn3 of 21 d differentiated cells. Data were expressed as fold increase of enzymatic activities of differentiated (D7, D15, D21) vs undifferentiated cells (D0).
Data represents means of three different experiments ± SEM. For C: a,bP < 0.001 vs undifferentiated Caco-2 cells (D0); cP < 0.01 vs differentiated Caco-2 cells (D21).
For D: aP < 0.05 vs undifferentiated Caco-2 cells (D0), b,cP < 0.001 vs D0, dP < 0.05 vs differentiated Caco-2 cells (D21) and eP < 0.001 vs D21.
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[59]

crypts in the colon . However, the CRF2 receptor
localization remains unclear. The receptor may have
[59]
[60]
either apical
or basolateral location . Our confocal
microscopy experiments, carried out on tissue sections
but also on carcinoma cell lines, are in favor of a dis
tribution of CRF2 at the basal membrane of IEC in the
colon of Sprague Dawley rats and at the baso-lateral
membrane of early differentiated HT-29 cells (data
not shown) supporting the hypothesis of a localization
of CRF2 oriented to the mucosa. Such localization of
CRF2 could allow: (1) paracrine stimulation by the
ENS or by ligands produced by the immune cells; and
(2) autocrine stimulation by ligands produced by IEC
themselves.
The role of the components of the CRF system
in cancer is correlated with their level of expression
and also with their cellular distribution. Indeed, CRF
components are expressed and secreted by various
cancer cells but the cytoplasmic distribution of CRF2
observed in de-differentiated or metastatic tumors
was associated with diseases at a more advanced
[61-63]
stage
. Accordingly, our results describe aberrant
expression of CRF2 and ligands in both CRC tumors
and cell lines, depending on their grade and/or
differentiation status suggesting a role for CRF2 in the
[25]
loss of cellular organization and tumor progression .

as AJ and TJ in more differentiated cells. Indeed,
CRF2 signaling modifies the membrane distribution
of AJ and TJ proteins. According to the increase of
both E-cadherin and p120ctn in LR of HT-29 cells
during their early differentiation (from day 0 to 10)
our data are consistent with the previously described
[6,7]
role of LR in intercellular complex maturation
.
Treatment of these cells with Ucn3 (2 h) induced a
decrease of E-cadherin and p120ctn in LR. These
changes coincide with the decrease in TEER observed
in differentiated HT-29 cells after 2 h of treatment
with Ucn3, suggesting that the disorganization of AJ
following activation of CRF2 could be responsible for an
increase in intestinal permeability. Such alterations in
the distribution of proteins of intercellular junctions are
found in inflammatory models. Indeed, the presence of
TJ proteins is decreased in LR of IEC of rats subjected
[77]
to TNBS-induced colitis . The stimulation of CRF2
could promote the activation of Src, a kinase that is
[25]
strongly involved in the regulation of AJ . Src kinase
[78]
allows insertion of AJ by phosphorylation of PI3K .
Conversely, if AJ are already in place, phosphorylation
[79]
of Src leads to AJ destabilization by phosphorylation
[80]
of p120ctn , leading to endocytosis of E-Cadherin
which will then be ubiquitinylated and degraded by the
[81]
proteasome . These elements are consistent with
the disappearance of p120ctn and E-cadherin from
LR under Ucn3 treatment (2 h). At 5 h of treatment
with Ucn3, the expression profile of E-cadherin and
p120ctn in the different fractions of the gradient is
intermediate between that of the undifferentiated cells
(D0) vs the differentiated cells (D10). We suppose
that there is a membrane enrichment of E-cadherin
that could result from more active recycling, restoring
the AJ. Furthermore, the increase in the expression of
E-cadherin and p120ctn in fractions 5-6 and 7-8 could
illustrate newly formed junctions whose maturation
state is intermediate between untreated HT-29 cells
at D0 and D10. These results are also consistent with
the partial return of TEER to the level of HT-29 cells
treated with Ucn3.
The phenomena of pinocytosis and autophagy
involved in the internalization of the extracellular apical
medium, forming the vacuoles, could correspond
to the refringent zone observed in phase contrast
microscopy. These results are consistent with the
increase in HRP flux observed in different stress models
[69,82,83]
in animals
. The appearance of intracellular
vacuoles in the monolayer of differentiated HT-29
cells treated with Ucn3 could also contribute to the
increase in permeability. Furthermore, the persistence
of these structures after 5 h of treatment with Ucn3
while E-cadherin molecules accumulate in LR suggests
that independent mechanisms could contribute to
the increase in permeability. A similar phenotype
was observed in presence of forskolin, an activator of
adenylate cyclase (data not shown). This suggests that
AMPc production is involved in this mechanism. CRF2

Role of CRF2 signaling in epithelial permeability

Stress causes disruption of intestinal epithelial barrier
homeostasis, leading to worsening of GI disorders
[18,64,65]
such as IBD and irritable bowel syndrome (IBS)
.
Changes in intestinal mucosa permeability have
been attributed to an alteration of junctional mole
cules, whose expression is affected by the actively
inflamed status in IBD or IBS patients, in particular
the expression of ZO-1, occludin, E-cadherin and
[66]
desmoglein-2 . To understand the role of the
CRFergic system in the regulation of intestinal home
ostasis, approaches have been developed based
either on the inhibition of ligands or the inhibition of
receptors, via genetic or pharmacological extinction
or via administration of peripheral CRF or various
[19,67-72]
CRF antagonists
. Stress-induced modulation
of colonic permeability seems to be either CRF1- or
CRF2- dependent. This modulation has been attributed
to eosinophils or ENS-derived CRF which activate mast
cells that in turn induce TNFα and protease release
[73-75]
as well as finally disruption of TJ
. Therefore,
very few studies have investigated the activation of
CRF2 in IEC, whose expression is increased under
[60,76]
inflammatory conditions in patients with IBD
or
under stressful conditions (personal data). Our results
show that the increase in intestinal permeability
induced by Ucn3 is due to CRF2 signaling since the
effect was abolished by a pre-treatment with Astressin
2B, a CRF2 antagonist. The increase in both paraand trans-cellular permeabilities is correlated with an
alteration of intercellular adhesion complexes such
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activation in IEC could also lead to an AMPc-mediated
increase in trans-cellular permeability.

metalloprotease secretion and laminin 332 deposit
[25]
(
and unpublished data). The role of ECM in the
reinforcement of E-cadherin-dependent signaling
[91]
has been previously described in Caco-2 cells .
Activation of integrins, which occurs after Caco-2
cells are cultured on complex ECM stimulates the
expression of apolipoprotein A IV, a marker of IEC
differentiation. Similarly, laminin 111 isoform induces
the expression of the sucrase-isomaltase in Caco-2
cells, together with the nuclear shuttling of nucleolin,
[92]
a transcriptional regulator . This process requires
the activation of the p38/MAPK signaling pathway, a
cascade known to activate the Caudal type homeobox
2 (Cdx2) protein, a key intestinal transcription factor
[93]
involved in intestinal epithelial differentiation . In
contrast, laminin 332 expression is more associated
with inflammation processes such as the restitution of
[94]
inflamed epithelium but also tumor invasion .
KLF4 is a zinc finger transcription factor enriched
[95]
in the intestinal epithelium . Based on in situ and
immunohistochemical experiments, KLF4 localizes
to the upper region of the colonic crypt and the villi
of small intestine, its expression increases during
differentiation along the crypt-villus axis and during
intestinal cell maturation in vitro of either the
[54]
absorptive or the goblet cell lineage . Furthermore,
KLF4 is down-regulated in CRC and has been proposed
[53,56,73,96-99]
as a tumor suppressor
. KLF4 exhibits an
expression pattern similar to APC, a negative regulator
[100]
of the Wnt pathway
. We confirmed an increased
expression of KLF4 in colonic tumor epithelial cells
during their differentiation at both transcriptional
and post-transcriptional levels. However, we found
that CRF2 activation by Ucn3 decreases the mRNA
and protein expression of KLF4 in differentiated
HT-29 and Caco-2 cells, suggesting that stress may
regulate intestinal homeostasis by controlling trans
cription factor expression. Along these lines, it has
been demonstrated that WAS reduces goblet cell
number and mucin 2 synthesis via decreased Cdx2
[101]
expression
. Since KLF4 expression is dependent
of Cdx2 in human colon cancer cells, our findings are
[73]
consistent with these reports . KLF4 regulates both
differentiation and growth which is likely fundamental
for maintenance of intestinal homeostasis and for its
[102]
tumor suppressor activity
. In this regard, KLF4
transcriptional targets are involved in cell differentia
tion such as genes coding for laminin 111, AP and
[103,104]
villin
. The Ucn3-mediated down-regulation of
KLF4 in differentiated Caco-2 cells may result in the
decrease of DPPIV and AP activities. The mechanism
by which CRF2 activation regulates intestinal home
ostasis remains unknown. Many observations are
in favor of an indirect effect of CRF2 action on KLF4
expression: (1) KLF4 expression increases during the
process of cell differentiation whereas CRF2 expression
decreases; (2) KLF4 expression is transcriptionally
regulated during cell differentiation in both cell lines;

Regulation of enterocytic differentiation by CRF2

Gland atrophy and mucin depletion have been
[84,85]
observed during chronic colitis
. Knowing the
protective function of mucins in the epithelial barrier,
it seems likely that in response to the inflammation
induced by crypt epithelial damage and ulceration,
the epithelium responds by increasing proliferation
[86]
[34]
and thus, reducing differentiation . Estienne et al
showed that activation of CRF1 and CRF2 induced by
MD markedly induce alterations in the differentiation of
IEC resulting in a hyperplasia of enteroendocrine cells
and depletion of Paneth and Goblet cells, which may
lead to the development of an epithelial barrier defect.
The decrease does not exceed the duration of the cell
population renewal of the epithelium suggesting that
in order to induce a long-term effect, CRF signaling
must affect stem cells. Analyzing various characteristic
markers of IEC differentiation, we demonstrate that
CRF2 signaling could also affect enterocyte-like
differentiation of human adenocarcinoma cell lines. AJmediated signaling is linked to activation of Wnt, PI3K/
Akt and FGF pathways that are particularly important
[87-89]
in intestinal cell proliferation and differentiation
.
Recurrent alteration of AJ may decrease the acti
vation of the signaling pathways necessary for the
progression of enterocyte differentiation. Indeed,
chronic administration of Ucn3 during differentiation
delays the increase in DPPIV and PA activity found
in differentiated Caco-2 cells. Regulation of DPPIV
activity is correlated with a down-regulation of DPPIV
protein expression following Ucn3 exposure. As it
might be expected, the exposure to chronic Ucn3
compared to a single exposure (acute stress) has
more severe consequences on enzyme activities. In
vivo, the alteration generated by an acute stress does
not exceed 5 d or the time of the cellular renewal of
the intestinal epithelium. In these experiments, the
colonic epithelial barrier is morphologically altered,
the expression of mRNAs coding for the TJ proteins
is reduced and the differentiation of the colon cells
[68]
is modified . The use of chronic stress (5-10 d of
repeated exposure to stressors) is thought to reflect
more accurately the daily stressors of humans. Indeed,
the exposure to chronic water avoidance stress (WAS)
leads to enhanced ultrastructural abnormalities in the
epithelium, characterized by reduced crypt length
(caused by increased apoptosis) and increased cell
proliferation, in an attempt to replace damaged cells
and decrease cell differentiation. The presence of
undifferentiated cells within the epithelium may be
[90]
responsible for the lackiness of the epithelial barrier .
Another way by which Ucn3 could affect enterocyte
differentiation is by modulating ECM proteins. Indeed,
we found that exposure of HT-29 cells to Ucn3 induced
remodeling of ECM components by regulating both
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and (3) KLF4 expression is increased with the establish
ment of mature intercellular junctions. One possible
mechanism is that by dissociating intercellular junc
tions Ucn3-mediated activation of CRF2 signaling
could indirectly regulate KLF4 expression at both
transcriptional and post-transcriptional levels. Indeed,
we have found that CRF2 signaling induces an alteration
of AJ, a process associated with the delocalization of AJ
proteins. Release of β-ctn from AJ complexes leads to
the transcriptional activity of β-ctn/Tcf signaling which
plays a crucial role in homeostasis and transformation
[10,105]
of the intestinal mucosa
. Furthermore, it has been
proposed that elevated β-ctn/Tcf signaling reduces
[54]
levels of KLF4 . We observed that Ucn3-mediated cell
dissociation is associated with nuclear translocation of
β-ctn (data not shown). The decrease in expression
of KLF4 following activation of CRF2 could therefore
induce: (1) an increase in proliferation; (2) an altered
intestinal epithelial differentiation; (3) a loss of mucus
cells causing a large decrease in mucus and thus leading
to mechanical (by chyme) and chemical (by digestive
juices) changes in the epithelium; (4) an impairment of
the release of defenses promoting bacterial proliferation;
and (5) an epithelio-mesenchymal transition at the
origin of tumor development.
In conclusion, we showed that CRF2 signaling
induces alterations in both the epithelium permeability
and the differentiation of colonic carcinoma cell lines.
To our knowledge, this is the first report showing
that CRF2 signaling modifies the enterocyte-like
differentiation process. On one hand, by altering the
differentiation of enterocyte cells, stress could lead
to the development of epithelial barrier defects and
alterations of mucosal function, contributing to the
enhancement of GI disorders. On the other hand,
by altering the differentiation status of cancer cells,
stress may contribute to tumor development. CRF2
could therefore play a role in tumor progression by
loss of cellular contacts, increased cell permeability and
decreased KLF4 expression.

mesenchymal transition-like process. These observations led us to investigate
the role of CRF2 signaling in the modulation of epithelial permeability and
enterocyte-like cell differentiation.
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Research frontiers

Patients with IBD often suffer from intestinal inflammatory flares that favor the
development of colitis associated cancer. Stress could favor the development
and/or aggravation of GI disorders by inducing flares. However the mechanisms
involved in this process are still poorly understood, but are mainly associated
with epithelial barrier dysfunction.

Innovations and breakthroughs

The authors’ results reinforce the role of stress in the development and/or
aggravation of GI disorders. While stress has been described to modulate
the fate of secretory epithelial cells, its role on enterocyte differentiation
remains unknown. New findings from our work indicate that: (1) CRF2
protein is preferentially expressed in undifferentiated epithelial cells from the
crypts of colon and in human cell lines; (2) Ucn3-mediated CRF2 signaling
alters enterocyte differentiation by down-regulating KLF4 transcription factor
expression; (3) this effect relies on alterations of cell permeability and cellular
adhesion junctions; and (4) the effect on cell differentiation is greater following
chronic exposure to Ucn3 rather than acute exposure. The impact of stress on
enterocyte differentiation may contribute to barrier dysfunction and development
of GI disorders.

Applications

To our knowledge, this is the first report showing that CRF2 signaling modifies
the enterocyte-like differentiation process. On one hand, by altering the
differentiation of enterocyte cells, stress could lead to the development of
epithelial barrier defects and alterations of mucosal function, contributing to
the enhancement of GI disorders. On the other hand, stress-induced loss of
cellular differentiation favors tumor initiation and progression. Thus a better
understanding of the underlying mechanisms associated with stress will
propose new therapeutic targets.

Terminology

The CRFergic system is a central element of the stress response constituted
of specific stress neuromediators, such as corticotropin releasing factor or its
analogs urocortins (Ucn 1, 2 and 3) and their receptors CRF1 and CRF2.

Peer-review

This manuscript demonstrated that Ucn3-induced CRF2 signaling could
modulate intestinal epithelial cell differentiation and epithelial cell permeability.
The authors found CRF2 was associated with a poor differentiated status of
IEC. Then, they proved CRF2 signaling altered the trans- and para-cellular
permeability, and delayed colonic cell differentiation. In general, the work would
be potentially useful to reveal the roles of CRF2 signaling in tumor progression.
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has been described to alter intestinal barrier integrity and function. Furthermore
stress neuromediators, such as urocortins (Ucn 2/3) and their receptor
the Corticotropin Releasing Factor 2 (CRF2) were upregulated in poorly
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Abstract
AIM
To evaluate the therapeutic effects of bone marrow+
+
derived CD11b CD14 monocytes in a murine model of
chronic liver damage.
METHODS
Chronic liver damage was induced in C57BL/6
mice by administration of carbon tetrachloride and
ethanol for 6 mo. Bone marrow-derived monocytes
isolated by immunomagnetic separation were used
for therapy. The cell transplantation effects were
evaluated by morphometry, biochemical assessment,
immunohistochemistry and enzyme-linked immuno
sorbent assay.

INTRODUCTION
Abuse of alcohol, infections caused by hepatitis viruses
B and C, and nonalcoholic steatohepatitis (NASH)
[1]
are the main causes of liver tissue damage . These
risk factors can lead to focal or diffuse hepatocellular
degeneration and necrosis. Persistent inflammatory
stimulus in the liver can induce the formation of
fibrous tissue, and ultimately lead to the development
[2]
of liver cirrhosis . Hepatic stellate cells (HSCs) play
an important role in liver fibrogenesis because they
are the main source of secreted extracellular matrix
[3]
(ECM) components . When severe liver damage
occurs, HSCs are activated, mainly by the action
of transforming growth factor-beta (TGF-β), tumor
necrosis factor-alpha (TNF-α) and reactive oxygen
species (ROS) produced by damaged hepatocytes or
[4]
liver-resident macrophages .
The ECM components comprise various types
[5]
of proteins, including osteopontin (OPN) , a proinflammatory cytokine that modulates the profibrogenic phenotype of HSCs and is involved in many
physiological and pathological processes, including
[5,6]
inflammation, fibrosis and angiogenesis . OPN has
also been described as a mediator induced by the
Hedgehog pathway and plays an important role in
the repair of acute and chronic liver damage, both in
[7,8]
humans and experimental models .
The remodeling of fibrous tissue is a complex
mechanism by which multiple cell types, capable of
producing molecules such as matrix metalloproteinases
(MMPs) and tissue inhibitors of metalloproteinases
(TIMPs), play an important role in the synthesis and
[9]
degradation of the ECM . In chronic liver damage, the
establishment of hepatic fibrosis is directly related to
[10]
MMP/TIMP imbalance , thereby showing that MMPs
[11]
and TIMPs may be potent therapeutic targets .
Although important advances in the knowledge of

RESULTS
+
+
CD11b CD14 monocyte therapy significantly reduced
liver fibrosis and increased hepatic glutathione levels.
Levels of pro-inflammatory cytokines, including
tumor necrosis factor-α, interleukin (IL)-6 and IL1β, in addition to pro-fibrotic factors, such as IL-13,
transforming growth factor-β1 and tissue inhibitor of
metalloproteinase-1 also decreased, while IL-10 and
matrix metalloproteinase-9 increased in the monocyte+
+
treated group. CD11b CD14 monocyte transplantation
caused significant changes in the hepatic expression of
α-smooth muscle actin and osteopontin.
CONCLUSION
Monocyte therapy is capable of bringing about
improvement of liver fibrosis by reducing oxidative
stress and inflammation, as well as increasing antifibrogenic factors.
Key words: Monocytes; Bone marrow mononuclear
cells; Cell therapy; Macrophages; Glutathione; Liver
fibrosis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Chronic inflammation is now recognized as
a central player in the development of liver fibrosis.
Studies have shown that activated macrophages
establish a link between chronic inflammation and
fibrosis in various organs. The present study evaluated
the therapeutic effects of bone marrow-derived
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+

CD11b CD14 monocytes in a murine model of liver
damage. The results show that mice with transplants
had improvement of liver fibrosis by way of a reduction
in oxidative stress and inflammation and an increase
in anti-fibrogenic factors. The study demonstrates the
beneficial effects of cellular therapy in liver fibrosis and
also reports on the important modulatory mechanisms
involved.

Pernambuco 50740-465, Brazil. sheilla@cpqam.fiocruz.br
Telephone: +55-81-21012581
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chronic liver diseases have been made, the existing
treatments are still limited. New, more effective and
less invasive therapeutic strategies are therefore
needed. In this context, several studies of regenerative
medicine have demonstrated the potential of cell
therapy as a promising emerging treatment for liver
[12]
diseases
and various cell populations have been
[12,13]
investigated to this end
. Bone marrow mono
nuclear cells (BMMCs) have shown promising results
[14]
[15,16]
in both experimental
and clinical
studies.
Previous studies of experimental models of liver
injury have demonstrated that cell therapy is able to
[17]
[14]
decrease mortality and levels of hepatic fibrosis ,
[18]
improve biochemical parameters , increase MMP-9
[19]
[20]
expression , and reduce levels of TGF-β1
and
[14]
galectin-3 expression .
Identifying which components of the BMMC
population are responsible for the beneficial effects
of cell therapy is extremely important for clinical
application. Recent studies have reported that
monocytes may have important therapeutic potential
[21,22]
in chronic liver diseases
. These cells are the
precursors of the heterogeneous macrophage
population involved in liver repair responses. In the
liver, macrophages perform various functions, such
as phagocytosis and cytokine production, which are
important in the inflammatory response to damage,
[23,24]
liver fibrosis and degradation of ECM
. In vitro
assays have shown that monocytes maintained in
culture supplemented with hepatocyte growth factor
exhibited similar behavior to those hepatic cells
[21]
obtained from the liver culture . One preclinical
study has shown that cellular therapy with cultured
macrophages decreases murine liver fibrosis and this
is followed by changes in the levels of some mediators
[22]
involved in liver repair .
Although these findings are of great importance,
information about the functions of monocyte/macro
phage cell lineages in cell therapy for liver diseases is
still limited. The present study evaluated the therapeutic
potential of bone marrow-derived monocytes in a
murine model of chronic liver damage induced by
carbon tetrachloride (CCl4) and ethanol.

to food (Nuvilab, Curitiba, Paraná, Brazil) and water.
Experimental procedures were in accordance with the
ethical standards of the Oswaldo Cruz Foundation and
approved by the Ethics Committee for the Certified Use
of Animals (CEUA-CPqAM 15/2011).

Chronic liver damage and experimental design

Chronic liver damage was induced in the mice by
orogastric administration of 200 µL of 20% CCl4 solution
[14]
diluted in olive oil, in twice weekly doses . The mice
also received a 5% ethanol solution in water ad libitum.
CCl4 treatment was carried out for 6 mo. The mice
were randomly divided into four experimental groups
with chronic hepatic damage: Group Ⅰ: Control mice
(normal mice) (n = 5); Group Ⅱ: Saline-treated mice
(n = 5); Group Ⅲ: Mice treated with BMMCs (n = 5);
Group Ⅳ: Mice treated with BMMC-derived monocytes
(n = 5).

Isolation of BMMCs and monocytes

Bone marrow was harvested from the femurs and
tibiae of donor C57BL/6 mice (n = 15) and BMMCs
were purified by centrifugation in a Ficoll gradient
(Histopaque 1119 and 1077; Sigma Aldrich, St Louis,
MO, United States) at 1000 × g for 15 min. This protocol
facilitates the rapid recovery of viable BMMCs using
two ready-to-use separation mediums in conjunction.
The BMMC preparation was used to isolate monocytes
by way of the immunomagnetic cell separation system.
7
For this, the BMMCs (approximately 10 cells/mL) were
incubated with anti-CD11b antibodies conjugated to
magnetic microbeads (MACS units; Miltenyi Biotec™,
Bergisch Gladbach, Germany), washed and passed
through a magnetic column (MACS; Miltenyi Biotec™),
+
where CD11b monocytes were retained and recovered
in a buffer [0.5% PBS/0.5% bovine serum albumin
(BSA) + 2 mmol/L EDTA]. Finally, the cells were washed
and re-suspended in 0.9% sterile saline, which was
later infused into the mice.

Cell characterization

The BMMCs and monocytes obtained by immuno
magnetic separation were first incubated with AntiCD11b (PE Rat Anti-Mouse CD11b, M1/70 clone, BD
Pharmingen™, San Jose, CA, United States), AntiCD14 (FITC Rat Anti-Mouse CD14, rmC5-3 clone; BD
Pharmingen™), Anti-CD45 (APC Rat Anti-Mouse CD45,
30-F11 clone; BD Pharmingen™), Anti-CD34 (PE Rat
Anti-Mouse CD34, RAM34 clone; BD Pharmingen™) and
Anti-Ly6A (FITC Rat Anti-Mouse Ly-6A/E, D& clone; BD
Pharmingen™). After 30 min of incubation, cells were
washed with 2 mL of PBS wash solution (PBS with 0.5%
BSA + 0.1% sodium azide), centrifuged at 400 × g for
5 min and then resuspended in 300 µL of the PBS wash
solution.
The samples were then phenotypically characte
rized by flow cytometry (FACS Calibur; BD Biosciences,
San Jose, CA, United States). A minimum of 10000
events/sample were collected. The cell population

MATERIALS AND METHODS
Animals

Male C57BL/6 mice (4-6 wk of age), weighing 20-23
g were obtained from the Animal Breeding Center
Laboratory Fundação Oswaldo Cruz (FIOCRUZ, Rio de
Janeiro, Rio de Janeiro, Brazil), and housed in the animal
research facility in the Aggeu Magalhães Research
Center (CPqAM; FIOCRUZ, Recife, Pernambuco, Brazil).
The animal protocol was designed to minimize pain
or discomfort to the animals, which were maintained
in rooms with a controlled temperature (22 ± 2 ℃)
and humidity (55% ± 10%) environment under
continuous air renovation conditions. Animals were
housed in a 12-h light/12-h dark cycle and free access
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Figure 1 Representative FACS histograms of bone marrow mononuclear cells and CD11b+ monocytes isolated by immunomagnetic separation. BMMCs:
Bone marrow mononuclear cells.

Processing System Leica QWIN, version 2.6 MC (Leica,
Cambridge, United Kingdom). Ten microscopic fields
(100 × magnification) containing fibrous tissue areas
were chosen for quantification. To detect and quantify
Kupffer cells, the histological sections were stained
with hematoxylin and eosin (H&E) and observed under
an optical microscope (DM LB 2; Leica Microsystems).
The cell counts were performed in 10 fields/sections
(400 × magnification).

obtained by immunomagnetic separation presented
+
the following phenotype distribution: 99.12% CD11b ;
+
+
+
97.99% CD14 ; 98.3% CD45 ; 1.36% CD34 ; and
+
1.81% Ly6A cells; differing from those of BMMCs,
+
+
which were: 58.3% CD11b ; 47.76% CD14 ; 79.4%
+
+
+
CD45 ; 3.6% CD34 ; and 13.55% Ly6A cells.
These distinctive profiles demonstrated enrichment
of homogeneous monocytes population in our cell
preparation. Figure 1 shows representative FACS
+
histograms of BMMCs and CD11b monocytes isolated
by immunomagnetic separation.

Hydroxyproline (Hyp) assay

Liver samples (approximately 200 mg) were immersed
in 6N HCl at approximately 120 ℃ for 18 h, followed
by filtration. The hydroxyproline (Hyp) concentration
was determined by a colorimetric assay at 558 nm as
[25]
previously described and expressed as nmol/g liver.

Cell infusion in mice with chronic liver damage

At 6 mo after treatment with CCl4/ethanol, bone
+
+
marrow-derived CD11b CD14 monocytes and BMMCs
6
were administered endovenously to the mice (10
cells/animal) for 3 consecutive wk. At 2 mo after
transplantation, mice were euthanized and the liver
and the spleen were extracted for further analysis
(Figure 2).

Immunohistochemistry analysis

Immunohistochemistry was carried out to evaluate
the activated HSCs (alpha-smooth muscle actin,
α-SMA) and OPN. To stain α-SMA, liver sections (5 μm)
were initially deparaffinized with xylene, dehydrated
in increasing concentrations of ethanol, incubated
overnight with biotinylated antibody anti-α-SMA (Santa
Cruz Biotechnology, Dallas, TX, United States), and
then incubated with streptavidin-peroxidase for 10
min. For OPN staining, the samples were incubated
overnight with primary anti-OPN antibodies (AF808;
R&D Systems, Minneapolis, MN, United States),
[5]
as previously described . Thereafter, a secondary

Morphometric evaluation

In order to characterize and quantify liver fibrosis,
treated and non-treated samples were fixed for 24
h in 10% formalin, embedded in paraffin, sectioned
(5 µm) and stained with picro-Sirius. Images were
obtained using an optical microscope (DM LB 2;
Leica Microsystems, Wetzlar, Germany) equipped
with a JVC TK (model - C 1380; Leica, Allendale, NJ,
United States) and analyzed using the Image Analysis
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Figure 2 Schematic flowchart of experimental design. A: Male C57BL/6 mice underwent chronic administration of CCl4 and EtOH solutions for 6 mo; B: Bone
marrow mononuclear cells were harvested from C57BL/6 donor mice for CD11b+ monocyte isolation using immunomagnetic separation; C: Chronically liver-damaged
mice underwent cell therapy; D: After 2 mo, effects of the treatment were evaluated using morphometric, biochemical, immunohistochemistry and sandwich ELISA
analysis.

antibody bound to a synthetic polymer conjugate
with peroxidase (horseradish peroxidase, HRP). 3,3’
diaminobenzidine was used for staining. The sections
were counterstained with Harris hematoxylin. The
staining was measured in 10-fields/sections (200 ×
magnification) using the Image Analysis Processing
System Leica QWIN, version 2.6 MC.

obtained from mice used in the study, as previously
[26]
described . The cytokine concentration was expressed
in pg/mL.

Statistical analysis

Quantitative data were submitted to the normality test
(Shapiro-Wilk’s). Differences were evaluated using the
ANOVA test for parametric analysis, and the KruskalWallis test with post-hoc Dunn’s test for non-parametric
analysis. Statistical analyses were performed using
Prism Software (version 5.0; GraphPad Software, San
Diego, CA, United States) and Bioestat 5.3 (Mamirauá
Institute, Manaus, AM, Brazil). A P value of < 0.05 was
considered statistically significant. Data were expressed
as mean values (mean ± SEM).

Glutathione measurement

To evaluate oxidative stress, the amount of glutathione
(GSH) was quantified using liver fragments from mice
submitted to the cell therapy and those that were not.
The liver fragments were weighed, macerated in 5%
metaphosphoric acid solution and centrifuged at 12000
× g at 4 ℃ for 10 min. GSH was detected using the
Glutathione Assay Kit (Sigma Aldrich) and measured
with a microplate reader at 415 nm (BioRad, Hercules,
CA, United States).

RESULTS
Monocyte therapy alters hepatic fibrosis

Enzyme-linked immunosorbent assay

Morphometric analysis, 2 mo after therapy, showed
a significant decrease in fibrotic areas in the liver
+
+
from CD11b CD14 in the monocytes-treated group
compared to the saline-treated group (P < 0.001;
Figure 3B, D and E). This decrease was also found
in mice treated with BMMCs (P < 0.05; Figure 3B, C
and E). A marked reduction in the amount of Hyp was
also observed in the group that received monocyte
treatment (P < 0.01; Figure 3F). The number of
Kupffer cells significantly increased in the monocytetreated (P < 0.001) and BMMC-treated (P < 0.01)
groups, when compared to the saline-treated group
(Figure 3G).
+
+
To test whether CD11b CD14 monocyte trans
plantation was able to alter the number of activated
HSCs, α-SMA-positive cells were assessed by immuno
histochemistry. As shown in Figure 4, α-SMA-positive
cells in the hepatic parenchyma were decreased in the
mice that received monocytes (P < 0.01; Figure 4D
and E) as well as in the BMMC-treated group (P < 0.05;

Frozen liver fragments (approximately 100 mg) were
homogenized in a lysis buffer (50 mmol/L Tris-HCl,
300 mmol/L NaCl, 5 mmol/L EDTA, 1% Triton X-100,
0.02% sodium azide) containing a protease inhibitor
cocktail (Roche, Mannheim, Germany). The lysates
were centrifuged at 16000 × g for 15 min at 4 ℃
and supernatants were used to quantify the levels of
TNF-α, IL-6, IL-1β, IL-13, IL-10, IL-17, IL-23, TGF-β1,
MMP-9 and TIMP-1 by way of a sandwich enzymelinked immunosorbent assay assay following the
manufacturers’ instructions (IL-13, IL-17, IL-23, MMP-9
and TIMP-1 by R&D Systems; TGF-β1: Human/Mouse
TGF-beta1 by e-Bioscience, San Diego, CA, United
States; TNF-α, IL-1β, IL-6 and IL-10 using the OptEIA
Set for Mouse by BD Biosciences). Samples were read
at a 450 nm wavelength using a microplate reader
(Model 3550; Thermo Fisher Scientific, Waltham, MA,
United States). The concentration of TGF-β1 was also
determined from supernatants of splenocyte culture

WJG|www.wjgnet.com

5150

July 28, 2017|Volume 23|Issue 28|

de Souza VCA et al . Monocyte therapy improves hepatic fibrosis
Saline

A

B

E

D

100 μm

100 μm

F
c

5

Hyp (nmol/g liver)

3
2
1
0

Control

Saline

BMMCs Monocytes

100 μm

G
b

100

a

4

Monocytes

C

100 μm

% fibrosis

BMMCs

80
60
40
20
0

Control

Saline

Number of Kupffer cells

Control

BMMCs Monocytes

c
b

4
3
2
1
0

Control

Saline

BMMCs Monocytes

Figure 3 Photomicrographs of histological liver sections stained with picro-Sirius red. A-D: The figure shows hepatic collagens in (A) control mice, mice after
CCl4 administration and treatment with (B) saline, (C) BMMCs and (D) BMMC-derived monocytes (picro-Sirius red; magnification × 100); E: Morphometric evaluation
of picro-Sirius Red-stained sections; F: Hydroxyproline in liver fragments of mice undergoing cell transplantation; G: Kupffer cell count in hematoxylin-eosin-stained
histological liver sections from mice who underwent CD11b+CD14+ monocyte therapy and BMMC-treated mice. aP < 0.05; bP < 0.01; cP < 0.001. BMMCs: Bone
marrow mononuclear cells.

Figure 4C and E) compared with the group treated
with saline (Figure 4B and E). Furthermore, OPN also
+
+
decreased after CD11b CD14 monocyte therapy
(Figure 5).

monocyte-treated mice (P < 0.05; Figure 8B). The
monocyte-treated group also showed significantly
increased levels of IL-10 in comparison with the salinetreated group (P < 0.05; Figure 8C).

Monocyte transplantation reduces hepatic inflammatory
and pro-fibrotic cytokine levels

Monocyte therapy increases GSH levels

GSH levels were determined to evaluate the influence
+
+
of CD11b CD14 monocyte therapy on oxidative stress.
Monocyte-treated mice with chronic liver damage had
significantly higher levels of this antioxidant molecule
than the saline-treated group (P < 0.05; Figure 8D).

To investigate the mechanisms involved in the im
+
+
provement of hepatic fibrosis after CD11b CD14
monocyte therapy, the levels of hepatic inflammatory
and pro-fibrotic cytokine were quantified. The levels of
TNF-α, IL-1β and IL-6 in liver lysates were significantly
+
+
lower in the CD11b CD14 monocytes-treated group
(P < 0.05; Figure 6A-C). IL-13 (Figure 6D) and TGF-β1
(Figure 7A), important fibrogenic mediators, were
significantly lower compared to those in mice treated
with saline (P < 0.05). In the supernatant splenocyte
culture obtained from the monocyte- and BMMCtreated groups, there was a significant decrease in
TGF-β1 compared with the saline-treated mice (P <
0.05; Figure 7B). IL-17 cytokine levels were also lower
in animals undergoing cell transplantation (P < 0.01;
Figure 7C). A trend was also observed for decreased
IL-23 cytokine levels (Figure 7D).

DISCUSSION
The present study corroborates the importance of
monocytes/macrophages in liver repair. These may act
to regulate some significant fibrogenic pathways, in
a murine model of chronic liver damage. Monocytes/
macrophages are cells with great plasticity and,
depending on the tissue microenvironment, may be
caused to adopt a profile that contributes to resolution/
[24]
regression of experimental hepatic fibrosis .
The results of the present study demonstrate
+
+
that transplantation of BMMC-derived CD11b CD14
monocytes had beneficial effects on liver lesions,
thereby causing a significant reduction in fibrosis,
mainly by regulating important cytokines involved in
the liver repair process. Previous work carried out by
our group has already shown a decrease in collagen
[14]
levels in a liver undergoing BMMC therapy . However,
the results obtained in the present study demonstrated
an improvement in these parameters on BMMC-derived
+
+
CD11b CD14 monocyte infusion, with an almost

Monocyte therapy altered MMP-9, TIMP-1 and IL-10
hepatic levels

The levels of MMP-9 and TIMP-1, two relevant factors
associated with liver fibrosis, were evaluated. A
significant increase in the production of MMP-9 was
+
+
found in animals treated with CD11b CD14 monocytes
and BMMCs (P < 0.05; Figure 8A). Interestingly,
+
+
TIMP-1 levels were significantly lower in CD11b CD14
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Figure 4 Immunohistochemistry for detection of α-SMA + hepatic
stellate cells in histological sections. A-D: Control (A), saline-treated (B),
BMMCs-treated (C) and CD11b+CD14+ monocyte-treated (D) groups of mice
(magnification × 200); E: Measurement of α-SMA+ hepatic stellate cells at 2 mo
after treatment with CD11b+CD14+ monocytes and BMMCs. aP < 0.05; bP < 0.01.
BMMCs: Bone marrow mononuclear cells.

Figure 5 Immunohistochemistry for detection of osteopontin in
histological sections. A-D: Control (A), saline-treated (B), BMMCs-treated
(C) and CD11b+CD14+ monocyte-treated (D) groups of mice (magnification
× 200); E: Levels of hepatic OPN at 2 mo after treatment with CD11b+CD14+
monocytes. aP < 0.05. OPN: Osteopontin. BMMCs: Bone marrow mononuclear
cells.

2-fold decrease in the collagen levels using the same
experimental model.
Macrophages, important mediators of inflammatory
responses, have a dichotomous response when
activated, assuming a classical (M1) or alternative (M2)
pathways phenotype depending on the environmental
[27]
stimulus . The increase in the number of hepatic
resident macrophages (Kupffer cells) after cell therapy
observed in our study suggests that the subsets of
restorative macrophages are involved in the tissue
repair by inhibiting the production of pro-inflammatory
[28]
cytokines (TNF-α, IL-1β and IL-6) . Previous studies
have reported the role of macrophages in mediating
liver fibrogenesis, and have proposed using macrophage
[23,29]
subpopulations during liver damage and repair
.
Treatments carried out in experimental models have
shown that the infusion of bone marrow-derived
macrophages decreases fibrous tissue, and enhances
[22,30,31]
hepatic regeneration
.
The decrease in fibrous liver tissue observed in
the present study may be associated with the lower
number of activated HSCs found. The pro-fibrogenic

role of this cell type has been already reported in the
literature, indicating a direct relationship between
murine liver fibrosis and the rise in the number of
[3,4]
activated HSCs . In this regard, some studies have
+
reported a decrease in the number of α-SMA cells in
murine models of liver damage treated with BMMCs.
This decrease is probably due to an alteration in the
modulation of HSCs by specific cytokines and growth
factors, including TGF-β1, TNF-α and ROS, produced
[32]
by hepatocytes in a damaged liver . As activation
of HSCs is mediated by autocrine and paracrine
signaling and these cells not only secrete cytokines
[32]
but also respond to them , it was hypothesized that
+
+
BMMC-derived CD11b CD14 monocytes modulate
the activity of HSCs by regulating the secretion of
cytokines and growth factors.
Production of the pro-inflammatory cytokine
profiles of TNF-α, IL-1β and IL-6 were inhibited in
mice submitted to liver damage and treated with
+
+
CD11b CD14 monocytes. Furthermore, there was
an increase in the synthesis of IL-10 cytokine, which
is known for its T helper (Th)2 profile and anti-
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[33]

inflammatory activity . These results show the
+
+
influence of CD11b CD14 monocyte infusion in the
hepatic production of inflammation and fibrogenesis
mediators. The modulation of inflammation during liver
repair processes by way of increased expression of
IL-10 and inhibition of the production of TNF-α, IL-1β
[34]
and IL-6 is well described in the literature . Because
of their role in activating and proliferating HSCs, these
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cytokines have been implicated in the pathogenesis of
chronic liver inflammation, mainly by increasing the
production of collagen and regulating MMPs and TIMPs
[35,36]
in liver damage
. Gene therapy studies have shown
that the overexpression of IL-10 reduces the expression
[36]
of pro-fibrotic molecules such as TGF-β1 and TNF-α ,
thereby down-regulating the inflammatory response
and reducing activated HSCs, which ultimately leads to
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[35,36]

[39]

the reestablishment of liver function
.
The present study found a significant decrease
in TGF-β1 levels in both the extracts of liver protein
and the supernatant of cultured splenocytes. These
results corroborate other findings of the study,
thereby indicating that transplanted monocytes
play an important anti-fibrogenic role. TGF-β1 is a
growth factor which plays a crucial role in initiating
[4]
and maintaining liver fibrogenesis . This factor is
directly involved in activating HSCs and synthesizing
[4]
ECM components, mostly in type Ⅰ collagen . It also
plays an important role in inhibiting the degradation
of ECM, stimulating the decrease of MMP synthesis
and increasing the production of TIMPs, which leads to
excessive deposition of collagen and the establishment
[2]
of hepatic fibrosis . Previous studies have associated
the improvement of experimental liver fibrosis
after BMMC-treatment with the reduction in TGF-β1
[20,22]
levels
. The results of the present study suggest
that monocyte therapy acts through this fibrogenic
pathway, thereby contributing to reducing liver fibrosis
in mice.
The present investigation showed that cell trans
plantation caused a significant decrease in IL-17 levels,
an effector pro-inflammatory cytokine, produced by
+
[37]
CD4 T cells . This mediator induces the recruit
ment of inflammatory factors into liver cells and also
directly activates natural hepatic immunity systems,
such as those mediated by neutrophils and dendritic
cells, to release cytokines that perpetuate chronic
[38]
inflammation . Previous reports have reported that
Th17 cells are able to participate in the pathogenesis
[39]
of hepatic lesions associated with hepatitis B virus .
Recently, emerging evidence has indicated that IL17 may be implicated in the induction of liver fibrosis,
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contributing to the activation of HSCs in vitro .
OPN is a glycoprotein expressed in a variety of
tissues, mainly found in ECM and sites of healing
[40]
wounds . Studies have shown that this protein is
highly expressed in fibrotic liver tissue and influences
[41]
the function of hepatic progenitors . Under this
condition, increases in the level of TGF-β and activation
[6,41]
of HSCs could be also observed
. It thus seems
reasonable to suppose that deactivation of OPN could
[1,8]
lead to attenuation of liver fibrosis . The results of
the present study accordingly showed a significant
decrease in the production of OPN and in the number
of activated HSCs.
GSH is an important antioxidant molecule that acts
as a modulator of redox signaling, cell proliferation,
[42,43]
apoptosis, immune responses and fibrogenesis
.
Reduced levels of this molecule have been found
in preclinical fibrosis models and in human fibrotic
[42]
diseases . A previous study has shown that higher
GSH production inhibits the fibrogenic activity of
[43]
TGF-β1 . The present study also found an increase
+
+
in this molecule after CD11b CD14 monocyte trans
plantation, suggesting an association between the
anti-fibrotic effects observed in the monocyte-treated
group and increased antioxidant activity of this cell
population.
Alterations in the quantities of some molecules
involved in fibrogenesis, as well as fibrous tissue remo
+
+
deling, were assayed in this study. The CD11b CD14
monocyte therapy in mice with chronic liver damage
caused an increase in MMP-9 hepatic levels. Previous
studies have associated reduced liver fibrosis with
[3]
fibrous tissue degradation . MMP-9 plays an important
role in resolving liver fibrosis and has been considered
[11]
[44]
a potent therapeutic target . Yang et al
suggest
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that, in the hepatic microenvironment, macrophage
subpopulations play an anti-fibrotic role, as they
express several MMPs, including MMP-9, which are
directly involved in degrading ECM, facilitating the
resolution of hepatic fibrosis.
+
+
CD11b CD14 monocyte transplantation gave
rise to a reduction in hepatic TIMP-1 and IL-13, two
important pro-fibrogenic mediators. TIMPs are involved
in the regulation of fibrogenic response by inhibiting the
enzymatic activity of MMPs, having an anti-apoptotic
[9]
effect on HSCs . The presence of high quantities
of these inhibitors in chronically damaged hepatic
tissue may contribute to the establishment of liver
[45]
fibrosis . IL-13 is a cytokine associated with severe
forms of schistosomal liver fibrosis as well as non[46]
schistosomiasis liver diseases . IL-13 is considered
one of the central mediators in liver pathogenesis and
is involved in TGF-β1 production by liver cells, besides
its ability to induce progenitor cells to transdifferentiate
[47]
into myofibroblasts, which produce collagen . The
data produced by the present study corroborates the
protective role of monocytes/macrophages in tissue
repair processes, by way of fibrogenic pathways.
Several studies have attempted to identify and
to correlate different macrophage profiles to tissue
[29,30,48]
[29]
repair processes
. Ramachandran et al
found
low
that Ly6C macrophages secrete large amounts of
fibrolytic MMPs such as MMP-9 and MMP-13, as well as
IL-10. Therefore, the increase in secretion of MMP-9
and IL-10 observed in this study suggests a downregulation of the activation pathways that lead to the
chronic inflammatory response.
In conclusion, the present study shows the im
portant contribution of bone marrow-derived mono
cyte/macrophage cell therapy for improving the state
of liver fibrosis in a murine model of chronic liver
damage. These cells act to modulate inflammation
and fibrogenesis and regulate the oxidative stress
caused by damaged tissue. Further studies should be
conducted to establish a promising therapeutic tool for
treating chronic liver diseases.

Previous experiments have already shown that bone marrow cell transplantation
promotes improvement in the experimental model of liver fibrosis. The
monocyte/macrophage lineage may have important therapeutic potential in
chronic liver diseases.

Innovations and breakthroughs

This is an innovative study that evaluated the effects of monocyte
transplantation isolated from bone marrow mononuclear cells, by morphological,
biochemical and immunological assays.

Applications

Experimental hepatic fibrosis improvement after cell therapy reinforces the
potential involvement of monocytes/macrophages in liver repair, being able
to acquire pro-resolute profile, acting in the regulation of some relevant
inflammatory and fibrogenic pathways.

Terminology

Bone marrow mononuclear cells are used to collectively denominate bone
marrow cells, whose nuclei are unilobulated and which lack granules in the
cytoplasm. This cell population includes hematopoietic progenitor cells,
lymphoid cells (lymphocytes, plasma cells) and monocytes.

Peer-review

The authors addressed an interesting, clinically relevant and important issue
aiming to modify the state of chronic liver disease. To approach this goal,
the authors purified bone marrow-derived CD11bhigh monocytes, which were
transfused to mice prior to the administration of the provoking agents, i.e.,
ethanol and carbon tetrachloride. Using a C57BL/6 mouse model system, they
showed that the transfusion of monocytes was more effective to decrease IL-13
levels in the liver as compared to the infusion of BMMCs. The authors also
demonstrated that monocyte transfusion could reduce the size of the fibrotic
area, the amount of hydroxyproline and the concentration of pro-inflammatory
cytokines, while the levels of interleukin-10 cytokine and the number of Kupffer
cells in the liver were increased as compared to saline transfusion. Due to the
limited information of cell-based therapies in chronic inflammatory diseases,
the identification of immunostimulatory and regulatory pathways in a preclinical
setting and in the context of liver metabolism is of high importance.
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Abstract
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AIM
To investigate the effect of a single amino acid
mutation in human class B scavenger receptor I (SR-BI)
on the infectivity of cell culture-derived hepatitis C virus
(HCVcc) in SR-BI knock-down Huh7-siSR-BI cells.

Institutional animal care and use committee statement: No
animals were used in this experiment.

METHODS
Site-directed mutagenesis was used to construct the
SR-BI S112F mutation, and the mutation was confirmed
by nucleotide sequencing. SR-BI knock-down Huh7siSR-BI cells were transfected with SR-BI S112F, SR-BI
wild type (WT) and control plasmids, and then infected
with HCVpp (HCV pseudoparticles) and hepatitis C
virus derived from cell culture (HCVcc). A fluorescence
assay was performed to analyze the effect of the
S112F mutation on HCV entry; quantitative real-time
PCR, immunofluorescence, and Western blot assays
were used to analyze the effect of the S112F mutation
on HCV infectivity. CHO cells expressing WT and SRBI S112F were incubated with the HCV E2 protein
expressed in HEK 293T cells, and flow cytometry was
performed to examine the ability of SR-BI S112F to
bind to the HCV E2 protein. Huh7-siSR-BI cells were
transfected with SR-BI WT and the S112F mutant, and
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prevalence of chronic HCV infection in China was 3.2%
in 1992 and 0.4% in 2006. Recent reports from the
Chinese Ministry of Health have identified 70861 cases
[3]
in 2006 and 201622 cases in 2012 . The most recent
investigation showed a prevalence of HCV infection
[4]
of 3.0% in northeastern China . In recent years, the
Chinese government has increased its investment in
the prevention and control of viral hepatitis. However,
an effective vaccine is not available and treatment with
the combination of interferon and ribavirin therapy
produces a response in approximately half of infected
patients. More recently, a new therapy comprising
novel direct-acting antivirals (DAAs), such as protease
inhibitors (telaprevir, boceprevir and simeprevir) and
an RNA polymerase inhibitor (sofosbuvir), increased
the sustained virological response rate in HCV-infected
[5-7]
patients . However, the DAA therapy also produces
[8]
significant side effects . Therefore, novel anti-HCV
methods, including host targets, are still needed.
HCV entry is a multi-step process that requires
many host molecules, including the tetraspanin
molecule CD81, human class B scavenger receptor
I (SR-BI), and the tight-junction proteins claudin-1
[9-12]
(CLDN1) and occludin (OCLN)
. Among these
proteins, SR-BI plays a crucial role since both SR-BI
and its ligand lipoprotein are involved in the HCV entry
[13,14]
process
. SR-BI has a number of common ligands,
including high-density lipoprotein (HDL), low-density
[13]
lipoprotein (LDL) and oxidized LDL . As shown in a
[15]
study by Dreux et al , HDL enhances the infectivity
of HCVpp (HCV pseudoparticles) and hepatitis C virus
derived from cell culture (HCVcc).
SR-BI was originally defined as a class B scavenger
receptor in a family that includes CD36, LIMP II
(lysosome membrane protein II), and SR-BII (a form
of SR-BI with an alternate C-terminal cytoplasmic
[16]
tail) . SR-BI is a lipoprotein receptor composed of
509 amino acids (aa) in which the cytoplasmic Cand N-terminal domains are separated by a large
extracellular domain. As an HDL receptor, SR-BI
mediates selective uptake of HDL-derived cholesteryl
[17]
ester (CE) in vitro and in vivo . The conformation of
the extracellular domain is important for the binding
of SR-BI and HDL, and hence affects the function of
[18]
SR-BI . Eleven N-linked glycosylation sites (aa102,
108, 116, 173, 212, 227, 255, 288, 310, 330 and
383) have been identified in the extracellular domain,
and two glycosylation sites (Asn108 and Asn173)
were proven to be indispensable for the expression
[19]
and function of SR-BI . In addition to mediating
selective CE transport, SR-BI has been shown to play
important roles in many human diseases, including
atherosclerosis, apoptosis, immune responses, HCV and
[20]
dengue virus entry, and malaria parasite infection .
In recent years, the influence of single nucle
otide polymorphisms (SNPs) in the host genome on
the virus-host interaction has received increasing
attention. For HCV, most studies have focused on SNPs

then DiI-HDL was added and images captured under
the microscope to assess the ability of SR-BI S112F to
take up HDL.
RESULTS
The SR-BI S112F mutation was successfully constructed.
The S112F mutation decreased the expression of the
SR-BI mRNA and protein. SR-BI S112F decreased HCV
entry and HCVcc infectivity in Huh7-siSR-BI cells. The
S112F mutation impaired the binding of SR-BI to HCV
E2 protein and decreased the HDL uptake of SR-BI.
CONCLUSION
The S112F single amino acid mutation in SR-BI
decreased the levels of the SR-BI mRNA and protein,
as well as the ability of SR-BI to bind to the HCV E2
protein. Amino acid 112 in SR-BI plays important roles
in HCV entry and the infectivity of HCVcc in vitro .
Key words: Hepatitis C virus; Class B scavenger
receptor I; Mutant; Infectivity
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Human class B scavenger receptor I (SR-BI)
plays important roles in both host lipid metabolism and
the entry of hepatitis C virus (HCV). Single nucleotide
polymorphisms (SNPs) in the host genome that affect
the virus-host interaction have received increasing
attention in recent years. Several SR-BI SNPs have
been reported to affect the high-density lipoprotein
cholesterol levels in populations carrying SR-BI
mutations; however, the impact of SR-BI SNPs on HCV
infection has not been studied intensively. Based on our
results, the S112F single amino acid mutation in SR-BI
inhibited the infectivity of hepatitis C virus derived from
cell culture in a cell culture model by downregulating
the expression of the SR-BI protein.
Gao R, Gao W, Xu G, Xu J, Ren H. Single amino acid mutation
of SR-BI decreases infectivity of hepatitis C virus derived from
cell culture in a cell culture model. World J Gastroenterol 2017;
23(28): 5158-5166 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i28/5158.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i28.5158

INTRODUCTION
Hepatitis C virus (HCV) is an enveloped RNA virus that
belongs to the Hepacivirus genus of the Flaviviridae
family. The HCV genome encodes a large precursor
polyprotein, which is cleaved by host and viral
proteases to generate at least 10 functional viral
[1]
proteins . HCV infection is a global health problem,
with an estimated 180 million persons infected
worldwide, and HCV infection is the leading cause
[2]
of cirrhosis and hepatocellular carcinoma . The
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[21]

in the IL28B gene and HCV prognosis . Currently,
few reports on virus entry and host genomic SNPs
[22]
have been published . For SR-BI, researchers have
focused on its regulation of HDL-cholesterol and other
metabolites, and a very recent report showed that
polymorphisms in the SR-BI gene are associated with
[23,24]
the virological response in HCV-infected patients
.
According to the results of a GWAS (genome-wide
association study) of 10000 individuals, SNPs in the
SR-BI gene are associated with a small, but significant
[25]
elevation in plasma HDL-cholesterol levels . Recently,
a single loss-of-function mutation (P297S) in SRBI was identified, and the mutation increased HDLcholesterol levels and reduced cholesterol efflux from
[26]
macrophages . Subsequently, two novel missense
mutations, S112F (nucleotide C588T) and T175A
(nucleotide A776T) were also shown to be associated
[27,28]
with elevated HDL-cholesterol levels
. However, few
studies have investigated how the mutations impact
HCV infection and development. In this study, we
studied the effects of the SR-BI S112F single amino
acid mutation on the infectivity of HCVcc using a cell
culture model.

mutation was confirmed using nucleotide sequencing
(Invitrogen, CA, United States).

Quantitative real-time RT-PCR (qRT-PCR)

RNA was isolated from harvested cells using TRIzol
reagent (Invitrogen), and RNA was prepared according
to the manufacturer’s instructions. RNA obtained
5
from 1 × 10 cell equivalents was analyzed using RTPCR. RNA samples were transcribed into cDNA using
random primers and then quantitatively analyzed
with the specific primers SR-BI-F: 5’-GCTGCAGGAA
GCAAAACTGT-3’ and SR-BI-R: 5’-CCAGTAGAAAAGGG
TCACAGG-3’ using the quantitative RT-PCR kit (Applied
Biosystems, United States). Genome copy numbers
were normalized to GAPDH levels determined in
parallel (GAPDH-F: 5’-TGACTTCAACAGCGACACCCA-3’;
GAPDH-R: 5’-CACCCTGTTGCTGTAGCCAAA-3’) using
the comparative cycle threshold values.

Immunofluorescence assays

Huh7 and SR-BI knock-down Huh7-siSR-BI cells were
cultured in collagen-coated 96-well plates at a density
4
of 1 × 10 cells/well on the day before transfection.
Cells were transfected with the SR-BI wild type (WT)
TM
and SR-BI S112F plasmids using Lipofectamine
(Invitrogen, CA, United States), according to the manu
facturer’s instructions. Fresh cell medium was replaced
6 h after transfection and the cells were cultured for
48 h. Cells were washed with PBS, fixed with cold
methanol, and then stained with an anti-SR-BI mouse
monoclonal antibody (mAb) (1:1000 dilution, BD,
United States) or serum from HCV-infected patients
(1:100 dilution) for 2 h at room temperature (RT).
After being washed with PBS, cells were reacted with
an Alexa Fluor 488-conjugated anti-mouse antibody
or human IgG antibodies (1:1000 dilution, BD, United
States). Nuclei were stained with DAPI (1:2000
dilution, BD, United States). Images were captured
and infected foci were counted under a fluorescence
microscope (Olympus IX81, Japan).

MATERIALS AND METHODS
Materials

The Huh7 cell line, human embryonic kidney (HEK)
293T cell line and Huh7-siSR-BI cell line are maintained
in our laboratory. Briefly, SR-BI shRNA was designed,
cloned into the pGP-Lenti3 vector (Biovector, Science
Lab, Beijing), and the positive recombinant Lv-SRBI-shRNA vector was verified. This vector and helper
plasmids were co-transfected into HEK 293T cells.
The recombinant lenti-SR-BI-shRNA virus was used to
infect Huh7 cells. Puromycin was added for screening,
and real-time PCR and Western blot were conducted
to detect the levels of the SR-BI mRNA and protein,
respectively; finally, the Huh7-siSR-BI cell line was
[29]
obtained .
Cells were grown in complete Dulbecco’s Modiﬁed
Eagle’s Medium (DMEM; Invitrogen) supplemented
with 10% (v/v) fetal bovine serum (FBS, Gibco BRL,
United States), 1 mmol/L -glutamine, 100 nmol/L
nonessential amino acids, 100 U/mL penicillin, and 100
μg/mL streptomycin.

Western blot analysis

Protein extracts from transfected cells were prepared
in a modified RIPA buffer containing 0.5% SDS and
a protease inhibitor cocktail (Complete mini; Roche)
on ice. After centrifugation, protein concentrations
were determined using the BCA method (Beyotime).
The proteins were separated using 10% (w/v) SDSpolyacrylamide gel electrophoresis and transferred
onto PVDF membranes (Millipore, Billerica, MA,
United States) using a Trans-Blot apparatus (BioRad). Membranes were blocked with 5% nonfat milk,
incubated with a primary anti-SR-BI mouse mAb (1:
2000 dilution, BD), and detected using a horseradish
peroxidase (HRP)-conjugated species-specific secondary
antibody (Santa Cruz Biotechnology). Immunoreactivity
was visualized using enhanced chemiluminescence (GE
Healthcare).

Construction of SR-BI S112F plasmid expressing the
SR-BI single amino acid mutation

The SR-BI S112F mutation was introduced into pcDNASR-BI (maintained in our lab) using a Quick Change
Lightning Site-Directed Mutagenesis Kit (Stratagene,
CA, United States), according to the manufacturer’s
instructions, with the primers (S112F-F: 5’-ACAAC
GACACCGTGTTCTTCCTCGAGTACCGCACCT-3’ and
S112F-R: 5’-AGGTGCGGTACTCGAGGAAGAACA
CGGTGTCGTTGT-3’; the italic letters represent the
mutant nucleotide). The presence of the desired
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protein (transient expression in HEK 293T cells) for 1
h at RT, washed twice with PBS, and incubated with an
anti-E2 mAb (1 h at RT). After labeling with Alexa Fluor
488-conjugated goat anti-mouse IgG (Invitrogen), the
mean fluorescence intensity was quantified by flow
cytometry (Beckman Coulter, Fullerton, CA, United
States).

Luminescence (RLU)
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Huh7-siSR-BI cells were seeded in a 96-well plate at
4
a density of 2 × 10 cells/well and cultured for 24 h.
Cells were transfected with the SR-BI WT and mutant
TM
S112F plasmids using Lipofectamine . Complete
culture medium was replaced 6 h after transfection
and the cells cultured for 48 h before DiI-HDL (200
µg/mL, Alfa Aesar, United States) was added and the
cells were cultured for an additional 4 h. Nuclei were
stained with Hoechst (Merk, NJ, United States) for 10
min, and cells were observed and images captured
using a microscope.
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Figure 1 Effect of the class B scavenger receptor I single amino acid
mutant on hepatitis C virus entry. Huh7-siSR-BI cells were seeded on a
96-well plate, cultured overnight, and transfected with pcDNA3.1 (NC), pcDNASR-BI, or pcDNA-SR-BI/S112F. Three days after transfection, HCVpp were
added to the cell culture. Cells were harvested 72 h post infection and cell
lysates were analyzed using a fluorescence assay. The data are presented as
the mean ± SEM from three independent experiments (aP < 0.05). WT: Wild
type.

HCVcc production and HCV infection assay

The pJFH1 plasmid, which was kindly provided by Dr.
Takaji Wakita (National Institute of Infectious Diseases,
Tokyo, Japan), was used as template to generate
[30]
HCVcc as described . Briefly, pJFH-1 was linearized to
generate the template used in the in vitro transcription
reaction to produce the viral RNA using the MEGAscript
kit (Promega, Madison, WI, United States). Huh7
cells were then transfected with JFH-1 transcripts
by electroporation. Cell culture supernatants were
collected 5 d later and the viral titer was quantified. For
the infection assay, Huh7-siSR-BI cells were seeded in
a 96-well plate, cultured in 10% FBS-DMEM overnight,
and then infected with HCVcc. The cells were cultured
for 48 h before the infectivity was measured using the
immunofluorescence assays.

Statistical analysis

HCVpp production and HCV entry assay

Huh7-siSR-BI cells were transfected with pcDNA3.1,
pcDNA-SR-BI, or pcDNA-SR-BI/S112F first, and
infected with HCVpp expressing the luciferase gene 3 d
after transfection. Fluorescence was detected 3 d later.
Compared with cells transfected with the pcDNA3.1
vector control and pcDNA-SR-BI WT control, SR-BI
S112F decreased the entry of HCV in Huh7-siSR-BI
cells (Figure 1).

The error bars represent the SD of means from at least
three independent experiments. Statistical significance
was analyzed using Student’s t test. P < 0.05 was
considered statistically significant.

RESULTS
Generation of the SR-BI S112F mutant

The pcDNA-SR-BI/S112F vector expressing the SRBI single amino acid mutant was obtained by sitedirected mutagenesis and confirmed by nucleotide
sequencing. The Ser at site 112 was replaced with Phe
in the mutant.

SR-BI S112F mutation decreases HCV entry

[31]

HCVpp were generated as described . Briefly, HEK
293T cells were transfected with plasmids encoding
the HCV envelope proteins, Gag/Pol (pLP1) and Rev
(pLP2) and the pLenti6 transfer vector (Invitrogen)
expressing the luciferase gene. Vesicular stomatitis
virus pseudoparticles were produced as controls. Cell
culture supernatants were collected 2 d later and the
viral titer was quantified using immunofluorescence
assay (IFA). For the HCV entry assay, Huh7-siSRBI cells were seeded on a 96-well plate, cultured
overnight, and transfected with pCDNA-SR-BI WT
and mutant plasmids, inoculated with HCVpp, and
then cultured for 72 h before the entry of HCVpp was
measured using a fluorescence assay.

SR-BI S112F mutation decreases HCVcc infection

Huh7-siSR-BI cells were seeded in 96-well plates (for
IFA) or 24-well plates (for qRT-PCR) and transfected
with pcDNA3.1, pcDNA-SR-BI, or pcDNA-SR-BI/S112F;
3
HCVcc (10 FFU/mL) was added 24 h after transfection.
Cells were harvested 72 h after infection and RNA was
isolated for qRT-PCR. IFA was performed 48 h later.
According to the IFA results, the expression of the HCV
protein was decreased in the pcDNA-SR-BI/S112F
group (Figure 2A). Based on the qRT-PCR results, the
level of the HCV RNA was decreased in the pcDNA-SRBI/S112F group (0.711 of the WT level), compared

SR-BI and HCV E2 protein binding assay

The SR-BI and HCV E2 protein binding assay was
performed using a FACS-based assay, as previously
[32]
5
described . Briefly, 4 × 10 CHO cells expressing SRBI were incubated with equivalent amounts of HCV E2
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Figure 2 Effect of the class B scavenger receptor I single amino acid mutant on hepatitis C virus infectivity. A: Immunofluorescence assay (IFA) of the effects
of the SR-BI single amino acid mutant on hepatitis C virus (HCV) infectivity. Huh7-siSR-BI cells were seeded in 96-well plates, cultured overnight, and then transfected
with pcDNA3.1 (NC), pcDNA-SR-BI (WT), or pcDNA- SR-BI/S112F. HCVcc (103 FFU/mL) was added 24 h after transfection, and the IFA was performed 48 h later. B:
Effect of the SR-BI single amino acid mutant on the HCV viral RNA. Huh7-siSR-BI cells were seeded in 24-well plates, cultured overnight, and then transfected with
pcDNA3.1 (NC), pcDNA-SR-BI, or pcDNA-SR-BI/S112F. HCVcc (104 FFU/mL) was added 24 h after transfection, and cells were harvested 72 h later to prepare RNA
for the qRT-PCR analysis (aP < 0.05). SR-BI: Class B scavenger receptor I; WT: Wild type.

BI cells were first transfected with SR-BI WT and
mutant S112F plasmids, and then DiI-HDL was added.
Based on the microscopic images, the S112F mutation
decreased HDL uptake compared with SR-BI WT (Figure
5).

with pcDNA3.1 vector control and pcDNA-SR-BI WT
control (Figure 2B).

S112F mutation decreases the expression of the SR-BI
mRNA and protein

Huh7-siSR-BI cells were transfected with pcDNA3.1,
pcDNA-SR-BI and pcDNA-SR-BI/S112F. Forty-eight
hours after transfection, cells were harvested and
analyzed by Western blot and qRT-PCR, and the results
showed that the levels of the SR-BI S112F mRNA and
protein were decreased compared with SR-BI WT cells
(Figure 3).

DISCUSSION
The SR-BI receptor is associated with lipid metabolism
and participates in the bidirectional transport of
cholesterol between cells and HDL. Increased clearance
of HDL-CE from plasma and enhanced reverse choles
terol transport have been shown to significantly reduce
[23]
atherosclerosis in animal models . Previous studies
have confirmed that the extracellular domain of SR-BI
[19]
is critical for its receptor function .
Recently, the functions of SNPs in the SR-BI gene
have been studied both in human and animal models.
Acton and colleagues were the ﬁrst to identify the
associations between SNPs in the SR-BI gene and
plasma lipid levels and body mass index in a Caucasian
[33]
European population . The nonsynonymous exon 1
SNP (rs4238001 [G2S]), which encodes a different
amino acid, was signiﬁcantly associated with higher
HDL cholesterol (HDL-C) and lower LDL cholesterol
[33]
(LDL-C) levels . In 2011, a P297S missense mutation
in SR-BI was reported, and people who carry the P297S
[26]
mutation have increased HDL cholesterol levels .
Then, two novel missense mutations, S112F and

SR-BI S112F mutation impairs the binding of SR-BI to
the HCV E2 protein

SR-BI has been reported to bind to HCV E2 protein.
The ability of CHO cells expressing WT and mutant
SR-BI to bind to the HCV E2 protein that had been
expressed in HEK 293T cells was analyzed, and the
results showed that the S112F mutation impaired the
binding of SR-BI to the HCV E2 protein (Figure 4). We
also performed the binding assay using HCVcc instead
of the expressed HCV E2 protein and obtained similar
results.

SR-BI S112F mutation decreases HDL uptake by SR-BI

We performed the HDL uptake assay with DiI-HDL to
determine whether the single amino acid mutation
affects the HDL uptake ability of SR-BI. Huh7-siSR-

WJG|www.wjgnet.com

5162

July 28, 2017|Volume 23|Issue 28|

Gao R et al . SR-BI mutant S112F inhibits HCVcc infectivity
NC
0.13

WT
1.00

S112F
0.66

1.5
E2 relative binding (O.D.)

A
SR-BI
GAPDH

1.5

a

0.5

a

Figure 4 Ability of the class B scavenger receptor I single amino acid
mutant to bind to the hepatitis C virus E2 protein. CHO cells expressing
the wild type (WT) and mutant SR-BI protein were incubated with equivalent
amounts of hepatitis C virus E2 protein that had been expressed in HEK 293T
cells for 1 h at RT, washed twice, and incubated with an anti-E2 mAb for 1
h at RT. After labeling with Alexa Fluor 488-conjugated goat anti-mouse IgG
(Invitrogen), the mean fluorescence intensity was quantified by flow cytometry
(aP < 0.05). SR-BI: Class B scavenger receptor I.
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Figure 3 Effects of the single amino acid mutant on class B scavenger
receptor I mRNA and protein expression. A: Effect of the single amino acid
mutant on SR-BI protein expression. Huh7-siSR-BI cells were seeded in 24-well
plates, cultured overnight, and transfected with pcDNA3.1 (NC), pcDNA-SRBI, or pcDNA-SR-BI/S112F. Cells were harvested 72 h after transfection and
lysed with RIPA cell lysis buffer; Western blot was performed to analyze the
expression of the SR-BI protein. B: Effect of the single amino acid mutant on the
SR-BI mRNA level. Huh7-siSR-BI cells were seeded in 24-well plates, cultured
overnight, and then transfected with pcDNA3.1 (NC), pcDNA-SR-BI (WT), or
pcDNA-SR-BI/S112F (S112F). Cells were harvested 72 h after transfection and
RNA was isolated and the level of the SR-BI mRNA was analyzed using qRTPCR (aP < 0.05; bP < 0.001). SR-BI: Class B scavenger receptor I; WT: Wild
type.
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T175A, in human SR-BI were identified in patients with
atherosclerosis, which led to elevated HDL cholesterol
[27]
levels . A coding variant in SR-BI (I179N) significantly
increased atherosclerosis, although the mutation did
[34]
not dramatically affect the plasma lipid levels . The
hydrophobicity of N-terminal half of the extracellular
domain of SR-BI was proven to be critical for the SRBI-mediated cholesterol transport function, and this
domain might function by interacting with other integral
[35-37]
membrane proteins
. S112F, T175A and I179N
point mutations occurred in the same region, but had
different effects on the function of SR-BI and require
further study.
HCV infection is a complicated process and is
closely correlated with host lipid metabolism. In the
attachment step, the HCV lipoviral particle (LVP) is
recruited and binds to glycosaminoglycans on heparan
sulfate and low-density lipoprotein receptor on host
cells; then, HCV enters hepatocytes by interacting
with several host entry factors, including CD81, SRBI, the tight junction proteins CLDN1 and OCLN, and
the cholesterol absorption receptor Niemann-Pick C1[38]
like-1 . Lipids and lipid receptors play key roles in
the early stage of HCV infection, and researchers have
postulated that LVP was actually endocytosed into the
[39]
hepatocytes as a regular lipoprotein .
During the entry step, the HCV E2 HVR1 region
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Figure 5 Effect of the single amino acid mutant on high-density
lipoprotein absorption by class B scavenger receptor I. Huh7-siSR-BI cells
were seeded in a 96-well plate and cultured overnight prior to transfection. Cells
were transfected with the SR-BI wild type (WT) and mutant S112F plasmids
using LipofectamineTM. Complete culture medium was replaced 6 h after
transfection and cells were cultured for 48 h before DiI-HDL (200 µg/mL) was
added, and the cells were cultured for an additional 4 h. Nuclei were stained
with Hoechst for 10 min, and cells were observed and images captured using a
microscope (bP < 0.01). SR-BI: Class B scavenger receptor I.

interacts with the extracellular loop of SR-BI in both
[40,41]
the binding and post-binding steps
. Therefore,
strategies targeting SR-BI have been reported to
inhibit HCV infection. SR-BI binds to serum amyloid
A (SAA), an acute-phase protein produced by the
liver, promoting SAA internalization and inhibiting
[42]
HCV entry . A small-molecule antiviral compound,
ITX5061, has been reported to impede the uptake
of HDL by SR-BI and blocks the uptake of HCV viral
[43,44]
particles by hepatocytes
.
In addition to the entry step, the replication of HCV
in the membrane web and release from hepatocytes
are associated with the host lipid metabolism. Since
SR-BI has a key role in the host lipid metabolism
and SNPs in the SR-BI gene have been reported
to modulate the function of SR-BI, we studied the
effect of the S112F missense mutation in SR-BI on
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have received increasing attention in recent years. SNPs in the IL28B gene are
associated with HCV prognosis.

the infectivity of HCVcc in SR-BI knock-down Huh7
cells. The Huh7-siSR-BI cell line was established by
screening Huh7 cells with puromycin after infection
[29]
with Lv-SR-BI-shRNA . We first constructed SRBI S112F using site-directed mutagenesis, and then
Huh7-siSR-BI cells were used to detect the effects of
the single amino acid mutant in SR-BI on the entry
and infectivity of HCV. The S112F single amino acid
mutation decreased HCV entry and the infection of
HCVcc compared with SR-BI WT. We further assessed
the effects of S112F on the SR-BI mRNA and protein
levels to determine how the S112F mutation affected
SR-BI, and the results showed that the levels of both
the SR-BI mRNA and protein decreased when Ser112
was replaced with Phe. Then, we detected the ability
of SR-BI S112F to bind to HCV E2 and showed that
the binding ability decreased, potentially due to the
decreased level of the SR-BI protein. Finally, since the
S112F mutation is associated with an abnormal HDL
level and HCV replication is closely correlated with lipid
metabolism, we measured the HDL uptake ability of
SR-BI S112F and observed a decrease compared with
SR-BI WT.
We performed a literature search to determine
why the S112F mutant significantly decreased the
expression of SR-BI and found that Ser112 is located
in the extracellular domain of SR-BI. SR-BI and LIMP
II belong to the same family and share 34% sequence
identity and 56% sequence homology. The X-ray
crystal structure of the extracellular domain of human
LIMP II has been solved. Therefore, we used the
LIMP II structure as a guide to generate a homology
model of human SR-BI. Ser112 in SR-BI is located
in a hydrophilic pocket, which is conserved in SRBI. If the serine (hydrophilic amino acid) is mutated
to phenylalanine (hydrophobic amino acid), this
hydrophilic pocket will be destroyed. Thus, the protein
will not fold correctly, which might be responsible
for the downregulation of SR-BI expression in cells
expressing the SR-BI S112F mutant.
In summary, we constructed the S112F single
amino acid SR-BI mutant and analyzed the effects of
this mutant on HCV entry and infectivity. The S112F
single amino acid mutant decreased the levels of the
SR-BI mRNA and protein and subsequently reduced
the binding of SR-BI to HCV E2 protein, as well as the
SR-BI-dependent HCV entry and infectivity of HCVcc.
In this study, Huh-7-siSR-BI cells expressing SR-BI
S112F also showed decreased HDL uptake, but the
effects of this mutation on the release of progeny
viruses require further investigation.

Research frontiers

SNPs in the SR-BI gene are reported to be associated with the elevated plasma
HDL-cholesterol levels and virological response of HCV-infected patients.
However, the relation between SR-BI SNPs and HCV infectivity has not yet
been clearly identified.

Innovations and breakthroughs

This study is the first to evaluate the effect of the single amino acid
polymorphism SR-BI S112F on the infectivity of hepatitis C virus derived from
cell culture (HCVcc) using a cell culture model. SR-BI S112F inhibited HCVcc
infectivity by downregulating the expression of the SR-BI protein.

Applications

Based on the results from the present study, the SR-BI S112F single amino
acid mutant affected both HCV entry and infectivity. Future studies of SR-BI
SNPs will provide insights into the host-virus interaction and will help identify
new treatments for HCV infection.

Terminology

HCVpp, referred as HCV pseudoparticles, were prepared by inserting HCV
envelope proteins into pLenti6 transfer vector, and transfected into HEK 293T
cells together with helper plasmids Gag/Pol and Rev. HCVcc, referred as real
HCV virus particles in cell culture, is prepared by transfection of whole genomic
HCV RNA transcripts into Huh 7 or its derived cell lines.

Peer-review

The manuscript is well written. Authors demonstrated that single amino acid
polymorphism of SR-BI S112F decreased the infectivity of HCVcc in SR-BI
silenced Huh 7 cells. This is the first study evaluating the effect of SR-BI S112F
on the infectivity of HCV even though in the in vitro cell culture system. The
study showed that SNPs of SR-BI were critical for HCV infectivity.
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Abstract
AIM
To investigate the underlying mechanism by which
CXCL12 and CXCL6 influences the metastatic potential
of colon cancer and internal relation of colon cancer
and stromal cells.
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METHODS
Western blotting was used to detect the expression of
CXCL12 and CXCL6 in colon cancer cells and stromal
cells. The co-operative effects of CXCL12 and CXCL6
on proliferation and invasion of colon cancer cells and
human umbilical vein endothelial cells (HUVECs) were
determined by enzyme-linked immunosorbent assay,
and proliferation and invasion assays. The angiogenesis
of HUVECs through interaction with cancer cells and
stromal cells was examined by angiogenesis assay. We
eventually investigated activation of PI3K/Akt/mTOR
signaling by CXCL12 involved in the metastatic process
of colon cancer.
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RESULTS
CXCL12 was expressed in DLD-1 cancer cells and
fibroblasts. The secretion level of CXCL6 by colon
cancer cells and HUVECs were significantly promoted
by fibroblasts derived from CXCL12. CXCL6 and CXCL2
could significantly enhance HUVEC proliferation and
migration (P < 0.01). CXCL6 and CXCL2 enhanced
angiogenesis by HUVECs when cultured with fibroblast
cells and colon cancer cells (P < 0.01). CXCL12 also
enhanced the invasion of colon cancer cells. Stromal
cell-derived CXCL12 promoted the secretion level of
CXCL6 and co-operatively promoted metastasis of colon
carcinoma through activation of the PI3K/Akt/mTOR
pathway.

mechanisms that determine the directional proliferation
and invasion of cancer cells into specific organs
[2,3]
remain to be established . Therefore, exploring the
fundamental mechanism of invasion, proliferation,
metastasis and tumor biological behaviors at the level
of cellular or molecular microenvironments is needed in
clinical diagnosis and therapy.
Chemokines (chemotactic cytokines) form a complex
family of small, secreted proteins that play an important
role in innate and adaptive immunity, homeostatic
[4,5]
processes, angiogenesis and tumorigenesis . Based
upon the position of conserved cysteine residues,
chemokines are classified into four subfamilies (C, CC,
[6]
CXC, CX3C) . CXC chemokines have been proven to
modulate tumor behaviors, especially in regulation of
angiogenesis, activation of a tumor-specific immune
response and stimulation of tumor cell proliferation
[7]
in an autocrine or paracrine fashion . However,
updated research has shed new light on this subfamily
of cytokines, indicating that its members have
multifaceted roles in the microenvironment that consists
of the tumor cells themselves and/or stromal cells,
including infiltrating leukocytes, endothelial cells (ECs)
and fibroblasts.
The functions of CXC chemokines in the tumor
microenvironment depend considerably on the chemo
kine type and tumor and stromal cells’ characteristics.
In addition, there are cases in which chemokines
have been implicated as having tumor-inhibiting gene
activities, and there are many more examples of CXC
[8-11]
chemokines with tumor-promoting roles
. Two
of the most famous members are the stromal cellderived factor-1 (SDF-1/CXCL12/IL12) and chemokine
ligand 6 (CXCL6). Numerous studies have shown that
their activities would increase the establishment of
tumorigenesis, invasion, proliferation and metastases.
Recent analysis has shown that CXCL12 supports the
survival or growth of a variety of normal or malignant
cell types, including hematopoietic progenitors, germ
[12-15]
cells, leukemia B cells and breast carcinoma cells
.
Other studies have shown that the CXCL12/CXCR4
and related axis are involved in tumor metastasis to
sites which are characterized by high production of
[16,17]
CXCL12, such as liver, lung and bone marrow
.
Activation of the CXCL12/CXCR4 signaling axis leads to
chemotaxis, cell survival, and/or proliferation; however,
the downstream signaling cascades are tissue-specific
[18]
and not well characterized in EC .
CXCL6, a small cytokine belonging to the CXC
chemokine family, is also known as granulocyte
chemotactic protein 2. As its former name suggests,
CXCL6 is a chemoattractant for neutrophilic granu
[13-14]
locytes
. It elicits its chemotactic effects by
interacting with the chemokine receptors CXCR1
and CXCR2. This tumor progression may occur as a
function of the regulation of angiogenesis, cell motility,
immune cell infiltration, cell growth and survival in
the microenvironment, and modulation of local anti-

CONCLUSION
Fibroblast-derived CXCL12 enhanced the CXCL6
secretion of colon cancer cells, and both CXCL12 and
CXCL6 co-operatively regulated the metastasis via
the PI3K/Akt/mTOR signaling pathway. Blocking this
pathway may be a potential anti-metastatic therapeutic
target for patients with colon cancer.
Key words: CXCL12/SDF-1α; CXCL6; Metastasis; PI3K/
Akt/mTOR pathway; Colon cancer
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study has provided the first report of
fibroblast-derived CXCL12 enhancement of CXCL6
secretion in colon cancer cells, and of both CXCL12 and
CXCL6 co-operatively regulating metastasis through
the PI3K/Akt/mTOR signaling pathway. Blockage
of this pathway may be a potential anti-metastatic
therapeutic target for patients with colon cancer. Our
work might encourage further investigation into more
potent angiogenesis modulating agents to improve the
effectiveness of colon cancer therapies.
Ma JC, Sun XW, Su H, Chen Q, Guo TK, Li Y, Chen XC, Guo J,
Gong ZQ, Zhao XD, Qi JB. Fibroblast-derived CXCL12/SDF1α promotes CXCL6 secretion and co-operatively enhances
metastatic potential through the PI3K/Akt/mTOR pathway in
colon cancer. World J Gastroenterol 2017; 23(28): 5167-5178
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i28/5167.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i28.5167

INTRODUCTION
Colon cancer is the fourth most frequently diagnosed
cancer in the United States. In 2015, an estimated
93090 new cases of colon cancer occurred in the United
States. During that same year, it was estimated that
[1]
49700 patients died from colon and rectal cancers .
The poor prognosis of colon cancer is attributable
to its tendency of metastases. However, the precise
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[19]

tumor immune responses . As evidenced by various
experiments, CXCL6 is over expressed in colorectal,
breast, lung and thyroid cancers. Actions of tumor
cells in the microenvironment were also regulated by
[20-23]
complicated molecular mechanisms
.
Different chemokines played their specific roles.
Both the angiogenesis-promoting effect of CXCL6 and
chemotactic effect of CXCL12 play important roles
[24,25]
in tumorigenesis and metastasis
. However, the
molecular mechanisms of the active signaling pathway
by which CXCL12 and CXCL6 co-operatively regulate
metastasis of colon cancer remain to be clarified.
The purpose of this study was to investigate the cooperative promotion of metastatic potential and the
underlying mechanism of CXCL12 and CXCL6 in order
to better understand the interaction between colon
cancer cells and stromal cells. Furthermore, our study
provided data to demonstrate that phosphatidylinositol
3-kinase (PI3K)/Akt/mTOR signaling pathway plays
an important role in CXCL12 simulation and that
this process is involved in the development and
metastasis of colon cancer. Understanding the biologic
mechanisms responsible for regulation of chemokines
may enable better molecular targeted therapies to
treat patients with metastatic colon cancer.

cells were lysed in lysis buffer [25 mmol/L Tris (pH
7.8) with H3PO, 2 mmol/L CDTA, 10 mmol/L DTT, 10%
®
glycerol, 1% Triton X-100, 2 mmol/L PMSF, 1 mmol/L
sodium orthovanadate, and 10 µmol/L leupeptin]. The
protein concentrations were measured with a BCA
protein assay kit (Pierce, Rockford, IL, United States).
The amounts of samples were 30 µg per lane. The
lysates were separated by 10% SDS-polyacrylamide
gel electrophoresis and transferred to polyvinylidene
membrane (Immobilo PVDF; Nihon Millipore Ltd,
Tokyo, Japan). The membrane was incubated in the
blocking buffer for 60 min at room temperature.
The blocking buffer consisted of 5% nonfat dry milk
dissolved into Tris-buffered saline containing 0.1%
Tween 20 (TBS-T). After washing the membrane
with TBS-T, the membrane was immunoblotted with
each primary antibody (Ab) diluted into 1:1000-2000
overnight at 4 ℃. Afterward, membranes were
washed with TBS-T three times, and subjected to
HRP-conjugated secondary Ab for 60 min at room
temperature. Protein Ab complexes were visualized
with an ECL western blotting detection and analysis
system (Amersham Biosciences, Buckinghamshire,
United Kingdom). β-actin western blots served as
controls.

Enzyme-linked immunosorbent assay

MATERIALS AND METHODS

All cancer cell lines and fibroblasts were separately
5
seeded at a density of 3 × 10 cells/mL into 12-well
plates containing medium with 10% FBS and allowed
to adhere overnight. The medium was exchanged, and
cells were cultured for an additional 48 h. The medium
was collected and microcentrifuged at 1500 rpm for
5 min to remove particles, and the supernatants
were frozen at -80 ℃ until performance of enzymelinked immunosorbent assay (ELISA). Concentration
of CXCL6 was measured by ELISA kit (R&D Systems)
according to the manufacturer’s instructions.
In order to further investigate the synergistic
effect of the tumor-stromal interaction, we tested
the effect of fibroblast-derived CXCL12 on cancer cell
CXCL6 production using a double-chamber method in
24-well plates. Fibroblasts were seeded at a density of
5
1 × 10 cells/well into 24-well plates, and allowed to
adhere overnight. The medium was exchanged with
or without CXCL12 Ab, and then co-cultured with 5 ×
4
10 HT-29, WiDr, CaCo-2, DLD-1 and fibroblasts cells
2
that had been placed into inserts with 0.45-mm pores
(Kurabo Co.). The co-culture systems were incubated
for an additional 48 h, and CXCL6 concentration was
subsequently measured as described above. Each
condition was assessed using 5 independent samples.

Reagents and antibodies

Recombinant human CXCL6 and CXCL12 were pur
chased from R&D Systems (Minneapolis, MN, United
States). Neutralizing monoclonal anti-human CXCL12
(anti-CXCL12 Ab), anti-human CXCL6 (anti-CXCL6 Ab),
anti-human CXCR4 (anti-CXCR4 Ab) were obtained
from Carbiochem (San Diego, CA, United States).

Cell lines and culture condition

The human colon cancer cell lines HT29, WiDr, CaCo-2,
DLD-1 and Colo320 were obtained from the American
Type Culture Collection (Rockville, MD, United States).
DLD-1, WiDr and CaCo-2 were maintained in minimum
essential medium (Eagle’s; (Sigma Chemical Co.,
St. Louis, MO, United States) with high glucose and
10% fetal bovine serum (FBS). HT-29 and Colo320
were maintained in RPMI-1640 medium (Sigma
Chemical Co.) supplemented with 10% FBS. HUVECs
were obtained from Kurubo Co. (Osaka, Japan) and
maintained in HuMedia-EG2 medium supplemented
with 2% FBS, 5 ng/mL basic fibroblast growth factor,
10 µg/ml heparin, 10 ng/mL epidermal growth
factor, and 1 µg/ml of hydrocortisone, according to
the supplier’s instruction (Kurubo Co.). All cells were
incubated at 37 ℃ in a humidified atmosphere of 5%
CO2 in air.

Proliferation assay

To confirm the effect of chemokines on HUVEC
proliferation, we performed the proliferation assay
according to the manufacturer’s instructions. HUVECs
3
were seeded at a density of 5 × 10 cells/100 μL in

Western blot analysis

Cells were cultured in the media supplemented with
1% FBS for 1 d. After the indicated treatments, the
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96-well plates and allowed to adhere overnight. Then,
cultures were re-fed with fresh media containing
various concentrations of CXCL6 or CXCL12. After
72 h incubation, 10 µl WST-1 reagent was added to
each well and cells were incubated for another 4 h at
37 ℃, then the cell proliferation was measured by the
WST-1 Cell Proliferation Assay System (Takara Bio Inc.,
Shiga, Japan). The absorbance was determined using
a microplate reader (Molecular Devices, Sunnyvale,
CA, United States) at a test wavelength of 450 nm and
reference wavelength of 690 nm.

cell-derived CXCL12 on tubular formation by HUVECs,
the colon cancer cells (DLD-1 secreting CXCL12 or
CaCo-2 and HT-29 not secreting CXCL12), HUVECs,
and fibroblasts were co-cultured using a doublechamber method in 24-well plates. DLD-1, CaCo-2 or
4
HT-29 cells (5 × 10 cells) were seeded into transwell
chambers, consisting of polycarbonate membrane
with 0.45-m pores and allowed to adhere overnight.
Transwell chambers were then placed in the HUVECs/
fibroblasts co-culture system with or without 10 ng/mL
of CXCL12 or CXCL12 Ab and exchanged on the sixth
day. All cells were cultured for a total of 11 d. HUVEC
tubular formation was described as above. This assay
allowed us to evaluate angiogenesis quantitatively and
examine tumor-stromal interactions through soluble
cytokines.

Invasion assay

The effects of CXCL12, CXCL6 and co-cultures with
fibroblasts or colon cancer cells (DLD-1) on invasive
capability of HUVECs were determined by Matrigelcoated invasion chambers (Becton Dickinson, Bedford,
MA, United States) according to the manufacturer’s
instructions. This system is separated by a PET
membrane coated with Matrigel Matrix such that only
invasive cells can migrate through the membrane to
4
the reverse side. HUVECs (5 × 10 cells/ml) were
suspended in medium containing 2% FBS and seeded
into the Matrigel pre-coated transwell chambers
consisting of polycarbonate membranes with 8-μm
pores, and fibroblasts or DLD-1 cells were seeded at a
5
density of 2 × 10 cells/well into the inner chambers in
24-well plates, then the transwell chambers were then
placed into 24-well plates, into which we added basal
medium only or basal medium containing gradient
concentrations of CXCL6 (0 ng/mL, 0.1 ng/mL, 1 ng/
mL, 10 ng/mL, 10 ng/mL + 10 μg/ml CXCL6 Ab) or
CXCL12 (0 ng/mL, 0.1 ng/mL, 1 ng/mL, 10 ng/mL,
10 ng/mL + 10 μg/ml CXCL12 Ab). After incubating
for 24 h and HUVECs for 16 h, the upper surface of
the transwell chambers was wiped with a cotton swab
and the invading cells were fixed and stained with DiffQuick stain. The number of invading cells was counted
in five random microscopic fields of the low filter
surface under a microscope at 200 × magnification.
Each condition was assessed in triplicate.

Statistical analysis

Data are presented as mean ± SD. Differences in the
mean of two groups were analyzed by an unpaired
t-test. Multiple group comparisons were performed by
one-way ANOVA with a post hoc test for subsequent
individual group comparisons. P < 0.05 was considered
statistically significant. Mean values and SD were
calculated for experiments performed in triplicate (or
more).

RESULTS
Expression of CXCL12, CXCL6 and CXCR4 proteins in
colon cancer cell lines and stromal cells

Western blotting results revealed that CXCL12 protein
was only expressed in fibroblasts and DLD-1, but not
in HT29, WiDr, CaCo-2, Colo320 and HUVECs. CXCR4
and CXCL6 were expressed in all colon cancer cell
lines, fibroblasts and HUVECs (Figure 1).

Effect of CXCL12 on secreted level of CXCL6 from colon
cancer cell lines and HUCVECs

The secreted CXCL6 level was measured by ELISA
assay in colon cancer cell lines and stromal cells.
On the basis of this assay, secretion of CXCL6 was
higher in DLD-1 and HT-29 cell supernatants than in
supernatants from CaCo-2, WiDr and HUVECs. The
addition of recombinant CXCL12 signiﬁcantly enhanced
CXCL6 production in CaCo-2 (2.54-fold vs control, P
< 0.01; Figure 2A), WiDr (2.07-fold vs control, P <
0.01; Figure 2B), HT-29 (1.87-fold vs control, P <
0.01; Figure 2C) and HUVEC (2.79-fold vs control, P <
0.01; Figure 2E). Likewise, co-culture with fibroblast
cells also significantly enhanced CaCo-2 (1.89-fold
vs control, P < 0.01), WiDr (1.67-fold vs control, P
< 0.01), HT-29 (1.62-fold vs control, P < 0.01) and
HUVEC (2.15-fold, vs control, P < 0.01) cells’ secretion
of CXCL6. On the other hand, recombinant CXCL12
and co-culture with fibroblasts did not promote the
CXCL6 secretion in DLD-1 culture supernatants
(Figure 2D). Co-culture with DLD-1 cells significant

Angiogenesis assay

To investigate the influence of CXCL6 on tubule
formation by HUVECs, HUVECs and fibroblasts were coculture in the basal medium using an angiogenesis kit
(Kurabo Co.) according to the manufacturer’s protocol.
First, HUVECs and fibroblasts were co-cultured in
24-well plates with basal medium. The media were
exchanged every 2 d, with co-incubation continuing for
a total of 11 d. The co-culturing system was stained
with anti-CD31 Ab. The areas of angiogenesis were
measured quantitatively over ten different microscopic
fields for each well using an image analyzer (Kurabo
Co.).

Angiogenic activity during co-culture with colon cancer
cells in vitro

To further investigate the influence of colon cancer
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a dose-dependent manner (P < 0.05, P < 0.01).
However, the invasive behavior of HUVECs upon CXCL6
stimulation was more significant than upon CXCL12
stimulation. Enhancement of invasive ability of HUVECs
by CXCL6 and CXCL12 stimulation were blocked by
pre-incubating HUVECs with neutralizing anti-CXCL6
and anti-CXCL12 Ab, respectively (P < 0.05, P < 0.01;
Figure 4C).

CXCL12
CXCR4
CXCL6
β-actin

effect of co-culturing with fibroblasts and DLD-1 cells
on HUVEC invasiveness

Figure 1 Expression levels of stromal cell-derived factor-1, CXC
chemokine receptor 4 and granulocyte chemotactic protein-2 in colon
cancer cell lines and stromal cells. The protein expression levels of
CXCL2, CXCR4 and CXCL6 in colon cancer cell lines and stromal cells were
determined in whole-cell lysates by western blotting analysis. Thirty micrograms
of total cell lysate were subjected to 10% SDS-PAGE and transferred to a
polyvinylidene difluoride membrane. The membrane was probed with antibodies
to CXCL12, CXCR4 and CXCL6. β-actin was used as a loading control.
CXCL6: Granulocyte chemotactic protein-2; CXCL12: Stromal cell-derived
factor-1; CXCR4: CXC chemokine receptor 4.

To investigate the interaction between colon cancer
and stromal cell-derived CXCL12 in the tumor
microenvironment, we next examined the role of cellderived CXCL12 on HUVECs’ invasiveness using the
Matrigel double culturing chamber invasion assay.
The invasive capability of HUVECs were enhanced
by co-cultivation with fibroblasts (P < 0.01; Figure
4E) and DLD-1 (P < 0.01; Figure 4F); meanwhile,
the enhancement of HUVEC invasive behavior was
inhibited by neutralizing anti-CXCL12 Ab (P < 0.01),
and the addition of recombinant CXCL6 significantly
enhanced HUVECs invasiveness in co-cultivation with
fibroblasts system as well (P < 0.01; Figure 4E). At
the same time, co-cultivation with CaCo-2 cells did not
significantly increase the invasion of HUVECs.

enhanced CXCL6 secretion level in the HUVEC culture
supernatants as well (P < 0.01), because fibroblasts
could secrete CXCL12 protein. Furthermore, the
enhanced CXCL6 production elicited by co-culturing
with fibroblast cells and recombinant CXCL12 were
significantly inhibited in the presence of CXCL12 Ab (P
< 0.01).

CXCL6 and CXCL12 enhancement of tube formation

HUVEC proliferation following treatment with CXCL6,
CXCL12 and fibroblast cell-cultured supernatants

To further determine the role of CXCL12 and CXCL6
in the living cell microenvironment, we focused on
the interaction between tumor cells and stromal cells
by characterizing angiogenic activity in co-cultured
fibroblasts and vascular ECs, and the effect of CXCL6
and CXC12 in this system. Initially, we measured the
influence of CXCL6 and CXCL12 on tube formation
by HUVECs. HUVEC tube formation was signiﬁcantly
enhanced in a dose-dependent manner following
treatment CXCL6 (P < 0.01; Figure 5A) and CXCl12
(P < 0.01; Figure 5B). The enhanced angiogenesis of
HUVECs was inhibited by the addition of neutralizing
anti-CXCL6 and anti-CXCL12 Ab (P < 0.01).

To create stromal cell supernatants, fibroblast cells
6
were seeded to a ﬁnal number of 5 × 10 cells/5 ml
into 100-mm dishes containing medium with 10%
FBS, and were cultured overnight. Cells were then
cultured in medium containing 2% FBS for 48 h.
The culture media were collected and microfuged
at 1500 rpm for 5 min to remove any particles, and
the supernatants were used in proliferation assays.
Recombinant CXCL6 elicited enhanced proliferation
of HUVECs in a dose-dependent manner, and coculture with fibroblasts caused significantly enhanced
HUVEC proliferation (P < 0.05, P < 0.01; Figure 3A).
Recombinant CXCL6 also promoted the proliferation
of HUVECs in a concentration-dependent manner (P <
0.05, P < 0.01; Figure 3B).

Effect of colon cancer cells with or without CXCL12 on
tube formation by HUVECs

In order to explore the different secreted CXCL2 of
colon cancer cells influence on tube formation by
HUVECs, we cultured three cell lines using double
chamber methods to determine the interaction
among them. The tubular formation was significantly
enhanced by co-culture with DLD-1 cells compared
with control (HUVECs and fibroblasts only) or coculture with HT-29 and CaCo-2 cells, respectively (P
< 0.01; Figure 5c). Moreover, the CXCL12 and CXCL6
could significantly promote the tubular formation in
co-culture with HT-29 and CaCo-2 cells system (P <
0.01). In contrast, the enhanced tubular formation by
HUVECs was significantly inhibited by addition of anti

CXCL6 and CXCL6 promotion of colon cancer cell and
HUVEC invasiveness

The invasion assay was used to investigate whether
CXCL12 and CXCL6 influence invasiveness of colon
cancer cell lines. The invasive capacity of HT-29 cells
was promoted by stimulation using recombinant
CXCL6 (Figure 4A) and CXCL12 (Figure 4B) in a
concentration-dependent manner (P < 0.05, P < 0.01),
and 10 ng/mL of CXCL6 and CXCL12 significantly
promoted cancer cell invasion (P < 0.01). Interestingly,
CXCL6 (Figure 4C) and CXCL12 (Figure 4D) also
significantly enhanced the invasion of HUVECS in
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Activation of the PI3K/Akt/mTOR signaling pathway after
CXCL12 stimulation in colon cancer and stromal cells

We used the colon cancer cell HT-29 and stromal cell
HUVECs to examine activation of the PI3K/Akt/mTOR
signaling pathway, a downstream target of CXCL12.
The stimulation by 10 ng/mL of CXCL12 could increase
Akt (Figure 6A), PI3K (Figure 6B) and mTOR (Figure
6C) phosphorylation in a time-dependent manner
in HT-29 cells and HUVECs. To determine the role of
mTOR, we investigated the effect of CXL12 and PI3K/
Akt inhibitor on the activation of mTOR in colon cancer
cells and HUVECs; we looked at the effects of IGF-1
and/or PI3/Akt kinase inhibitors on the activation of
mTOR in these cells. HT-29 and HUVECs were pretreated for 60 min with PI3K/Akt inhibitors and then
stimulated overnight with CXCL12 (100 ng/mL). The
extracted proteins were separated by SDS-PAGE,
transferred to membranes, and the membranes
probed with Ab directed against phospho-mTOR and
total mTOR. We found that by CXCL12-mediated
increase phospho-mTOR was inhibited by 50 µmol/L
PI3K inhibitor (LY294002) and 50 µmol/L Akt kinase
inhibitor. These data indicate that CXCC12 regulates
the PI3K/Akt/mTOR signaling pathway activity and

CXCL12 CXCL12 + Ab with FB with DLD-1

Figure 2 Enhancement of secreted granulocyte chemotactic protein-2
levels in colon cancer cell lines and stromal cells by recombinant stromal
cell-derived factor-1 and co-culture with fibroblasts. The alteration of
CXCL6 secretion from colon cancer cell lines [CaCo-2 (A), WiDr (B), HT-29
(C) and DLD-1 (D)] by recombinant CXCL12 stimulation or co-culture with
fibroblasts (FB) were determined by enzyme-linked immunosorbent assay
in cell culture medium. Meanwhile, colon cancer cells were treated with antiCXCL12 antibody (Ab) for 2 h, and the concentration of CXCL6 was measured
by ELISA in supernatants from colon cancer cells. Effect on secretion of CXCL6
from HUVECs stimulated by recombinant CXCL12 in co-culture system with
fibroblasts and the colon cancer cells DLD-1 are shown (E). The experimental
detail is described in the “Materials and Methods” section. Control: colon cancer
cells only; FB: fibroblasts only; CXCL12: treated with recombinant CXCL12;
with FB: colon cancer cells co-cultured with fibroblasts; with FB + Ab: colon
cancer cells co-cultured with fibroblasts and pre-treated with anti-CXCL12 Ab.
The values are expressed as mean ± SD. Ab: Antibody; CXCL6: Granulocyte
chemotactic protein-2; CXCL12: Stromal cell-derived factor-1; HUVEC: Human
umbilical vein endothelial cell.
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Figure 3 Effect of stromal cell-derived factor-1, granulocyte chemotactic
protein-2 and conditioned medium from fibroblasts on human umbilical
vein endothelial cell proliferation. HUVECs were cultured in medium
containing different concentrations of CXCL6 (A), CXCL12 (B) and conditioned
medium from fibroblasts. After 72 h of incubation, HUVEC proliferation was
assessed using premixed WST-1 cell proliferation assay (column mean
absorbance reading; Bars = SD). Multiple comparisons were performed by
one-way ANOVA followed by the SNK test; aP < 0.05, bP < 0.01. CXCL6:
Granulocyte chemotactic protein-2; CXCL12: Stromal cell-derived factor-1;
HUVEC: Human umbilical vein endothelial cell.
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Figure 4 Effect of granulocyte chemotactic protein-2, stromal cell-derived factor-1 and co-culture with fibroblasts or DLD-1 on colon cancer cell and
human umbilical vein endothelial cell invasiveness. The influence of different concentrations of CXCL6 (A), CXCL12 (B) or co-culture with fibroblasts on colon
cancer cell invasiveness was measured by the BD Bio-Coat Matrigel invasion assay system (BD Biosciences). HT-29 (A and B) cells and HUVECs (C and D) were
pre-treated with different concentrations of CXCL6 and CXCL12, and co-culture with fibroblasts (E) or DLD-1 (F), or pre-treated with or without anti CXCL6 or CXCL12
antibody, and following a 24-h incubation. The invading cells were fixed and stained with Diff-Quick stain. Invading cells were counted in five random microscopic fields (×
200). The experiment detail is described in the “Material and Methods” section. Multiple comparisons were performed by one-way ANOVA followed by the SNK test; aP
< 0.05, bP < 0.01. A1: HT-29 cells only; A2: 0.1 ng/mL of CXCL6; A3: 1 ng/mL of CXCL6; A4: 10 ng/mL of CXCL6. B1: HT-29 cells only; B2: 0.1 ng/mL of CXCL12; B3:
1 ng/mL of CXCL12; B4: 10 ng/mL of CXCL12; C1: HUVECs only; C2: 1 ng/mL of CXCL6; C3: 10 ng/mL of CXCL6; C4: 10 ng/mL of CXCL6 treated with 10 μg/mL
CXCL6 Ab. D1: HUVECs only; D2: 1 ng/mL of CXCL12; D3: 10 ng/mL of CXCL12; D4: 10 ng/mL of CXCL12 treated with 10 μg/mL CXCL12 Ab. E1: HUVECs only;
E2: HUVECs co-culture with fibroblasts; E3: Co-culture with fibroblasts + 10 μg/mL CXCL12 Ab; E4: Co-culture with fibroblasts + 10 ng/mL CXCL6. F1: HUVECs
only; F2: HUVECs co-culture with DLD-1 cells; F3: Co-culture with DLD-1 cells + 10 μg/mL CXCL12 Ab; F4: Co-culture with CaCo-2 cells. Ab: Antibody; CXCL6:
Granulocyte chemotactic protein-2; CXCL12: Stromal cell-derived factor-1; HUVEC: Human umbilical vein endothelial cell.

suggest that the PI3K/Akt/mTOR signaling pathway
could participate in the regulation of metastatic
behavior by colon cancer cells (Figure 6D).

cytokines, which are founded in the microenvironment,
represent a significant difference between tumors
[30]
and normal tissues . The tumor microenvironment
contains secreted chemokines representing distinctive
profiles, the components of each having specific target
cells. The chemokine CXCL12, through its receptor
CXCR4, positively regulates angiogenesis by promoting
EC migration and tube formation. However, the relevant
downstream signaling pathways in EC have not been
defined.
Our previous studies elucidated that IL-1α is
one of the most important inﬂammatory cytokines
involved in the metastatic process of colon cancer.
IL-1α contributed to the regulation of tumor growth,
progression, and liver metastasis in primary gastric
carcinoma and pancreatic cancer. Pancreatic cancer
cell-derived IL-1α increases fibroblast-derived
hepatocyte growth factor (HGF) secretion in a
paracrine manner, and that enhanced HGF expression
promotes invasion, proliferation and angiogenesis of
cancer cells. In the living microenvironment of the
tumor, the chemokines act as couriers or guides for
promoting tumor development and the metastasis
[31-33]
process
.

DISCUSSION
Many tumors produce chemokines, which may explain
the presence of the tumor-associated microenvironment.
However, the role of these chemokines in tumor biology
is still unclear. Chemokines form a complex family of
small, secreted proteins that play important roles in
innate and adaptive immunity, homeostatic processes,
[4]
angiogenesis and tumorigenesis . Recent exploration
of the tumor microenvironment has become the crux
of research aimed at explaining tumor behaviors,
especially those involving metastasis of solid tumors as
in colon, stomach, liver, lung and breast cancers.
The tumor microenvironment consists of tumor,
stromal, immune and inflammatory cells, all of which
produce cytokines, growth factors and adhesion
[26,27]
molecules
, and the abnormal expression of
cytokines has been shown to have great effect on
tumor behaviors, such as tumor progression and
[28,29]
metastasis
. The CXC chemokine family of
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Figure 5 Effect of granulocyte chemotactic protein-2, stromal cell-derived factor-1 and co-culture with colon cancer cells on angiogenesis. The treatment
of CXCL6 (A) and CXCL12 (B) influence HUVEC tube formation. After incubation of the HUVEC/fibroblast co-culture system in the presence or absence of CXCL6
or anti-CXCL12 Ab, then co-culture for 7 d, the HUVEC/fibroblast co-culture system was stained with anti-CD31 antibody. Tube formation area was measured
quantitatively using an image analyzer. A1: Control; A2: 1 ng/mL CXCL6; A3: 10 ng/mL CXCL6; A4: 10 ng/mL CXCL6 + 10 μg/mL of CXCL6 Ab. B1: Control; B2: 1
ng/mL CXCL12; B3: 10 ng/mL CXCL12; B4: 10 ng/mL CXCL12 + 10 μg/mL of CXCL12 Ab. Effect of colon cancer cells (DLD-1, HT-29 or CaCo-2) on HUVEC tube
formation is shown (C). Angiogenesis assay by HUVEC/fibroblast co-culture with DLD-1, HT-29 or CaCo-2 cells was conducted using the double-chamber method.
Detection of tube formation by HUVECs was described in the “Material and Methods” section. C1: Co-culture with DLD-1; C2: Co-culture with DLD-1 + 10 ng/mL of
CXCL6; C3: Co-culture with DLD-1 + 10 ng/mL of CXCL12; C4: Co-culture with DLD-1 + 10 μg/mL of CXCL12 Ab; C5: Co-culture with HT-29 cells; C6: Co-culture with
HT-29 cells pre-treated with 10 ng/mL CXCL6; C7: Co-culture with HT-29 cells pre-treated with 10 ng/mL CXCL12; C8: Co-culture with HT-29 + 10 μg/mL of CXCL12
Ab; C9: Co-culture with CaCo-2 cells; C10: Co-culture with CaCo-2 cells pre-treated with 10 ng/mL CXCL6; C11: Co-culture with CaCo-2 cells pre-treated with 10 ng/
mL CXCL12; C12: Co-culture with CaCo-2 cells pre-treated with 10 μg/mL anti-CXCL12 antibody. Columns, mean pixels of HUVEC tube formation area; Bars = SD.
Multiple comparisons were performed by one-way ANOVA followed by the SNK test; bP < 0.01 vs control. Ab: Antibody; CXCL6: Granulocyte chemotactic protein-2;
CXCL12: Stromal cell-derived factor-1; HUVEC: Human umbilical vein endothelial cell.
[34]

As a structural component of tumor tissue,
fibroblasts have been shown to be deeply involved
in tumor proliferation and the mitogenic processes.
Fibroblasts produce certain cytokines that influence
[4]
neighboring cells, including malignant cells . The
precise role of chemokines in neovascularization
during inflammation or tumor growth is not yet fully
understood. We investigated here whether cancer cell
stromal cell-derived CXCL12 influences colon cancer
CXCL6 secretion, thereby co-regulating the metastatic
potential of colon cancer. Our results revealed that
CXCL12 was expressed in DLD-1 and fibroblasts, while
CXCL6 and CXCR4 were expressed in all cell lines.
The most salient observations of our study were
that the secreted CXCL6 levels by colon cancer cells
and HUVECs were significantly promoted by cancer cell
(DLD-1)- and stromal cell (fibroblast)-derived CXCL12
in the co-culturing system, and that the enhanced
CXCL6 production could be significantly inhibited by
CXCL12 Ab. Similar results were reported for other
effects through the up-regulation of MMP-9, providing
a possible mechanism mediating the effect of CXCL6
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on metastasis . In our study, CXCL6 and CXCL12 not
only co-operatively enhanced proliferation and invasion
of HUVECs, but also promoted the invasion of colon
cancer cells. Similarly, CXCL6 has been reported to be
up-regulated in colon cancer, and plays key roles in
the induction and maintenance of gut inflammation,
enhancing the development and growth of colitis[35]
associated colorectal cancer .
To further investigate the inaction between CXC
chemokines and cancer cell living microenvironment,
we focused on the interaction between tumor cells
and stromal cells by characterizing angiogenic activity
in co-cultured fibroblasts and vascular ECs, and the
effect of CXCL6 and CXC12 in this system. HUVEC
tube formation was signiﬁcantly enhanced by CXCL6.
We aimed to explore the influence of different secreted
CXCL2 from colon cancer cells on tube formation
by HUVECs. The tubular formation was significantly
enhanced by co-culture with DLD-1 cells, as compared
with colon cancer cells, and this is related to the
produced CXCL12. In contrast, the enhanced tubular
formation by HUVECs was significantly inhibited by
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Figure 6 Stromal cell-derived factor-1-induced phosphorylation of PI3K/Akt/mTOR signaling in colon cancer cell lines and stromal cells. HT-29 cells and
HUVECs were treated with 10 ng/mL of CXCL12 cultured for 5, 10 and 30 min. The cells were collected and lysed by lysis buffer. Aliquots of 30 μg of lysed protein
were subjected to immunoblotting with a phospho-Akt (A), phospho-PI3K (B) and phosphor-mTOR (C) Abs. Detection of total Akt, PI3K or mTOR levels aided in
loading control. HT-29 cells or HUVECs, after being pre-treated with 50 μmol/L Akt inhibitor and 50 μmol/L LY294002 for 1 h, were incubated with 10 ng/mL CXCL12
for 1 h. Results of immunoblotting using the mTOR Ab is shown (D). Detection of total mTOR levels served as loading control. Ab: Antibody; CXCL6: Granulocyte
chemotactic protein-2; CXCL12: Stromal cell-derived factor-1; HUVEC: Human umbilical vein endothelial cell.

addition of anti-CXCL12 Ab in co-culture with DLD-1
cells (Figure 5). CXCL12 should be the initial factor
secreted by fibroblasts, and the target colon cancer
cells enhanced the secretion of CXCL6 after CXCL12
combined with its receptor CXCR4. The proliferation and
invasion of colon cancer cells and HUVECs have been
activated and enhanced after a series of complicated
biochemical reactions.
Breakthroughs of insights into the tumor micro
environment have made great contributions towards
clinical treatment. All kinds of anti-carcinoma chemotherapeutics have been based upon this mechanism,
and there is no exception among the newly targeted
cancer therapies or the gene therapies; proof of effects
on critical pathways in proliferation or differentiation
are sought. Chemokines are chemo-attractant
cytokines that regulate genetic activity of leukocytes
and other cell types, including tumor and stromal
[36]
cells . It is already known that mTOR is an atypical
intracellular serine/threonine protein kinase regulated
by PI3K. The activated mTOR pathway has been
identified in several human malignancies, thus being
[37]
an attractive target for anticancer therapy .
Our results showed that CXCL12-enhanced secretion
level of CXCL6 co-regulation of invasion, proliferation
and angiogenesis were dependent on PI3K-Akt-mTOR
signaling activation. However, both of these factors upregulation of PI3K-Akt-mTOR survival signaling were
decreased by selective inhibitors of PI3K and Akt. All
these results suggest that both the CXCL12 factor
and the enhancement of CXCL6 expression serve to
co-operatively promote metastatic potential in colon
cancer cells. CXCL12-induced activation of this signaling
pathway could be inhibited by PI3K/Akt inhibitor,
consistent with the inhibition of metastatic capabilities of
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colon cancer cells. This cascade may be a key pathway
for colon cancer cells to metastasize.
Crosstalk between CXCR4, CXCL12 and PI3K/
mTOR has been previously described in peritoneal
disseminated gastric cancer and pancreatic cancer.
The solid tumors indicate an interconnection be
tween CXCL12 and mTOR signaling. Interfering with
mTOR signaling has abolished chemotaxis towards
[38]
CXCL12 . The mTOR will enhance cell growth and
proliferation via promotion of the ribosome S6 protein
kinase (p70S6K) and inhibition of the eIF4E-binding
proteins (4E-BP1), and can even enhance the secretion
of vascular endothelial growth factor and angiogenesis
by promoting expression of the transcription factor
hypoxia-inducible factor 1 and its downstream target
genes. Under a series of exterior and interior factors,
cancer cell proliferation and invasion can be induced
and cell apoptosis can be avoided by initiating the
[39]
PI3K/Akt/mTOR pathway .
In conclusion, this is the first report on the con
comitant involvement of CXC12 and CXCL6 both
transducing the mTOR pathway, affecting progression
and spreading of human colon cancer cells, ultimately
suggesting that targeting of CXCR4 and mTOR may
improve therapeutic efficacy and prevent mTORtargeting agents’ resistance. Our work should encourage
further investigation into more potent angiogenesis
modulating agents to improve the effectiveness of colon
cancer therapies.

COMMENTS
COMMENTS
Background

Colon cancer is the fourth most frequently diagnosed cancer worldwide. The
poor prognosis of colon cancer is attributable to its tendency of metastases.
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However, the precise mechanisms of metastasis are still unknown. The target
of this study was to investigate the underlying mechanism by which CXCL12
and CXCL6 influences the metastatic potential of colon cancer and the
internal relation of colon cancer and stromal cell, as well as to investigate the
interaction with CXCL12/CXCL6/PI3K/Akt/mTOR signaling in the metastatic
process.

5
6

Research frontiers

The functions of CXC chemokines in the tumor microenvironment depend
considerably on the chemokine type and tumor and stromal cell characteristics.
Both the angiogenesis-promoting effect of CXCL6 and chemotactic effect of
CXCL12 play important roles in tumorigenesis and metastasis. However, the
molecular mechanisms of the activity signaling pathway by which CXCL12
and CXCL6 co-operatively regulate metastasis of colon cancer remain to be
clarified.
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Innovations and breakthroughs

10

This research provides the first demonstrations of fibroblast-derived CXCL12
enhancing CXCL6 secretion of colon cancer cells. CXCL6 and CXCL12 not
only co-operative enhanced proliferation and invasion of HUVECs, but also
promoted the invasion of colon cancer cells via the PI3K/Akt/mTOR signaling
pathway. Blocking this pathway may be a potential anti-metastatic therapeutic
target for patients with colon cancer. This work might encourage further
investigation into more potent angiogenesis modulating agents to improve the
effectiveness of colon cancer therapies.
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Applications

The concomitant involvement of CXC12 and CXCL6 transduces the mTOR
pathway, affecting progression and spread of human colon cancer cells. The
authors suggest that targeting CXCR4 and mTOR may improve therapeutic
efficacy and prevent mTOR- targeting agents’ resistance. The authors’
work should encourage further investigation into more potent angiogenesis
modulating agents to improve the effectiveness of colon cancer therapies.
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14

Terminology

The CXC chemokine family of cytokines, found in the microenvironment,
represent the significantly distinctive profiles of tumors and normal tissues. The
tumor microenvironment contains secreted chemokines representing distinctive
profiles, the components of each having specific target cells. The chemokine
CXCL12, through its receptor CXCR4, positively regulates angiogenesis by
promoting endothelial cell (EC) migration and tube formation.
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Peer-review

16

The results of this study for the relationship between CXCL6 and CXCL12 in
colorectal cancer and ECs seem to be of interest to many readers, and the
experiment is well planned. But, before publication, several issues have to be
considered.
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Abstract
AIM
To determine the pathogenesis and potential single
nucleotide polymorphisms (SNPs) as screening sites
for colonic polyps, colon cancer and ulcerative colitis,
and to analyze the possible association between these
genetic polymorphisms and the three diseases.
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METHODS
We evaluated genetic polymorphisms in 144 newly
diagnosed colonic polyp patients, 96 colon cancer
patients and 44 ulcerative colitis patients. The
four SNPs genotyped were rs4809957, rs6068816,
rs6091822 and rs8124792. The control group consisted
of 504 East Asians enrolled in the 1000 Genomes
Project. Correlations between CYP24A1 SNPs and the
diseases were analyzed by Fisher’s exact probability
test.
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[3-5]

RESULTS
CYP24A1 polymorphisms rs4809957 A/G and rs6068816
C/T showed a statistically significant association with
risk of the three diseases, when both the genotypes
and allele frequencies were considered. With regard
to rs6091822 G/T, all three diseases were related to
risk allele carriers (GT + TT) vs wild-type (GG), but the
associations between the allele frequencies and the
diseases were not significant. The risk of colonic polyps
and colon cancer was related to the allele frequencies
of rs8124792 G/A, and this association remained for
genotype frequencies of this SNP.

in Europe, the United States and Asia . The value of
these screening methods in detecting early cancer and
reducing CRC-related mortality is well established.
For population-based CRC screening in China, a twostep screening strategy has been recommended by the
Chinese Center for Disease Control and Prevention, the
Ministry of Health of China: the immunochemical Fecal
Occult Blood Test (iFOBT) and a quantitative high-risk
factor questionnaire as the primary screening test, with
[6]
a full colonoscopy for follow-up screening . However,
only 37.2% of the target population accepted an iFOBT
in a CRC screening program conducted in Hangzhou
[7]
city . The low participation rate in screening is also
a common problem in other countries in Asia. The
participation rate is mainly affected by insufficient staff,
possible adverse events and differences in government
[8]
insurance systems .
Thus, it is very important to identify novel molecular
signatures as reliable biomarkers of CRC. Their
application in a more advanced and easily obtainable
primary screening test may improve CRC diagnosis
in high-risk populations that require colonoscopy,
and may be cost-effective. Albumin, haptoglobin,
transferrin, pyruvate kinase (PK) isoenzyme type M2,
calprotectin, Ca3 anaphylatoxin and colon-specific
antigen (CCSA-3 and CCSA-4) have been reported
[3]
as alternative biomarkers for the detection of CRC .
In addition, DNA-related markers have received
considerable attention.
The association between CRC and vitamin D was
observed in humans and confirmed in animal models
[9]
and cell lines . Interestingly, many cancers have
been found to be associated with low serum level of
the precursor 25-hydroxyvitamin D3 (25-D3), but not
[10]
with serum concentration of the active vitamin D .
This may be due to the extra-renal autocrine/paracrine
vitamin D system, which synthesizes and degrades
the active 1,25-D3 (Vitamin D3, 1,25-dihydroxyvitamin
D3, [1α,25-(OH)2D3]) locally. Thus, vitamin D hydro
[11]
xylases play a prominent role in this process . The
CYP24A1 gene encodes a vitamin D3 catabolic enzyme.
The expression level of CYP24A1 was found to be
[12,13]
significantly higher in CRC tissues
. Although the
mechanism of this up-regulation is unclear, CYP24A1
may be an interesting candidate biomarker for use in
the screening of colonic cancer.
It is estimated that 35% of CRC risk may be
[14]
explained by heritable factors . A single nucleotide
polymorphism (SNP) is the most common genetic
variation, and may be a reliable biomarker of the
genetic background of patients to predict the risk of
[15]
CRC . The SNPs in CYP24A1 gene have been partially
[16]
determined. Pibiri et al reported that rs6022990 was
nominally associated with left-sided CRC (P = 0.018)
[17]
in African Americans. Dong et al found a statistically
significant association between rs4809958 and colon
cancer risk in patients from three states in the United
States. However, the association between CYP24A1

CONCLUSION
Four SNPs are related to the risk of colonic polyps and
colon cancer. G allele in rs6091822 G/T may play an
anti-cancer role only if it is homozygous. The A allele,
which is a minor component of rs8124792, may be
indicated in the diagnosis of colonic polyps or colon
cancer rather than ulcerative colitis.
Key words: CYP24A1 ; Single nucleotide polymorphisms;
Colonic polyps; Colon cancer
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To determine the pathogenesis and potential
single nucleotide polymorphisms (SNPs) as screening
sites for colonic polyps and colon cancer, we examined
four SNPs located in CYP24A1 in patients with colonic
polyps, colon cancer, ulcerative colitis and controls,
and found a statistically significant association with
risk of the three diseases. Our research represents the
first investigation on CYP24A1 gene polymorphisms
in colonic polyp patients. These findings predicted a
potential role of CYP24A1 polymorphisms as biomarkers
for population-level screening of colon cancer.
Chen XQ, Mao JY, Li WB, Li J, Yang H, Qian JM, Li JN.
Association between CYP24A1 polymorphisms and the risk of
colonic polyps and colon cancer in a Chinese population. World
J Gastroenterol 2017; 23(28): 5179-5186 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i28/5179.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i28.5179

INTRODUCTION
Colorectal cancer (CRC) is a leading cause of cancer
incidence and mortality in China. It is the fifth most
common tumor and the fifth leading cause of cancer[1]
related deaths in China , and is predicted to increase
in the future as the standardized incidence rate of CRC
among Chinese people increased by 66.83% from
[2]
12.15/100000 in 1990 to 20.27/100000 in 2013 .
To date, there are no ideal diagnostic tests, and
fecal occult blood, flexible sigmoidoscopy and optical
colonoscopy are the main screening methods for CRC
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(CHS), Chinese Dai in Xishuangbanna, China (CDX)
and Kinh in Ho Chi Minh City, Vietnam (KHV).

Table 1 Characteristics of the study population
Cases
P value
Colonic polyps, Colon cancer, Ulcerative colitis,
n = 144
n = 96
n = 44

Variable

Sex, n (%)
Males
Female
Age in years,
mean ± SD

0.9631
70 (48.6)
74 (51.4)
56.1 ± 10.7

48 (50.0)
48 (50.0)
58.8 ± 14.1

21(47.7)
23 (52.3)
55.0 ± 12.4

SNP selection and genotyping

The following four SNPs were genotyped: rs4809957,
rs6068816, rs6091822 and rs8124792. All were single
nucleotide substitutions, previously identified within
the CYP24A1 gene (www.ncbi.nlm.nih.gov/snp/).
These SNPs have minor allele frequency (MAF) of ≥
5% in the Hap-Map CHB population. Genotyping was
carried out using Sequenom MassARRAY assays and
TYPER4.0 software (SEQUENOM Inc., San Diego, CA,
United States). Primer sequences for PCR and singlebase extension were designed by Assay Design 3.1
(SEQUENOM Inc.). Multiplex PCR was performed
to amplify DNA isolated from the peripheral blood.
PCR reactions were treated with shrimp alkaline
phosphatase to neutralize unincorporated dNTPs. A
single-base extension reaction was performed after
PCR. Reactions were subjected to a 3-fold dilution with
H2O, and fragments were purified with resin, spotted
onto Sequenom SpectroCHIP microarrays and scanned
by MALDI-TOF mass spectrometry. The laboratory staff
who conducted the genotyping assays was blinded to
the patients’ information. All reported P values were
uncorrected unless stated otherwise.

1

0.14012

P value was calculated by the χ 2 test; 2P value was calculated by the
ANOVA test.
1

gene polymorphisms and colonic polyps has never
been determined. Given the crucial role of CYP24A1
in the development of cancer, it is plausible that the
CYP24A1 polymorphisms may affect the risk of colonic
polyps and colon cancer.
To determine the pathogenesis and potential
SNPs as screening sites for colonic polyps and colon
cancer, we conducted a case-control study. In this
study, we selected four SNPs located in CYP24A1,
and examined these SNPs in patients with colonic
polyps, colon cancer, ulcerative colitis and controls,
analyzing the possible association between these
genetic polymorphisms and the three diseases. To the
best of our knowledge, this is the first investigation
on CYP24A1 gene polymorphisms in patients with
colonic polyps, and the first investigation to study the
relationship between SNPs in CYP24A1 gene and colon
cancer risk in a Chinese population.

Statistical analysis

Statistical analyses were carried out using the IBM
SPSS Statistics 22.0 software (IBM Corp., Armonk,
NY, United States). Correlations between CYP24A1
SNPs and diseases were analyzed by Fisher’s exact
-9
probability test. All tests were two-sided, and P < 10
was considered statistically significant.

MATERIALS AND METHODS
Study population

A total of 144 newly diagnosed colonic polyp patients,
96 colon cancer patients and 44 ulcerative colitis
patients were enrolled in this study between January
and May 2015. Eighty-three of the CRC cases were
from Henan Cancer Hospital in Zhengzhou and the
others were from Peking Union Medical College
Hospital in Beijing, China. All patients had a confirmed
diagnosis, fulfilling standard diagnostic criteria
according to clinical, endoscopic, radiological and
histopathological findings. All patients gave written
informed consent. Five milliliter venous blood was
collected from each patient to extract DNA, and all DNA
samples and data were handled anonymously. DNA
was isolated from peripheral blood leukocytes using
the standard proteinase K digestion, phenol/chloroform
extraction and ethanol precipitation, and stored at
-80 ℃. Demographic and clinical data were collected
during in-person interviews using a questionnaire,
and included age, sex, ethnicity, residential region and
date of diagnosis. The control group consisted of 504
East Asians enrolled in the 1000 Genomes Project,
and included Han Chinese in Beijing, China (CHB),
Japanese in Tokyo, Japan (JPT), Southern Han Chinese

WJG|www.wjgnet.com

RESULTS
Population characteristics

A total of 144 incident cases of colonic polyps, 96 of
colon cancer, 44 of ulcerative colitis and 504 controls
were enrolled in this study. As shown in Table 1, the
case groups and the control group had similar sex and
age distributions.

Association analysis

Results of the analysis by genotype categories using
Fisher’s exact test are shown in Table 2. Table 3 shows
the results of the analysis by alleles using the Chisquare test and odds ratio (OR) for the association
of each polymorphism with the three diseases. The
MAF and test for Hardy-Weinberg equilibrium in the
controls for each SNP are shown in Table 3. All SNPs
met quality-control measures for the Hardy-Weinberg
equilibrium.
Rs4809957 A/G and rs6068816 C/T showed a
statistically significant association with the risk of
colonic polyps, colon cancer and ulcerative colitis,
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Table 2 Association between the selected single nucleotide
polymorphisms and risks of colon cancer, polyp and ulcerative
colitis
Variable (MJ/MI)
rs4809957 A/G

Cases/controls

Genetic model

Cancer/1KGeno

AG + GG vs AA
G vs A
GG vs AG + AA
AG + GG vs AA
G vs A
GG vs AG + AA
AG + GG vs AA
G vs A
GG vs AG + AA
AG + GG vs AA
G vs A
GG vs AG + AA
AG + GG vs AA
G vs A
GG vs AG + AA
AG + GG vs AA
G vs A
GG vs AG + AA
CT + TT vs CC
T vs C
TT vs CT + CC
CT + TT vs CC
T vs C
TT vs CT + CC
CT + TT vs CC
T vs C
TT vs CT + CC
CT + TT vs CC
T vs C
TT vs CT + CC
CT + TT vs CC
T vs C
TT vs CT + CC
CT + TT vs CC
T vs C
TT vs CT + CC
GT + TT vs GG
T vs G
TT vs GT + GG
GT + TT vs GG
T vs G
TT vs GT + GG
GT + TT vs GG
T vs G
TT vs GT + GG
GT + TT vs GG
T vs G
TT vs GT + GG
GT + TT vs GG
T vs G
TT vs GT + GG
GT + TT vs GG
T vs G
TT vs GT + GG
GA + AA vs GG
A vs G
AA vs GA + GG
GA + AA vs GG
A vs G
AA vs GA + GG
GA + AA vs GG
A vs G
AA vs GA + GG
GA + AA vs GG

Polyp/1KGeno

UC/1KGeno

Cancer/Polyp

Cancer/UC

Polyp/UC

rs6068816 C/T

Cancer/1KGeno

Polyp/1KGeno

UC/1KGeno

Cancer/Polyp

Cancer/UC

Polyp/UC

rs6091822 G/T

Cancer/1KGeno

Polyp/1KGeno

UC/1KGeno

Cancer/Polyp

Cancer/UC

Polyp/UC

rs8124792 G/A

Cancer/1KGeno

Polyp/1KGeno

UC/1KGeno

Cancer/Polyp

WJG|www.wjgnet.com

Cancer/UC

P for Fisher's

Polyp/UC

test

2.20E-16
2.20E-16
2.20E-16
2.20E-16
2.20E-16
2.20E-16
2.20E-16
2.20E-16
9.37E-09
0.7998
0.8036
1.0000
0.4362
0.4424
1.0000
0.3011
0.3096
1.0000
2.20E-16
2.20E-16
2.20E-16
2.20E-16
2.20E-16
2.20E-16
2.29E-09
2.20E-16
2.20E-16
1.0000
0.4635
0.4546
1.0000
0.2786
0.2658
1.0000
0.06703
0.06164
2.20E-16
1.06E-08
0.000472
2.20E-16
4.06E-12
0.001364
1.32E-13
2.40E-05
0.2411
1.0000
0.9258
0.5180
1.0000
0.8971
0.3094
1.0000
1.0000
0.5456
2.20E-16
2.20E-16
0.000758
2.20E-16
2.20E-16
4.75E-05
4.90E-09
2.91E-09
0.06359
1.0000

A vs G
AA vs GA + GG
GA + AA vs GG
A vs G
AA vs GA + GG
GA + AA vs GG
A vs G
AA vs GA + GG

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

1KGeno: Control from 1000 Genomes Project; Cancer: Colon cancer cohort;
MI: Minor allele (i.e., less common in controls); MJ: Major allele (i.e., more
common in controls); Polyp: Colonic polyp cohort; UC: Ulcerative colitis
cohort.

when both the genotypes and allele frequencies were
considered. The minimum OR for rs4809957 G when
compared with A in ulcerative colitis patients was
0.008, 95%CI: 0.001-0.055, P = 1.5659E-26. ORs
for rs6068816 C vs T in all diseases were high (OR =
32.086, 95%CI: 16.238-63.403 for colon cancer; OR
= 48.918, 95%CI: 24.888-96.150 for colonic polyps;
and OR = 18.260, 95%CI: 8.350-39.932 for ulcerative
colitis). For rs6091822, all three diseases were related
to minor allele carriers (GT + TT) vs major allele
homozygotes (GG), but other types of associations
(T vs G and TT vs GT + GG) were not significant. The
frequencies and distributions of the genotypes and
ORs for these associations are shown in Table 4. Risks
of colonic polyps and colon cancer were both related
to allele frequencies of rs8124792 G/A, and this
association remained for genotype frequencies for this
SNP. In ulcerative colitis patients, the difference in the
distribution was not significant.

DISCUSSION
The function of vitamin D is traditionally recognized
in calcium and phosphate homeostasis. However, the
protective role of vitamin D against various cancers has
been highlighted in recent research. The association
between CRC and reduced serum vitamin D3 levels
[9]
has been widely observed . Vitamin D exerts its
biological functions in its active form, vitamin D3.
Vitamin D3 binds the nuclear vitamin D receptor (VDR),
and then regulates hundreds of genes. Therefore,
vitamin D3 has an influence on cell proliferation,
differentiation, apoptosis, DNA repair mechanisms,
[9]
inflammation and immune function . It is confusing
that the serum concentration of the active 1,25-D3
does not show a constant relationship with CRC, but
[10]
low serum level of the precursor 25-D3 does . The in
situ autocrine/paracrine vitamin D system in colon cells
or colon cancer cells may be an important contributor
in the onset and progression of colon cancer, rather
than the serum level of vitamin D3 which is mainly
affected by the kidneys.
CYP24A1 encodes the enzyme 25-hydroxyvitamin
D3 24-hydroxylase, a key enzyme that catabolizes
1,25(OH)2D3 to the less active form 25-D3, which is
considered the main enzyme determining the biological

5182

July 28, 2017|Volume 23|Issue 28|

Chen XQ et al . CYP24A1 polymorphisms and risk of colonic polyps and CRC
Table 3 Associations between the selected single nucleotide polymorphisms and colon cancer, colonic polyp and ulcerative colitis,
and odds ratio for the association of each polymorphism with these diseases
a

a

HWE P

Variable (MJ/Mi )

MAF

rs4809957 A/G

0.393

0.476

rs6068816 C/T

0.388

0.434

rs6091822 G/T

0.284

0.208

rs8124792 G/A

0.281

0.616

a

Cases/controls

Genetic model

P for χ 2 test

Odds ratio for MI/MJ

Cancer/1KGeno
Polyp/1KGeno
UC/1KGeno
Cancer/1KGeno
Polyp/1KGeno
UC/1KGeno
Cancer/1KGeno
Polyp/1KGeno
UC/1KGeno
Cancer/1KGeno
Polyp/1KGeno
UC/1KGeno

G vs A
G vs A
G vs A
T vs C
T vs C
T vs C
T vs G
T vs G
T vs G
G vs A
G vs A
G vs A

2.50E-48
1.64E-64
1.57E-26
8.00E-47
8.72E-68
3.83E-22
3.72E-09
1.37E-12
0.00001
1.26E-13
2.93E-18
2.58E-07

0.021
0.026
0.008
32.086
48.918
18.260
2.524
2.596
2.645
0.083
0.086
0.062

95%CI
0.009
0.014
0.001
16.238
24.888
8.350
1.844
1.984
1.696
0.036
0.044
0.015

0.048
0.048
0.055
63.403
96.150
39.932
3.457
3.395
4.125
0.188
0.170
0.256

a

MAF and HWE were calculated among controls only. 1KGeno: Control from 1000 Genomes Project; Cancer: Colon cancer cohort; MI: Minor allele (i.e., less
common in controls); MJ: Major allele (i.e., more common in controls); Polyp: Colonic polyp cohort; UC: Ulcerative colitis cohort.

Table 4 Frequencies and distributions of rs6091822 G/T and odds ratio for the association
Variable (MJ/Mi)
rs6091822 G/T

Cases
Cancer/1KGeno
Polyp/1KGeno
UC/1KGeno

P for χ 2 test Odds ratio, GT + TT vs GG

Controls

GG

GT

TT

GG

GT

TT

0
0
0

142
96
42

2
0
1

262

198

44

1.30E-20
9.75E-29
1.53E-10

0.010
0.006
0.021

95%CI
0.001
0.001
0.003

0.069
0.046
0.154

MJ: Major allele (i.e., more common in controls); MI: Minor allele (i.e., less common in controls).

[11]

half-life of vitamin D3 . One study found that the
expression level of CYP24A1 was aberrantly increased
in CRC tissues both at the mRNA and protein levels
compared with corresponding non-cancerous tissues
[12]
from CRC patients , and another study revealed that
the expression level of CYP24A1 was absent or very
[13]
low in normal colon mucosa .
The mechanism of this up-regulation is unclear.
However, there are several hypotheses. CYP24A1
expression is highly induced by 1,25-D3 in a VDRretinoid X receptor-dependent manner, and a metaanalysis showed that very often VDR levels do not
[11]
correlate with CYP24A1 . Approximately 50 different
polymorphisms of CYP24A1 have been identified,
but are only partially characterized. None of the four
selected SNPs in our study have previously been
investigated in colon cancer patients.
In the present study, rs4809957 showed a
statistically significant association with the risk of
colonic polyps, colon cancer and ulcerative colitis,
when both genotypes and allele frequencies were
considered. The minimum OR for rs4809957 G when
compared with A in ulcerative colitis patients was 0.008,
95%CI: 0.001-0.055, P = 1.5659E-26. Our results
indicate that the G allele is a strong protective factor,
especially for ulcerative colitis, while the ORs in colonic
polyp and colon cancer patients were similar.
These findings are consistent with the distribution
of this polymorphism in non-small cell lung cancer
[18]
(NSCLC) . Rs4809957, located in the 3′ untranslated
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region which is adjacent to the polyA microsatellite
repeat, possibly affects the stability of CYP24A1 mRNA.
Rs4809957 has not been found to affect the function
or structure of protein encoded by the enzyme. It is
possible that the mechanisms protecting the colon
from inflammation or carcinogenesis are different, but
this requires further study.
Rs6068816 also showed a statistically significant
association with the risk of these three diseases. ORs
for rs6068816 C vs T in all diseases were high (OR
= 32.086, 95%CI: 16.238-63.403 for colon cancer;
OR = 48.918, 95%CI: 24.888-96.150 for colonic
polyps; and OR = 18.260, 95%CI: 8.350-39.932 for
ulcerative colitis). Thus, these findings indicate that
rs6068816 T is a strong risk factor for colon cancer
and colonic polyps. Inconsistently, the T of rs6068816
is a weak protective factor in NSCLC (TT vs CT + CC,
[18]
adjusted OR = 0.40, 95%CI: 0.26-0.60) . Changes in
rs6068816 would not affect the amino acid sequence of
the CYP24A1 expression product, but may affect intron
splicing.
For rs6091822, the risk of all three diseases was
related to allele carriers (GT + TT) vs major allele
homozygotes (GG), but other types of associations
(T vs G and TT vs GT + GG) were not significant.
The frequencies and distributions of rs6091822 G/T
and the OR for the association are described in Table
4. As there were expected frequency numbers less
2
than 5, the χ test may not be sufficiently precise
and Fisher’s exact test showed that there appears
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[24,25]

to be no difference in the distribution of TT in the
different groups. Our results suggest that the G
allele plays a novel anti-cancer role, especially when
homozygous, and the presence of minor allele T, even
in heterozygotes, can contribute to the presence of
colonic polyps or even colon cancer. Rs6091822 has
been reported to have a correlation with breast cancer,
[19]
but this finding was not constant in a different cohort .
The biological behavior of rs6091822 deserves further
investigation.
In our study, the risk of colonic polyps and
colon cancer was related to the allele frequencies of
rs8124792 G/A, and this association remained for
genotype frequencies of this SNP. In ulcerative colitis
patients, the difference in the distribution was not
significant. The A allele of rs8124792 may indicate the
diagnosis of colonic polyps or colon cancer rather than
ulcerative colitis. However, this conclusion was derived
from a small number of participants, and a large-scale
study is needed to verify this finding.
Our findings supported the associations between
SNPs on CYP24A1 and the risk of colonic polyps and
colon cancer, and predicted a potential role of CYP24A1
polymorphisms as biomarkers for population-screening
of colonic polyps and colon cancer. In China, a twostep screening method has been used. iFOBT and
a questionnaire of high-risk factors are used in the
first step. If the iFOBT is positive or the questionnaire
reports high-risk factors, a colonoscopy is suggested
as the second step. The addition of SNPs testing as
primary screening may further decrease the number
of high-risk subjects entering the second step and
undergoing colonoscopy, thus reducing the medical
cost and the rates of complications of colonoscopy.
However, the sensitivity and specificity of SNPs tests
deserve further investigation before it is applied in
clinical practice.
Our research represents the first investigation
on CYP24A1 gene polymorphisms in colonic polyp
patients. In our study, the polymorphisms had similar
distributions to those in colon cancer. This is concordant
with the onset and progression of colonic polyps and
colon cancer. Most cancers without family aggregation
and precancerous lesions in colon tissues are due to
abnormal activation of the Wnt/β-catenin signaling
pathway. 1,25-D3 can down-regulate this signaling
[20]
pathway in not only cancer tissues in CRC patients
but also in the non-malignant cell line LT97, which
[21]
harbors an adenomatous polyposis coli mutation .
Few studies have focused on the associations between
serum vitamin D and colorectal polyps, and different
to the situation in CRC patients, one study found that
serum vitamin D levels were not different between the
[22]
colorectal polyp and control groups . The role of SNPs
in colonic polyps requires further study.
Inflammatory bowel disease (IBD) is significantly
associated with having higher odds for vitamin D
[23]
deficiency . Several in vivo and in vitro studies have
examined the role of vitamin D in immune-mediated
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diseases such as IBD
. The consequences of vitamin
D deficiency on the gastrointestinal tract include,
but are not limited to, decreased colonic bacterial
[24]
clearance , reduced expression of tight junctions
in the intestinal epithelium, and elevated T helper 1
[23]
cell-driven inflammation at the gut level . However,
it is unclear whether this is the result of IBD-related
malabsorption due to intestinal mucosal damage, or
whether it is a possible contributor to disease onset
and progression. Several SNPs in the VDR gene appear
to confer susceptibility to ulcerative colitis in Asians, but
do not have a statistically significant effect on IBD risk
[26-28]
in Europeans
. Our study demonstrated that SNPs
in the vitamin D-related gene CYP24A1 are associated
with ulcerative colitis in Asians. Furthermore, this
association is similar with that for colonic polyps and
colon cancer. This suggests that SNPs participate
in the onset or progression of ulcerative colitis, and
are not only the result of ulcerative colitis-related
malabsorption. Although the mechanism is unclear, it
may be similar to the way in which vitamin D affects
the risk of colonic polyps and colon cancer.
There are some limitations in the present study that
must be considered. Firstly, although we present the
results of several novel associations, we cannot rule out
the possibility that some of these associations may be
due to chance, or the possibility of genetic pleiotropy
and linkage disequilibrium. Further trials with a larger
study population are needed. Secondly, our findings
cannot be generalized to the general population, as we
included only patients from two hospitals in China as
cases and East Asians as controls. Thirdly, we did not
include cancer staging information and ulcerative colitis
severity in our analysis, and inclusion of these factors
may help to identify differences.
In conclusion, we evaluated the associations between
rs4809957, rs6068816, rs6091822 and rs8124792, and
the risk of colon cancer, colonic polyps and ulcerative
colitis. We demonstrated that these four SNPs were
related to colon cancer, colonic polyps and ulcerative
colitis. In future studies, we will identify both population
replication and functional validation to confirm our
findings.
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AIM
to investigate the possible predictive role of routinely
used glycemic parameters for a first venous thrombo
embolism (VTE) episode in gastrointestinal (GI)
cancer ambulatory patients - with or without clinically
diagnosed type 2 diabetes (T2D) or obesity - treated
with chemotherapy.

Informed consent statement: All study participants or their
legal guardian provided informed written consent about personal
and medical data collection prior to study enrolment.
Conflict-of-interest statement: All the Authors have no conflict
of interest related to the manuscript.

METHODS
Pre-treatment fasting blood glucose, insulin, glycated
hemoglobin (HbA1c) and homeostasis model of risk

Data sharing statement: No additional data are available.
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assessment (HOMA) were retrospectively evaluated
in a cohort study of 342 GI cancer patients. Surgery
was performed in 142 (42%) patients with primary
cancer, 30 (21%) and 112 (79%) of whom received
neoadjuvant and adjuvant therapies, respectively. Firstline chemotherapy was administered in 200 (58%)
patients with metastatic disease. The study outcome
was defined as the occurrence of a first symptomatic or
asymptomatic VTE episode during active treatment.

Guadagni F, Riondino S, Formica V, Del Monte G, Morelli AM,
Lucchetti J, Spila A, D’Alessandro R, Della-Morte D, Ferroni
P, Roselli M. Clinical significance of glycemic parameters on
venous thromboembolism risk prediction in gastrointestinal
cancer. World J Gastroenterol 2017; 23(28): 5187-5195
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i28/5187.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i28.5187

RESULTS
Impaired glucose tolerance (IGT) or T2D were
diagnosed in 30% of GI cancer patients, while over
weight/obesity had an incidence of 41%. VTE occurred
in 9.4% of patients (7% of non-diabetic non-obese),
especially in those with a high ECOG score (p =
0.025). No significant association was found between
VTE incidence and T2D, obesity, different tumor
types, metastatic disease, Khorana class of risk, or
different anti-cancer drugs, although VTE rates were
substantially higher in patients receiving bevacizumab
(17% vs 8%, p = 0.044). Conversely, all glucose
metabolic indexes were associated with increased VTE
risk at ROC analysis. Multivariate Cox proportional
analyses confirmed that HOMA index (HR = 4.13,
95%CI: 1.63-10.5) or fasting blood glucose (HR = 3.56,
95%CI: 1.51-8.39) were independent predictors of VTE
occurrence during chemotherapy.

INTRODUCTION
Cancer patients are at increased risk for venous
[1]
thromboembolism (VTE) . Among the different
subtypes of tumors, pancreas, stomach, or other
gastrointestinal (GI) (i.e., esophagus, liver, biliary)
cancers have been reported to have the highest risk
for incident VTE, whereas colorectal cancer is generally
[2,3]
considered at low risk . Furthermore, the individual
risk of VTE in GI cancers could be boosted by active
treatment, and the use of new biological drugs has
led to a clinically relevant increase in thromboembolic
complications, as in the case of bevacizumab in colo
[1,4]
rectal carcinoma .
Beside cancer- and treatment-related factors,
VTE risk might be influenced by patient’s individual
[1]
factors and co-morbidities . The possibility that co[5-8]
morbidities, such as type 2 diabetes (T2D)
or
[9-11]
obesity
may be linked to an increased risk of VTE
has been raised in the general population, and VTE
has been proposed as a marker of underlying cancer
[12]
- especially of the GI tract - in patients with T2D .
However, data are often confusing and no consensus
exists on the impact of these two co-morbid conditions
[13]
on VTE incidence , especially in the oncology setting.
Independently of an association between clinically
diagnosed T2D, or obesity, and VTE, elevated levels
of fasting blood glucose, glycated hemoglobin (HbA1c)
or insulin resistance [IR, evaluated by the home
ostasis model of risk assessment (HOMA)] have
all been associated with an increased risk of VTE,
[14-19]
[20]
either unprovoked
or cancer-associated . The
possibility of a causal link between hyperglycemia (and,
thus, HbA1c or the composite HOMA index) and VTE
occurrence is biologically plausible and supported by
the experimental finding that, in healthy non-diabetic
subjects, increased blood glucose levels enhances
[21]
blood coagulation . However, the association between
hyperglycemia (assessed according to HbA1c) and VTE
[22]
risk has been recently disproved .
It is worth noticing that all these evidences derived
from studies performed in non-cancer patients. To the
best of our knowledge, there are no data, so far, that
specifically addressed this issue in oncologic patients,
with the only exception of a study by our group de
monstrating that breast cancer women with IR had
an increased risk of chemotherapy-associated VTE [20]
independently of T2D, or other related risk factors .

CONCLUSION
The results here reported demonstrate that evaluating
glucose metabolic asset may allow for VTE risk
stratification in GI cancer, helping to identify chemo
therapy-treated patients who might benefit from
thromboprophylaxis. Further multicenter prospective
studies involving a larger number of patients are
presently needed.
Key words: Gastrointestinal cancer; type 2 diabetes;
venous thromboembolism; chemotherapy; insulin
resistance
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The predictive value of pre-treatment fasting
blood glucose, insulin, HbA1c and homeostasis model of
risk assessment (HOMA) was investigated in a cohort
of gastrointestinal (GI) cancer patients. Despite all
investigated metabolic markers were associated with
an increased VTE risk during chemotherapy at ROC
analysis, only elevated HOMA index (HR = 4.13) or
fasting blood glucose (HR = 3.56) had an independent
predictive value in survival analyses after adjustment
for major confounders. These results suggest that
glycemic metabolic markers, mainly HOMA index,
should be carefully monitored in chemotherapy-treated
GI cancer patients, as they could help to identify
patients who might benefit from thromboprophylaxis.
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followed under the appropriate Institutional ethics
approvals, as part of a Clinical Database and Biobank
project. Among them, 342 patients with GI cancer
completed the clinical assessment for VTE. Inclusion
criteria for patients whose serum samples were
stored in our Biobanks were: age above 18 years, to
be at the start of a first chemotherapy regimen, an
Eastern Cooperative Oncology Group performance
status (ECOG-PS) ≤ 2 and adequate hematological,
hepatic and renal functions. Exclusion criteria were:
therapeutic doses of any heparin before enrolment or
treatment with anticoagulant or anti-platelet drugs. No
patient underwent surgery during follow-up, nor was
admitted to clinic for an acute medical illness requiring
thromboprophylaxis.
GI cancer was staged according to the TNM
classification. Surgery was performed in 142 patients
with primary cancer. The remaining 200 patients had
metastatic disease and entered the study prior to the
start of chemotherapy. Among the non-metastatic
population, 30/142 (21%) and 112/142 (79%) pa
tients received neoadjuvant and adjuvant therapies,
respectively. First-line chemotherapy was instituted
in all patients with metastatic disease. Details on
anti-cancer drugs are summarized in Supplementary
Table 1. Erythropoiesis stimulating agents (2.6%),
granulocyte colony stimulating factor (3.5%) and
steroids (17.6%) were used as supportive drugs.
Patients’ characteristics are summarized in Table 1.
Patients were regularly seen at scheduled visits;
additional visits were arranged at the occurrence of
clinically suspected VTE. Initial VTE risk stratification
was performed by the Khorana Score (KS) at a ≥
[23]
3-point cutoff, as per current recommendation .
All patients were followed up for a median period of
11 mo, during which outcomes were prospectively
recorded. The study outcome was defined as the
occurrence of a first symptomatic or asymptomatic
VTE episode during active treatment. Deep vein
thrombosis (DVT) was confirmed by venography or
color-coded duplex sonography (in proximal DVT only).
Pulmonary embolism (PE) was diagnosed by spiral
computed tomography.
The study was performed in accordance with the
principles embodied in the Declaration of Helsinki. All
patients gave written informed consent, previously
approved by our Institutional Review Boards.

Table 1 Patients’ characteristics n (%)
Characteristics
Age (yr), mean ± SD (range)
Gender
Male
Female
Length of follow-up (mo), median (IQR)
Venous thromboembolism
Pulmonary embolism
Deep venous thrombosis
Portal vein thrombosis
Port-a-Cath
Cumulative frequency
Khorana Class of risk
Low
Intermediate
High
Site of primary
Colon-rectum
Stomach
Pancreas
Biliary tract
Oesophagus
Stage of disease
Primary
Metastatic
Performance status (ECOG)
0
1
2
Body mass index, mean ± SD (range)
Normoweight
Overweight
Obese
Type 2 diabetes
Impaired glucose tolerance

P value
65 ± 10 (30-85)
197 (58)
145 (42)
11 (6-24)
9 (2.6)
22 (6.4)
2 (0.6)
1 (0.3)
34 (9.9)
199 (58)
118 (35)
25 (7)
237 (69)
38 (11)
36 (11)
16 (5)
15 (4)
142 (42)
200 (58)
274 (80)
60 (18)
8 (2)
24.9 ± 4.0 (14.8-39.5)
200 (58)
106 (31)
36 (11)
79 (23)
23 (7)

IQR: Interquartile range; ECOG: Eastern Cooperative Oncology Group.

IR, hyperglycemia and T2D are associated with several
cancer types, other than breast, and accumulating
evidence indicates that they could represent shared
pathophysiological mechanisms in GI cancer and
its co-morbidities. Accordingly, we hypothesized
that, as in the case of breast cancer, a de-regulated
glucose metabolism could be involved in GI cancerassociated VTE, as well. Therefore, the present study
was designed to investigate the possible predictive
role of routinely used glycemic parameters for a first
VTE episode in GI cancer out-patients - with or without
clinically diagnosed T2D - in whom chemotherapy
might act as a thrombotic trigger.

Blood sampling and assessment of glycemic indexes

MATERIALS AND METHODS

Fasting serum samples were obtained prior to chemo
therapy from each recruited subject, aliquoted and
stored at -80 ℃ in the facilities of the PTV Bio.Ca.Re.
or of the SR-BioBIM. Routine chemistry studies,
including fasting blood glucose (Hexokinase/Glucose-6phosphate dehydrogenase-based methodology; Abbott
Laboratories, Abbott Park, IL, United States), were
performed on fresh samples within one hour from blood
withdrawal on an ARCHITECT c8000 System (Abbott

Patients and sample collection

Starting from January 2007, the PTV Bio.Ca.Re.
(Policlinico Tor Vergata Biospecimen Cancer Re
pository) and the Interinstitutional Multidisciplinary
Biobank of the IRCCS San Raffaele Pisana (SRBioBIM, Rome, Italy) are actively involved in the
recruitment of ambulatory patients with primary or
relapsing/metastatic cancer, who are prospectively
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Table 2 Glycemic indexes in gastrointestinal cancer patients - Comparison between patients who developed or not venous
thromboembolism during chemotherapy
Whole cohort

Venous thromboembolism
Yes (n = 34)

Glycemia (mg/dL), mean ± SD (range)
Insulinemia (μIU/mL), median (IQR)
HOMA index, median (IQR)
HbA1c (%), mean ± SD (range)

107 ± 38 (51-415)
12.5 (8.8-20.1)
3.0 (2.0-5.6)
6.1 ± 0.8 (4.3-13.0)

122 ± 53 (60-339)
17.2 (11.9-24.5)
4.8 (3.0-8.1)
6.2 ± 0.6 (5.2-8.0)

P value1

No (n = 308)
105 ± 36 (51-415)
11.6 (8.7-18.6)
2.8 (2.0-4.9)
6.1 ± 0.8 (4.3-13.0)

0.019
0.016
0.006
0.436

1

Student t-test or Mann-Whitney U test were used for normally distributed or non parametric variables, respectively. IQR: Interquartile range.

Laboratories). Fasting insulin levels were analyzed on
serum samples using a fully automated Lumipulse
G 600 II chemiluminescent enzyme immunoassay
analyzer (Fujirebio Inc. Tokyo, Japan) according to the
manufacturer’s instructions. The HOMA index (a marker
of insulin resistance) was retrospectively calculated for
each participating subject from fasting blood glucose
and insulin according to the formula: glucose (mg/dl) ×
insulin (µIU/ml)/405.
HbA1C levels were immediately measured on EDTA
anticoagulated whole blood by a Tosoh G7 Automated
HPLC Analyzer - HbA1c Variant Analysis Mode (Tosoh
Bioscience, Rivoli, TO, Italy), certified by the NGSP
(National Glycohemoglobin Standardization Program)
and traceable to the Diabetes Control and Complications
Trial.
All measurements were ascertained while blinded
to the sample origin and to the study endpoint.

package (Statistica 8.0, StatSoft Inc., Tulsa, OK, United
States). VTE-free survival time was calculated from the
date of enrolment until the date of any VTE occurrence,
or of the last follow-up. For administrative censoring,
th
follow-up was ended on September 30 , 2016. For
patients receiving neoadjuvant chemotherapy follow-up
was terminated at completion of an entire antiblastic
treatment and before surgery. All tests were two-tailed
and only P values lower than 0.05 were regarded as
statistically significant.

RESULTS
A condition of impaired glucose tolerance (IGT)/T2D
was diagnosed in 30% of patients, while overweight
(n = 105) or obesity (n = 35) was observed in 41%
of cases. It is well recognized that overweight/obesity
increases the chances of developing T2D; accordingly,
the rate of T2D rose from 19% in normoweight to
27% and 36% in overweight and obese patients,
respectively (p = 0.122). The distribution of glucose
metabolic indexes is reported in Table 2. As shown,
median pre-chemotherapy HOMA index was 3.0 in the
overall GI cancer cohort (IQR: 2.0-5.6). As expected,
median HOMA index was associated with BMI and
increased steadily from 2.5 in normoweight to 3.8 and
3.9 in overweight and obese patients, respectively
(Kruskal-Wallis H = 18.8, p = 0.0001). Similarly, IR
was associated with the presence of IGT (median
HOMA index 4.3) or T2D (median HOMA index 6.7).
VTE occurred in 9.9% (Table 1) of GI cancer
patients (median TTE: 3.2 mo) (7.5% of non-diabetic
non-obese patients), in agreement with previous
[1]
reports . In particular, 15 (3 non fatal sub-segmental
PE, 2 portal vein thrombosis and 10 DVT) patients
were incidentally diagnosed with asymptomatic VTE
at time of CT-scan for restaging. Symptomatic VTE
was diagnosed in the remaining 19 patients. Clinical
characteristics of all 34 patients with VTE are reported
in Supplementary Table 2.
Of interest, only 2 (8%) VTE events were recorded
among the 25 classified as high-risk for VTE, as per
[23]
current guidelines . Conversely, VTE occurred in 10%
and 11% of patients classified as low- or intermediate[23]
risk according to Khorana , respectively. VTE incidence
increased with high ECOG-PS (p = 0.025), but no
significant difference was observed for VTE rates

Statistical analysis

Sample size of the study was based on the agreement
to inclusion criteria and willingness to provide informed
consent rather than on sample size calculations.
However, estimation was later performed and showed
that the recruited population was capable of yielding
a power > 90%, at a two-sided 5% significance level.
This was based on the assumption of a true HR of at
[20]
least 2 (based on previous data on breast cancer) ,
an accrual period of no less than 2 years, an elapsed
time between cycles within 30 d, and a median timeto-event of 2.5 mo.
Data are presented as percentages, mean ± SD,
or median and interquartile range (IQR). Differences
2
between percentages were assessed by χ test.
Appropriate parametric or nonparametric tests were
employed for group comparison. The cut-off values
were generated from continuous data by receiver
operating characteristic (ROC) curve analyses per
formed by MedCalc Statistical Software version 13.1.2
(MedCalc Software bvba, Ostend, Belgium; http://www.
medcalc.org; 2014). Bayesian analysis was performed,
and positive (+LR) and negative (-LR) likelihood ratios
were used to estimate the probability of having or not
VTE. Cox proportional hazards analysis was performed
with a free web-based application (http://statpages.
org/). Survival curves were calculated by the KaplanMeier and log-rank methods using a computer software
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Table 3 Receiver operating characteristics and Bayesian analysis of venous thromboembolism predictive value of glycemic parameters
Fasting blood glucose

Fasting insulin

HOMA

HbA1c

0.636 (0.06)
0.582-0.687
103 mg/dL
75%
65%
18%
96%
2.12 (1.54-2.57)
0.39 (0.19-0.68)
0.0135

0.630 (0.05)
0.576-0.681
12 μIU/mL
75%
51%
14%
95%
1.54 (1.13-1.85)
0.49 (0.23-0.87)
0.0128

0.647 (0.05)
0.593-0.697
2.6
81%
48%
14%
96%
1.56 (1.19-1.81)
0. 39 (0.16-0.78)
0.0045

0.574 (0.06)
0.519-0.627
6.0%
59%
63%
14%
94%
1.60 (1.07-2.13)
0.65 (0.38-0.96)
0.1989

AUC (SE)
95%CI
Criterion1
Sensitivity
Specificity
PPV
NPV
+LR (CI)
-LR (CI)
P value2
1

Corresponding with highest Youden index; 2Significance level P (Area = 0.5). AUC: Area under the curve; PPV: Positive predictive value; NPV: Negative
predictive value; +LR: Positive likelihood ratio; -LR: Negative likelihood ratio.

A

carried out to analyze the predictive performances
of glycemic parameters. Details are reported in Table
3, showing that pre-treatment fasting blood glucose,
insulin and the composite HOMA index, but to a
lesser extent HbA1c levels, were all associated with
a significant probability of having or not VTE during
chemotherapy. Hence, cut-off levels corresponding
to the criteria associated with the highest Youden
indexes were employed for patients’ categorization and
subsequent analyses. Multivariate Cox proportional
analysis showed that, among all variables listed in
Table 4, only ECOG-PS (HR = 2.47, 95%CI: 1.22-4.99)
and HOMA index (HR = 4.13, 95%CI: 1.63-10.5)
acted as independent VTE predictors (Overall Model
Fit: Chi Square = 30.5, p = 0.0004). Of interest, when
HOMA index was replaced by the individual parameters
in an otherwise similar model of Cox analysis, only
fasting blood glucose retained significance for VTE risk
prediction (HR = 3.56, 95%CI: 1.51-8.39), along with
ECOG-PS (HR = 2.34, 95%CI: 1.17-4.69) (Overall
2
Model Fit: χ = 36.9, p = 0.0001). Inclusion of anticancer drugs other than bevacizumab into multivariate
models did not substantially modify the results obtained
(data not shown).
Figure 1 demonstrates the Kaplan-Meier curves for
VTE-free survival of GI cancer patients stratified on
the basis of pre-treatment HOMA index (Figure 1A) or
blood glucose levels (Figure 1B). As shown, patients
with a HOMA index > 2.6 had a worse 1-year VTEfree survival rate compared to patients with a HOMA
index below this cutoff (83% vs 94%, log-rank = 3.0,
p = 0.003) (Figure 1A). Similarly, patients with glucose
levels >103 mg/dL had a worse 1-year VTE-free
survival rate compared to patients with glucose levels
below this cutoff (78% vs 94%, log-rank = 4.5, p <
0.0001) (Figure 1B). These results were substantially
confirmed in a sub-set of 261 non-obese non-diabetic
GI cancer patients (Figure 2).
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85%
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Figure 1 Kaplan-Meier curves of venous thromboembolism-free survival
of the whole cohort of gastrointestinal cancer patients. Comparison
between patients stratified on HOMA index (Panel A; HR = 3.17, 95%CI:
1.61-6.23) or fasting blood glucose (Panel B; HR = 4.21, 95%CI: 2.09-8.46).

among patients with colorectal (n = 25, 11%), gastroesophageal (n = 5, 9.5%) or pancreatobiliary (n =
4, 7.7%) carcinomas. Similarly, no association was
found with other clinical variables, such as metastatic
disease, T2D, obesity, or different chemotherapy
regimens, although VTE rates were higher in patients
receiving bevacizumab (17% vs 8%, p = 0.044). On
the other hand, pre-treatment fasting blood glucose,
insulin, HOMA index, but not HbA1c, were higher
in patients who developed VTE during treatment
compared with those who did not (Table 2).
ROC curves and bayesian analysis was, then,
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Table 4 Cox proportional hazards survival regression analysis of the predictive value of clinical-pathological variables and glycemic
indexes on venous thromboembolism-free survival of gastrointestinal cancer patients n (%)
n

Variable
Sex
Male
Female
Age
≤ 65 yr
> 65 yr
Diabetes
No
IGT
T2D
Tumor site
Colorectal
Stomach
Esophagus
Pancreas
Biliary tract
Khorana class of risk
Low
Intermediate
High
Stage of disease
Primary
Metastatic
ECOG-PS
0
1
2
Homa index
≤ 2.6%
> 2.6%
Bevacizumab
No
Yes

HR (CI)

P value

180 (91)
128 (88)

0.48 (0.24-0.97)

0.040

9 (6)
25 (14)

148 (94)
160 (86)

2.15 (0.96-4.79)

0.062

240
23
79

20 (8)
2 (9)
12 (15)

220 (92)
21 (91)
67 (85)

0.94 (0.62-1.41)

0.748

237
38
15
36
16

25 (11)
3 (8)
2 (13)
3 (8)
1 (6)

212 (89)
35 (92)
13 (87)
33 (92)
15 (94)

0.78 (0.53-1.14)

0.201

199
118
25

19 (10)
13 (11)
2 (8)

180 (90)
105 (89)
23 (92)

1.20 (0.64-2.26)

0.562

142
200

9 (6)
25 (12)

133 (94)
175 (88)

1.81 (0.75-4.33)

0.186

274
60
8

24 (9)
7 (12)
3 (37)

250 (91)
53 (88)
5 (62)

2.47 (1.22-4.99)

0.012

155
187

7 (5)
27 (14)

148 (95)
160 (86)

4.13 (1.63-10.5)

0.003

270
72

22 (8)
12 (17)

248 (92)
60 (83)

1.77 (0.74-4.25)

0.199

VTE
Yes

No

197
145

17 (9)
17 (12)

157
185

ECOG-PS: Eastern Cooperative Oncology Group performance status; T2D: Type 2 diabetes; IGT: Impaired glucose tolerance; VTE: Venous
thromboembolism.

evidences on their association in the oncology setting
are sparse. Here we report, for the first time to our
knowledge, that a condition of IR (assessed by the
glucose/insulin composite HOMA index) associates to
an increased risk of VTE in GI cancer out-patients on
active chemotherapy. In particular, we demonstrate
that a HOMA index > 2.6 at time of chemotherapy
start is predictive for a first VTE event, independently
of T2D, obesity or other well known risk factors, such
as tumor site and stage or ECOG-PS. This correlation
appears to be strongly dependent on blood glucose
levels, rather than on insulin, as demonstrated by
multivariate analyses in which glycemia, but not
insulinemia, confirmed its independent association
with VTE. Of note, HbA1c - a marker of sustained
hyperglycemia over the previous 2-3 mo - associated
with VTE only in non diabetic GI cancer patients,
with a HR of 3.12 (95%CI: 1.21-8.07, p = 0.02)
independently of sex, age, BMI, IGT, ECOG-PS, and
tumor site and stage, possibly as a result of the
confounding effect of glycemic pharmacologic control
in T2D (data not shown).
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These results are scarcely comparable with literature
data, as the majority of the studies investigated the
predictive role of these metabolic features in the
general population. Nonetheless, the finding of an
independent predictive role of elevated fasting blood
glucose levels in the GI cancer setting is in agreement
[18]
with the results by Tala et al , demonstrating a
4.1 odds ratio of VTE in critically ill children with
[14]
hyperglycemia. Similarly, Di Minno et al
indicated
that impaired fasting glucose independently predicted
idiopathic VTE in adults. Furthermore, the data here
reported are partially in agreement with previously
published results demonstrating that high HOMA scores
were associated with an increased risk of VTE in the
general population, which, however, was dependent on
[19]
BMI . This finding was further confirmed by Gariani
[24]
et al , who suggested that the increased risk of
diabetes-associated VTE might result from confounders
(i.e., obesity) rather than an intrinsic effect of diabetes.
On the other hand, the predictive value of HOMA
index in our analysis was independent of a condition
of overweight/obesity, validating our previous results
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VTE-free survival rate

A

were significantly associated with increased mean
platelet volumes (a marker of platelet hyperactivity
available for 214 patients) either in the overall cohort
(regression coefficient = 0.235, p = 0.0006) or in nondiabetic non-obese (regression coefficient = 0.239,
p = 0.004) GI cancer patients, independently of age,
sex or BMI (data not shown), thus suggesting a role
for sustained hyperglycemia in the procoagulant status
of these patients. However, this hypothesis is purely
speculative, since the present study was not specifically
designed to address this issue and, as such, it deserves
further investigation.
Whichever the mechanism involved, cancerassociated VTE poses serious concerns both in terms of
patient care and health costs, while thromboprophylaxis
could provide an opportunity to substantially improve
clinical management. Nonetheless, international
consensus guidelines do not recommend routine
prophylaxis for the primary prevention of VTE in
cancer outpatients receiving chemotherapy, except for
[23,25,26]
pancreatic cancer or selected high-risk patients
.
To aid in VTE risk assessment, the use of Khorana
[23]
score is currently recommended . In the present
study, the Khorana score was used to provide an
initial estimate of VTE risk in GI cancer patients.
However, it correctly identified VTE only in two gastric
cancer patients (one normoweight diabetic and one
overweight non diabetic) out of 25 patients classified
as high-risk, both with IR. Conversely, 8.6% and
11% of patients classified as low- or intermediate-risk
according to Khorana, had VTE. This is in agreement
with recent findings suggesting that the major weak
ness of this scoring system is represented by the high
proportion of the patients (> 50%) falling into the
[27]
intermediate risk category , which also encompasses
[27-29]
the majority of events
. At this point, it should
be emphasized that, in the low- or intermediate-risk
classes, 13 of 17 (77%) and 11 of 13 (85%) patients
with VTE, respectively, had a HOMA index above the 2.6
cut-off. Thus, HOMA index, or other glucose metabolism
parameters, could be employed in expanded risk scoring
models, or newly developed clinical decision support
[30]
systems
without causing an excessive increase in
patients’ management costs.
There are some limitations to acknowledge for
this study. First of all, glucose metabolic parameters
were retrospectively evaluated. However, all eligible
consecutive patients within the designated timeframe
were included and prospectively followed up, and
all measurements were performed while blinded
to the patient outcome. Secondly, recruitment was
mono-institutional, and therefore might have limited
external validity. Finally, analyses were conducted on
a relatively small sample size, ultimately leading to
a small number of events. Nonetheless, the results
here reported suggest that a deregulation of glucose
metabolism might contribute to VTE pathogenesis in
chemotherapy-treated ambulatory cancer patients. To
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Figure 2 Kaplan-Meier curves of venous thromboembolism-free survival
of non-diabetic non-obese gastrointestinal cancer patients. Comparison
between patients stratified on HOMA index (Panel A; HR = 2.67, 95%CI:
1.05-6.80) or fasting blood glucose (Panel B; HR = 3.38, 95%CI: 1.19-9.57).

in a breast cancer cohort, in which a HOMA index
greater than 2.5 (the cutoff for normality) predicted
chemotherapy-associated VTE, independently of other
components of the metabolic syndrome (BMI, T2D and
[20]
HDL cholesterol) .
As stated above, the possibility of a causal link
between hyperglycemia and VTE occurrence is
biologically plausible and supported by the finding
that increased blood glucose levels enhances blood
[21]
coagulation in healthy non-diabetic individuals .
Additional evidence on the role of hyperglycemia on
coagulation activation derives from experimental
data suggesting that hyperglycemia may cause
vessel damage through at least three apparently
unrelated pathways: advanced glycation end product
formation, activation of protein kinase C, and sorbitol
accumulation by way of the polyol pathway (for a review
[25]
see ). Furthermore, hyperglycemia via increased
oxidative stress, and receptor for advanced glycation
end products activation, increases the activation of
transcription factor-κB in endothelial cells, thus causing
a switch of the endothelial functions toward a prothrombotic, pro-inflammatory condition. This, together
with an altered platelet metabolism and changes
in intraplatelet signaling pathways, contributes to
the pathogenesis of the thrombotic complications of
[25]
T2D . Of interest, in this study, elevated HbA1c levels
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Terminology

the best of our knowledge, this is the first evidence
reporting an association between HOMA index and VTE
in GI cancer patients. At present, we may hypothesize
that chemotherapy triggers a pro-thrombotic state,
subdued in patients with hyperglycemia, independently
of clinically overt T2D. Additional studies are required
to validate this theory, as VTE can be influenced by
many environmental or inherited factors that increase
the likelihood of detecting spurious associations.
In conclusion, the results here reported demonstrate
that the evaluation of glucose metabolic asset may
allow for VTE risk stratification in GI cancer, helping
to identify chemotherapy-treated patients who might
benefit from thromboprophylaxis. Further multicenter
prospective studies involving a larger number of
patients are presently needed.

HbA1c provides an estimate of average blood glucose levels over the previous
three months and is used as a marker of glycemic control in the management
of T2D. HOMA index, derived from blood glucose and insulin levels, is a non
invasive parameter of insulin resistance in pathologic states, such as diabetes
and obesity.

Peer-review
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there are no objections about it. The study deals with an important problem
of treatment strategy in the large group of cancer patients, though the small
number of subjects tends to show preliminary character of the study and does
not allow to draw population conclusions.
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Abstract
AIM
To assess factors associated with the higher effect of
metformin on mortality in diabetic colorectal cancer
(CRC) patients, since the factors related to the effective
ness of metformin have not been identified yet.

Informed consent statement: All involved persons (subjects
or legally authorized representative) gave their informed consent
(written or verbal) prior to study inclusion.
Conflict-of-interest statement: All authors declare no conflict
of interest.

METHODS
Between January 2000 and December 2010, 413
patients diagnosed with both stage 3/4 CRC and
diabetes mellitus were identified. Patients’ demographics
and clinical characteristics were analyzed. The effect of
metformin on CRC-specific mortality and the interactions
between metformin and each adjusted factor were
evaluated.

Data sharing statement: The original anonymous dataset is
available on request from the corresponding author at taeilkim@
yuhs.ac.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
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RESULTS
Total follow-up duration was median 50 mo (range:
1-218 mo). There were 85 deaths (45.9%) and 72
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[4]

major causes of morbidity and mortality worldwide .
Despite some argument concerning the influence of
diabetes on CRC, studies, including meta-analyses,
have consistently demonstrated that type 2 DM is
an independent risk factor for CRC and that diabetic
patients with CRC have worse outcomes than non[4,5]
diabetics . A possible role for anti-hyperglycemic
medications in progression and prognosis of CRC has
been suggested, based on the hypothesis that tumor
[4,6]
growth is promoted by the trophic action of insulin .
Metformin is broadly used for the treatment of
type 2 DM, which successfully decreases circulating
levels of glucose and insulin mainly by improving
insulin resistance. Evidence from preclinical studies
has identified the anti-tumor effect of metformin,
showing inhibition of tumor growth and induction
of apoptosis in cell lines and animal models of va
[7-9]
rious cancers
. Several clinical studies, including
[10-18]
our previous study
, have shown the ability of
metformin to reduce the incidence of CRC and improve
survival of CRC patients. As stated in other studies, one
of the potential mechanisms of the anti-tumor effect
of metformin is via activation of AMP-activated protein
kinase (AMPK). AMPK activation has an inhibitory
effect on cancer cell growth and new blood vessel
formation by prohibiting activation of the mammalian
[19-21]
target of rapamycin (mTOR)
. With these direct
cellular effects of metformin, the indirect or systemic
effect of metformin is relief of insulin resistanceassociated hyperinsulinemia and hyperglycemia, which
counteracts the dependence of cancer cells on glucose
[20,22]
as predominant source of energy
.
Despite substantial evidence from in vivo and
in vitro research supporting the possible efficacy of
metformin as an anti-cancer agent and numerous
clinical studies investigating the effect of metformin on
CRC, particular factors or specific groups of patients
associated with the effectiveness of metformin have
not been identified. Our study assessed factors that
may affect the efficacy of the anti-cancer action of
metformin on CRC-specific mortality in diabetic CRC
patients. Herein, we selected particular factors that
might be associated with the “more effective” group
(those who benefit from metformin for improving CRCspecific survival) and verified these assumptions using
interaction analysis.

CRC-specific deaths (38.9%) among 185 patients who
used metformin, compared to 130 total deaths (57.0%)
and 107 CRC-specific deaths (46.9%) among 228
patients who did not use metformin. In multivariate
analysis, survival benefit associated with metformin
administration was identified (HR = 0.985, 95%CI:
0.974-0.997, p = 0.012). Interaction test between
metformin and sex after adjustment for relevant factors
revealed that female CRC patients taking metformin
exhibited a significantly lower CRC-specific mortality
rate than male CRC patients taking metformin (HR =
0.369, 95%CI: 0.155-0.881, p = 0.025). Furthermore,
subgroup analysis revealed significant differences in
CRC-specific mortality between the metformin and
non-metformin groups in female patients (HR = 0.501,
95%CI: 0.286-0.879, p = 0.013) but not male patients
(HR = 0.848, 95%CI: 0.594-1.211, p = 0.365). There
were no significant interactions between metformin and
other adjusted factors on CRC-specific mortality.
CONCLUSION
We showed a strong sex-dependent difference in
the effect of metformin on CRC-specific mortality in
advanced stage CRC patients with diabetes.
Key words: Colorectal cancer; Metformin; Survival; Sex
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Evidence from previous studies has identified
the anti-tumor effect of metformin; however, the
factors related to effectiveness of metformin in
diabetic colorectal cancer (CRC) patients have not
been identified yet. Identifying subgroup patients
who benefit from metformin treatment is important
for future clinical application of metformin, and a
strong sex-dependent difference of metformin effect
in advanced CRC patients has been identified in this
present study.
Park JW, Lee JH, Park YH, Park SJ, Cheon JH, Kim WH,
Kim TI. Sex-dependent difference in the effect of metformin
on colorectal cancer-specific mortality of diabetic colorectal
cancer patients. World J Gastroenterol 2017; 23(28): 5196-5205
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i28/5196.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i28.5196

MATERIALS AND METHODS
Patients

INTRODUCTION

The electronic records of 9472 consecutive patients
with a diagnostic code of colon or rectal cancer seen
at a single institution (Severance Hospital, Yonsei
University, Seoul, Korea) between January 1, 2000
and December 31, 2010 were identified. A manual
retrospective review was conducted for all patients to
identify those with a prior history of DM. Among those
identified, 1584 had the type 2 diabetes diagnostic

Although the survival rate for colorectal cancer
(CRC) has increased because of early detection and
rd
intervention at earlier stages, CRC is still the 3 most
th
common cancer and the 4 leading cause of cancer
[1-3]
death in the western and Asian countries . Cancer
and diabetes, especially type 2 diabetes mellitus
(DM), are two of the most prevalent diseases and
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code during follow-up, of which 790 were excluded
based on the following exclusion criteria: type Ⅰ
diabetes (n = 38), diabetes diagnosed after CRC
diagnosis (n = 521), incomplete records (including
medication records) (n = 77), metformin use for less
than 6 mo (n = 105), and any cancer previous to
CRC diagnosis (n = 49). According to our previous
[12]
studies, only stage 3 CRC patients
and resectable
[23]
stage 4 CRC patients showed a survival benefit from
metformin. Considering these results, advanced stage
CRC patients in the latter two groups, denoting stage 3
and 4 patients, were selected and analyzed; this group
included 185 DM patients treated with metformin and
228 DM patients not taking metformin. There were
135 female patients (32.7%) in the study population.
Patient demographics and clinical characteristics,
including age at diagnosis, sex, total follow-up duration,
duration of diabetes, body mass index (BMI), family
history of colorectal malignancy, smoking history and
drinking history were obtained from medical records.
BMI was stratified into “underweight” (BMI < 18.5),
“normal” (BMI range: 18.5-24.9), “overweight” (BMI
range: 25.0-29.9) and “obese” (BMI ≥ 30.0), based
[24]
on World Health Organization BMI classification .
Laboratory findings included plasma glucose levels,
glycated hemoglobin (HbA1C) levels, and pretreatment
carcinoembryonic antigen (CEA) levels. Informa
tion relevant to the CRC diagnosis, such as stage,
site, histology, differentiation, resection margin,
lymphovascular invasion, microsatellite instability
(MSI) status, and treatment modality were reviewed
via the medical records as well. The use of other
diabetes medications (sulfonylureas, thiazolidinediones,
α-glucosidase inhibitors, insulin, etc.) and the use of
aspirin were also explored. The date of diagnosis of
CRC was defined as the day of pathologic diagnosis.
Every enrolled patient had undergone colonoscopy.
We identified deaths through medical records, and
determined the cause of death in all cases.
The institutional review board of Severance Hospital,
Yonsei University, Seoul, Korea approved this study.

groups with regard to covariates were determined
2
using Pearson’s χ test or Student’s t-test when the
data were categorical or continuous, respectively. In
the primary analyses, the odds of overall and CRCspecific death for patients with diabetes treated with
metformin and not treated with metformin were
calculated using univariate logistic regression analysis.
The multivariate Cox proportional hazards regression
method was used to estimate HRs and 95%CIs after
adjustment for patient-related variables, including
age at diagnosis, sex, stage of cancer, BMI, diabetes
duration, smoking history, cancer site, and use of
insulin, aspirin, sulfonylurea and thiazolidinedione.
Survival curves were generated using the KaplanMeier method and were compared using log-rank
statistics. In the secondary analyses, interaction
analyses of Cox regression results were performed
to reveal the factors associated with metformin use.
These variables included age at diagnosis (≥ 50 or
< 50), sex (male or female), smoking history (yes or
no), tumor stage (Ⅲ or Ⅳ), site (colon or rectum),
sulfonylurea use (yes or no), insulin use (yes or no),
and DM duration (years).
All p values were two sided, with a p < 0.05 con
sidered significant. Most of the statistical analyses
were performed using SPSS version 21.0 (SPSS, Inc.,
Chicago, IL, United States). SAS version 9.2 (SAS Inc.,
Cary, NC, United States) was used when identifying
the cut-off value of metformin duration that provided
the best fit of the log-rank test statistics of overall and
CRC-specific survival.

RESULTS
Patients’ demographics and clinical characteristics

The metformin and non-metformin groups had similar
patient demographics and clinical characteristics (Table
1). The median age of patients was 64 years (range:
33-91 years). Baseline characteristics, including age
at diagnosis, sex, BMI, familial history of cancer,
smoking and drinking history, were not significantly
different between the metformin group and the nonmetformin group. Factors associated with cancer,
including tumor stage, tumor site (colon or rectum),
tumor differentiation, resection margin positivity,
MSI status, and pretreatment CEA level were not
significantly different between the two groups. Clinical
characteristics associated with diabetic severity status,
such as HbA1C levels and duration of diabetes, were
similar between the two groups; however, serum
fasting glucose levels were lower in the non-metformin
group compared to the metformin group (143.8 mg/dL
vs 132.4 mg/dL, p = 0.012).
The use of other diabetes medications, including
insulin, sulfonylurea and thiazolidinedione, was
also investigated, because the status of individuals
taking these medications could reflect later stage
diabetes, and these medications could be associated
with tumorigenesis and prognosis. The use of these

Tumor staging and treatment assessment

All patients were diagnosed with pathologically
confirmed CRC and were evaluated during their
baseline visit to Severance Hospital for appropriate
th
staging according to the 7 version of the AJCC Tumor/
Node/Metastatic staging system. Treatment modality
was determined by extent and location of the tumor.
Based on the National Comprehensive Cancer Network
guideline, locally advanced tumors or advanced tumors
with resectable metastatic lesions were treated by
surgery followed by adjuvant chemotherapy with or
without radiotherapy, or by neoadjuvant chemotherapy,
or chemoradiation therapy followed by surgery. Advanced
CRC with distant metastasis was treated by palliative
chemotherapy or conservative care.

Statistical analysis

Differences between the metformin and non-metformin
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Table 1 Patient demographics and baseline clinical characteristics n (%)
Metformin group, n = 185
Age at diagnosis in yr, mean ± SD
< 50
≥ 50
Sex
Male
Female
DM duration in yr, median (range)
Family history of CRC
BMI in kg/m2, mean ± SD
Normal < 25
Overweight 25-30
Obese ≥ 30
Smoking
Never-smoker
Ex-smoker
Current smoker
Alcohol
None
< 1 drink/d
≥ 1 drink/d
Aspirin use
Insulin use
Sulfonylurea use
Thiazolidinedione use
CEA in ng/mL, median (range)
HbA1c, mean ± SD
Glucose in mg/dL, AC ± SD
Cholesterol in mg/dL, total ± SD
Tumor stage
Ⅲ
Ⅳ

Tumor site
Colon
Rectum
Histology
Adenocarcinoma
Mucinous carcinoma
Differentiation
Well differentiated
Moderately differentiated
Poorly differentiated
Resection margin +
Lymphovascular invasion
MSI state
MSi
MSI-low
MSI-high
Treatment modality
Resection only
Resection + adjuvant chemotherapy
Resection + chemoradiotherapy
Neoadjuvant chemotherapy + resection
Chemotherapy only
Conservative care

63.5 ± 8.789
12 (6.5)
173 (93.5)

Non-metformin group, n = 228
63.49 ± 10.218
27 (11.8)
201 (88.2)

P value
0.991
0.064
0.921

125 (67.6)
60 (32.4)
8 (1-120)
8 (4.3)
23.6 ± 3.0
148 (80.0)
33 (17.8)
4 (2.2)

153 (67.1)
75 (32.9)
6 (1-40)
13 (5.7)
23.5 ± 3.0
173 (76.5)
51 (22.6)
2 (0.9)

89 (48.1)
42 (22.7)
54 (29.2)

123 (53.9)
40 (17.5)
65 (28.5)

82 (44.3)
42 (22.7)
61 (33.0)
50 (27.0)
17 (9.2)
116 (62.7)
18 (9.7)
4.7 (0.2-9100.0)
8.7 ± 16.7
143.8 ± 46.1
167.9 ± 47.8

112 (49.1)
51 (22.4)
65 (28.5)
39 (17.1)
27 (16.2)
153 (67.1)
12 (5.3)
6.4 (0.1-5946.0)
7.3 ± 1.4
132.4 ± 41.1
164.6 ± 39.6

136 (73.5)
49 (26.5)

151 (66.2)
77 (33.8)

106 (57.9)
77 (42.1)

130 (58.3)
93 (41.7)

177 (97.8)
4 (2.2)

199 (89.6)
23 (10.4)

13 (7.4)
148 (84.6)
14 (8.0)
3 (1.7)
56 (25.9)

16 (7.8)
174 (84.5)
12 (5.8)
1 (0.6)
76 (50.0)

78 (89.7)
6 (6.9)
3 (3.4)

68 (90.7)
6 (8.0)
1 (1.3)

9 (4.9)
115 (63.2)
22 (12.1)
17 (9.3)
17 (9.3)
2 (1.1)

20 (8.8)
126 (55.3)
24 (10.5)
17 (7.5)
35 (15.4)
6 (2.6)

0.068
0.526
0.596
0.300

0.371

0.556

0.015
0.035
0.350
0.082
0.359
0.349
0.012
0.483
0.110

0.940

0.001

0.155

0.371
0.031
0.670

0.160

BMI: Body mass index; CEA: Carcinoembryonic antigen; CRC: Colorectal cancer; DM: Diabetes mellitus; MSI: Microsatellite instability.

medications was not significantly different between the
two groups, with the exception of insulin use, which
was lower in the metformin group than in the nonmetformin group (9.2% vs 16.2%, p = 0.035). Aspirin,
a drug known to have beneficial effects in cancer
survival, was also evaluated and its use was statistically
different between two groups (27.0% vs 17.1%, p
= 0.015). Meanwhile, there was no difference in the
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treatment modality used for CRC between the two
groups.

Metformin use and survival analysis

The median follow-up duration was 50 mo (range:
1-180 mo). With respect to the entire cohort, there
were 129 (31.3%) recurrences, 215 (52.0%) total
deaths, and 179 (43.3%) CRC-specific deaths. With
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1.0

Table 2 Multivariate logistic regression analysis for colorectal
cancer-specific mortality

Proportion alive

0.8

P = 0.032
Age at diagnosis of ≥ 50
or < 50
Sex, female or male
BMI of ≥ 25 or < 25
Smoking history as yes
or no
Aspirin use as yes or no
Metformin treatment
duration in mo
Sulfonylurea use as yes
or no
Insulin use as yes or no
Stage Ⅳ or Ⅲ
Site as rectum or colon
Pathology
Diabetes duration
HbA1C

0.6
0.4
0.2

Metformin group
Non-metformin group

0.0
0

50

100

150

200

t /mo

B

1.0

Proportion alive

0.8

P = 0.013

HR

95%CI

P value

0.723

0.312-1.675

0.449

0.592
0.514
0.681

0.357-0.982
0.287-0.919
0.359-1.291

0.042
0.025
0.239

0.802
0.985

0.455-1.415
0.974-0.997

0.446
0.012

1.300

0.798-2.120

0.292

1.041
8.401
0.823
0.801
0.968
1.015

0.511-2.121
5.285-13.355
0.521-1.299
0.238-2.701
0.935-1.001
1.004-1.027

0.912
< 0.001
0.403
0.721
0.059
0.010

0.6

BMI: Body mass index; CRC: Colorectal cancer.

0.4

stage (HR = 8.401; 95%CI: 5.285-13.355, p < 0.001),
and HbA1C level (HR = 1.015, 95%CI: 1.004-1.027, p
= 0.01) were also revealed as independent predictive
factors (Table 2).
We performed another analysis with the metformin
group only, using total duration of metformin treat
ment. The results showed that improvement of CRCspecific (HR = 0.976, 95%CI: 0.948-0.995, p =
0.012) and overall survival rates (HR = 0.982, 95%CI:
0.967-0.997, p = 0.019) was associated with longer
duration of metformin treatment, after adjustment of
clinically relevant factors, including age at diagnosis,
sex, medication history, tumor stage, tumor site,
diabetes duration, and HbA1C. Analysis using Contal
[25]
and O’Quigley’s method
revealed that the cut-off
value for metformin treatment duration that fit the
CRC-specific survival statistics was 22 mo.

0.2

Metformin group
Non-metformin group

0.0
0

50

100

150

200

t /mo

Figure 1 Colorectal cancer-specific survival and overall survival
according to metformin treatment in colorectal cancer patients with
diabetes mellitus. A: Colorectal cancer-specific survival according to metformin
treatment; B: Overall survival according to metformin treatment.

respect to metformin use, there were 85 (45.9%)
total deaths and 72 (38.9%) CRC-specific deaths
among 185 patients who used metformin, compared
with 130 (57.0%) total deaths and 107 (46.9%) CRCspecific deaths among 228 patients who did not use
metformin. The estimated 5-year CRC-specific survival
rates were 65.4% and 52.4% for the metformin and
non-metformin groups, respectively, and 10-year
CRC-specific survival rates were 50.8% and 43.1%,
respectively. These results were significantly different
(HR = 0.724, 95%CI: 0.537-0.976, p = 0.032) (Figure
1a). For the metformin and non-metformin groups,
the estimated 5-year overall survival rates were 60.8%
and 47.9% respectively, and the 10-year overall
survival rates were 45.8% and 33.8% respectively,
also showing significant differences (HR = 0.706,
95%CI: 0.537-0.929, p = 0.013) (Figure 1b).
In addition, we used the duration of metformin
treatment in multivariate survival analysis, and showed
this factor to be an independent predictor for CRCspecific mortality in diabetic patients with advanced
CRC after adjustment of clinically relevant factors (HR
= 0.985; 95%CI: 0.974-0.992, p = 0.012). BMI (HR
= 0.514, 95%CI: 0.287-0.919, p = 0.025), tumor
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Interaction analysis of survival benefit from metformin
treatment

To determine the subgroup with the greater metformin
effect, interaction tests between metformin and each
clinical factor were performed, after adjustment for
other covariates including age at diagnosis, sex, BMI,
medication use, stage, site, diabetes duration, and
HbA1C. Interaction tests between metformin and
sex with adjustment for relevant factors revealed
that female CRC patients treated with metformin
exhibited a significantly lower CRC-specific mortality
rate compared to male CRC patients treated with
metformin (HR = 0.369, 95%CI: 0.155-0.881, p =
0.025) (Table 3).
Subgroup analysis based on sex was performed
and showed a significant difference in CRC-specific
mortality between the metformin and non-metformin
groups for females (HR = 0.013, 95%CI: 0.286-0.879,
p = 0.013) (Figure 2B), while there was no significant
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CRC-specific mortality than males in the metformin
group (HR = 0.332, 95%CI: 0.144-0.764, p = 0.009),
while the non-metformin group showed no significant
difference in CRC-specific mortality between male and
female patients (HR = 0.73, 95%CI: 0.38-1.402, p =
0.345).

1.0

0.8

Proportion alive

P = 0.365
0.6

0.4

DISCUSSION
Two of the most common diseases worldwide, DM
and CRC, share numerous risk factors. Previous
studies, including meta-analyses, demonstrated the
association between DM and increased risk of CRC;
moreover, metformin, one of the most commonly
prescribed anti-diabetes agents, improved survival of
[11,12,14,16,18]
CRC patients
. We previously showed that
CRC patients with diabetes treated with metformin had
lower mortality than those not treated with metformin,
and that metformin treatment was associated with
a decreased incidence of colorectal adenomas in
[12,26]
diabetic patients with previous CRC
. Furthermore,
we showed an association between the metformin
treatment in stage IV CRC patients with diabetes
and lower risk of tumor recurrence after curative
[23]
resection . However, there has been no study that
investigated the specific subgroup within CRC patients
with diabetes who obtained a survival benefit from
metformin use. In the present study, we aimed to
determine the particular subgroup among diabetic CRC
patients that could benefit from the anti-cancer effect
of metformin and discovered that sex was the single
clinical factor that predicted improved survival related
to metformin treatment. In addition, by including
the duration of metformin treatment as a factor, we
showed that longer duration of metformin treatment
was associated with improved CRC-specific and overall
survival.
Metformin treatment has been associated with
decreased risk and improved survival of DM patients
with various types of cancer, including colorectal,
[11,18]
pancreatic, liver, ovarian, breast, and endometrial
.
The mechanism of action of metformin as an anticancer drug has not been clearly identified, although
a shared pathogenesis for DM and some cancers
is possible, e.g., beta oxidation of fatty acids or
[22]
mitochondrial function . One of the most wellknown mechanisms of metformin is the stimulation
of peripheral AMPK with decreased hepatic glu
coneogenesis, increased insulin sensitivity, and hepatic
[20]
fatty acid oxidation . Under physiological conditions,
AMPK is an intracellular energy sensor and is activated
when the cellular AMP/ATP ratio increases. AMPK
activation leads to inhibition of mTOR signaling. mTOR
phosphorylation is mainly involved in cell growth,
cell cycle progression, and angiogenesis. Inhibition of
mTOR signaling can be an excellent cancer therapy
target, as the mTOR pathway is commonly decontrolled
in numerous types of cancer, and activation of this

0.2
Metformin group
Non-metformin group
0.0
0

50

100

150

200

250

t /mo

B

1.0

Proportion alive

0.8

P = 0.013

0.6
0.4
0.2

Metformin group
Non-metformin group

0.0
0

50

100

150

200

t /mo

Figure 2 Colorectal cancer-specific survival based on sex. A: CRC-specific
survival according to metformin treatment in males; B: CRC-specific survival
according to metformin treatment in females. CRC: Colorectal cancer.

Table 3 Interaction analysis of metformin and relevant
factors on colorectal cancer-specific mortality

Metformin-Sex
Metformin-BMI
Metformin-Site
Metformin-HbA1c

HR

95%CI

P value

0.369
1.000
0.941
0.999

0.155-0.881
0.974-1.026
0.441-2.006
0.926-1.078

0.025
0.972
0.875
0.979

BMI: Body mass index.

difference between the two groups for males (HR
= 0.365, 95%CI: 0.594-1.211, p = 0.365) (Figure
2a). Interaction analysis of metformin with other
adjusted factors did not show any significant difference
in CRC-specific mortality (Table 3). Intriguingly,
as documented earlier, the duration of metformin
treatment affected both CRC-specific mortality and
overall mortality; however, the mean duration of
metformin treatment between males and females was
not significantly different (33.76 ± 24.45 mo for males
and 28.05 ± 20.59 for females, log rank p = 1.06).
Subgroup analysis based on metformin treatment
showed that female patients had significantly lower

WJG|www.wjgnet.com

5201

July 28, 2017|Volume 23|Issue 28|

Park JW et al . Sex-dependent effect of metformin in colorectal cancer
pathway is associated with poor prognosis and
[21,27,28]
resistance to chemotherapy
. Other suggested
anti-cancer mechanisms of metformin include reduced
insulin growth factor-1, inhibition of angiogenesis,
[6,29,30]
apoptosis, and induction of cell cycle arrest
.
In our study population, females had a higher
survival rate associated with metformin treatment after
adjustment of other clinically significant factors. No
other studies have reported the interaction between sex
and survival benefit from metformin in diabetics with
[18]
CRC. However, the study by Lee et al
of a cohort of
800000 Taiwanese showed that metformin effectively
reduced the incidence of CRC in diabetic women and
liver cancer in diabetic men, which suggested that sex
could be an important interaction factor. Numerous
explanations for this phenomenon can be suggested,
and the higher survival rate of females compared
to males among patients with CRC should initiate
additional studies.
A Japanese study of 82402 patients with invasive
CRC who had undergone surgery between 1985 and
2004 revealed a reduced risk of CRC-specific death for
[31]
females relative to males that persisted over time .
[32]
McArdle et al reported that overall survival and CRCspecific survival was significantly higher in females
among patients who underwent elective surgery,
after adjustment of clinical covariates. One study
[33]
conducted in Israel by Purim et al also reported sexage interactions with the incidence of CRC and survival
of CRC patients showed lower incidence and better
prognosis for females. The answer for this superior
CRC survival in females compared to males is usually
related to female sex hormone status, particularly
[31,34,35]
serum estrogen levels
.
Circulating levels of 17b-estradiol (E2), the main
estrogenic compound, are exceedingly higher in females
compared to males and decrease with increasing age.
While females are exposed to relatively high levels of
th
endogenous E2 between adolescence and the 4 or
th
5 decade of life, in males, E2 levels remain low and
steady, and drop minimally with aging. However, after
menopause, serum E2 levels of females decline to
levels similar to those of males. Moreover, the effect
of estrogen on the gastrointestinal tract is well known,
and in esophageal, gastric, and colon cancers, which
have higher incidence and mortality rates among
[36,37]
males, the role of estrogen has been investigated
.
[38]
Wang et al reported that people at risk of esophageal
cancer have low levels of estrogen compared to healthy
subjects. This finding was supported by experimental
studies showing that estrogen regulates growth, cell
differentiation, and cell function in the gastrointestinal
tract. The possible role of estrogen in CRC development
has been suggested by several lines of epidemiological,
clinical and experimental evidence; however, the effect
of estrogen in the progression of CRC has not been
[37,39]
clearly identified
.
With respect to metformin and female hormones,
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we hypothesized that metformin acts on the estrogen
pathway to affect progression of CRC. This can be
[40]
inferred from another result of Cossor et al , showing
no significant survival benefit of metformin in postmenopausal females. Reports of the anti-cancer effect
of metformin in estrogen receptor (ER)-positive breast
cancer and the anti-estrogenic effect of metformin in
control of abnormal endometrial proliferative disorders
[41,42]
support this hypothesis
. The decrease in ER ex
pression in tumors from females with endometrial
cancer and DM treated with metformin compared
to women treated with insulin also supports this
[42]
hypothesis . In addition, metformin repressed protein
and mRNA expression of E2/ERα-regulated genes to
a greater degree than tamoxifen, which resulted in
inhibition of cell proliferation of ERα-positive breast
[41]
cancer cells .
Interestingly, estrogen (E2) primarily prevented
the development of CRC; however, in CRC patients, E2
[43]
promoted cancer progression . Proliferation of CRC
cells is known to be mediated by ERα, while the level
of ERα expression is usually low in normal colon tissue
[43]
and CRC tissue . However, when the expression
of ERβ in cancer cells decreases and the ratio of
ERα/ERβ rises, ERα expression becomes dominant
and results in cell proliferation and inhibition of
[43,44]
apoptosis
. Interestingly, studies have demonstrated
[44,45]
sex differences in ER expression in CRC
. Nüssler
[44]
et al
reported a significant increase in ERα protein
expression in males but not in females, while there
was no significant difference in ERα and ERβ protein in
normal colon mucosa between males and females. In
the same study, ERβ protein expression in CRC cells was
significantly decreased in both males and females, but
[44]
far more in males .
[45]
Another study conducted by Press et al
reported
the correlation between ERβ protein expression in
CRC cells, overall survival and sex. Higher ERβ protein
expression was associated with better overall survival
[45]
in females but worse survival in males . From these
reports, we inferred that ER status in CRC tissue
might have a role in cancer progression that could be
different between males and females. The effect of
metformin might be related to estrogen, regulation
of ERα or ERβ expression, or, possibly, E2/ERα ratio
as well. Although these relationships have not been
elucidated thus far, we postulate that our findings
provide the basis for future studies.
As confounding factors, DM severity and treatment
with other drugs could affect the survival benefit
conferred by metformin. Severity and duration of
DM are important factors for cancer progression,
considering that persistent hyperglycemia and hy
perinsulinemia might alter the immune system and
[4,5]
cause a chronic pro-inflammatory condition . This
pathologic state is due to the metabolic abnormalities
that characterize diabetes, especially under conditions
of poor metabolic control. In the present study, we
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measured glycated hemoglobin to represent the
severity of DM, and total duration since diagnosis of
DM. In addition, other anti-hyperglycemic agents may
conceal or diminish this metformin-related cancer
protection.
Therefore, we adjusted DM severity and duration,
along with other anti-hyperglycemic agents, to assess
the dose-dependent survival benefit of metformin.
Several studies have investigated the relationship
between metformin duration or dosage-related nume
rical values and the incidence of CRC. While there are
some discrepancies between the study results, one
study showed that patients treated with metformin for
over 3 years showed a significantly reduced relative risk
of CRC (HR = 0.643, 95%CI: 0.490-0.845) compared
[46]
to patients not treated with metformin . Interestingly,
[18]
Lee et al
demonstrated that total cancer incidence
was significantly associated with mean daily dose of
metformin. Furthermore, subgroup analysis of males
and females showed other intriguing results; only the
hazard ratio of liver cancer incidence was significantly
associated with mean daily dose of metformin in
males, while CRC incidence was significantly associated
[18]
with mean daily dose in females . Our study results
showed the relationship between the cumulative effect
of metformin and CRC-specific survival. In addition,
duration of DM since diagnosis, duration of metformin
treatment, and level of glycated hemoglobin were not
significantly different between males and females,
which showed that the severity of DM or months of
metformin treatment had no effect on the sex-related
interaction.
While this study provided notable associations
between metformin treatment and sex in the survival
of CRC patients with DM, there were some limitations.
First, we could not capture metformin treatment noncompliance, which could have resulted in exposure
misclassification and biased the results toward the
null hypothesis. Additional study limitations included a
small sample size, which reduced the power to detect
significant differences in survival, even though our
findings were similar to previous studies of metformin
treatment and CRC outcomes. Data regarding the
specific cancer location, such as right or left sided,
were not available for this study. Location of cancer is
an important difference between males and females,
where females develop more proximal, and males
[47,48]
more distal colon and rectal cancers
. Finally,
because the data analyzed in this study population
were collected from a tertiary medical care unit,
results may not be generalizable to the general
population. Further studies with a larger and more
diverse population should be conducted to strengthen
the relationship between sex and the anti-cancer effect
of metformin in CRC patients with DM. Moreover,
future prospective studies should consider this sexspecific difference when performing clinical trials using
metformin as an additive therapeutic agent for diabetic
and non-diabetic CRC patients.
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COMMENTS
COMMENTS
Background

Previous studies showed metformin use was associated with decreased
colorectal cancer (CRC) mortality. The identification of factors associated with
the effect of metformin on mortality in diabetic CRC patients will provide useful
information when applying metformin in cancer treatment.

Research frontiers

Despite substantial evidence from in vivo and in vitro research supporting
the possible efficacy of metformin as an anti-cancer agent and numerous
clinical studies investigating the effect of metformin on CRC, particular factors
or specific groups of patients associated with the effectiveness of metformin
have not been identified. Herein, authors selected particular factors that might
be associated with the “more effective” group, i.e., those who benefit from
metformin for improving CRC-specific survival, and verified these assumptions
using interaction analysis.

Innovations and breakthroughs

The authors discovered that sex was the single clinical factor that predicted
improved survival related to metformin treatment. This is also the first study
to report the interaction between sex and survival benefit from metformin in
diabetics with CRC. Furthermore, results of this study showed the relationship
between the cumulative effect of metformin and CRC-specific survival.

Applications

The results from this study showing sex-related effectiveness of metformin
in survival of diabetic CRC patients can be applied to the additional usage of
metformin in conventional adjuvant chemotherapy. These future prospective
studies should consider this sex-specific difference when performing clinical
trials using metformin as an additive therapeutic agent for diabetic and nondiabetic CRC patients.

Terminology

Metformin is an oral medication which is broadly used for the treatment of
type 2 diabetes mellitus by decreasing circulating levels of glucose and insulin
and mainly by improving insulin resistance. AMP-activated protein kinase and
mammalian target of rapamycin are intracellular molecules associated with cell
metabolism and growth.

Peer-review

This is a very good work, the authors addressed the factors associated with
the effect of metformin on mortality in diabetic CRC patients. Interestingly,
the results showed that female CRC patients taking metformin exhibited a
significantly lower CRC-specific mortality rate than male CRC patients taking
metformin. Identifying subgroup patients who benefit from metformin treatment
is important for further study in this field and this manuscript provided interesting
and valuable findings.
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Abstract
AIM
to investigate the relationship between non-alcoholic
fatty liver disease (NAFLD) and colorectal adenomatous
and hyperplastic polyps.

Informed consent statement: The requirement for informed
consent was waived because we retrospectively accessed deidentified data only.
Conflict-of-interest statement: The authors declare that there is
no conflict of interest with the paper presented.

METHODS
A retrospective cross-sectional study was conducted
on 3686 individuals undergoing health checkups (2430
males and 1256 females). All subjects underwent
laboratory testing, abdominal ultrasonography, colono
scopy, and an interview to ascertain the baseline
characteristics and general state of health. Multinomial
logistic regression analysis was performed to examine
the association between NAFLD and the prevalence
of colorectal adenomatous and hyperplastic polyps.

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
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colorectal cancer and performing colonoscopy and
polypectomy are considered efficient surveillance
programs to detect colorectal polyps and reduce
malignant progression and mortality among the
[7]
general population . In a cross-sectional study of 343
patients who underwent colonoscopy, serum insulin
levels as a metabolic factor were correlated with the
prevalence of adenomatous (OR = 1.5, 95%CI: 1.1-2.0,
P = 0.005) and hyperplastic polyps (OR = 1.3, 95%CI:
1.0-1.7, P = 0.075). In addition, some suggested
that hyperplastic polyps could act as a marker for
the future development of adenomas in the general
[8-11]
population
.
Non-alcoholic fatty liver disease (NAFLD), a
metabolic disease of the liver, is well recognized as the
most prevalent chronic liver disease worldwide, and
its prevalence is dramatically increasing both in Asian
[12]
and Western countries . Patients with NAFLD present
higher levels of insulin, insulin resistance status and
[13-15]
chronic inflammation conditions
. Insulin and the
insulin-like growth factor (IGF) axis play an important
role in cell metabolism and growth. Insulin stimulates
colorectal cell proliferation and increases bioactive
IGF-1, which promotes cell cycle progression through
[16]
mitogenic and antiapoptotic effects .
Recent studies suggested that NAFLD was associated
with an increased risk for colorectal adenomas and
[17-19]
[19]
advanced neoplasms
. Hwang et al conducted an
investigation of 2917 subjects divided into two groups
(556 adenomatous polyps and 2361 polyp-free). They
found that NAFLD was an independent risk factor for
colorectal adenoma (OR = 1.28, 95%CI: 1.03-1.60, P =
[19]
0.029) . However, this study ignored non-adenomas,
such as hyperplastic polyps and inflammatory polyps,
and investigated the association between NAFLD and
non-adenomatous polyps. Limited data are available
in the literature regarding the relationship between
NAFLD and hyperplastic polyps. Given that insulin
level was specifically associated with adenomatous
and hyperplastic polyps and related to NAFLD, our aim
was to explore the relationship between NAFLD and
colorectal adenomatous and hyperplastic polyps.
[20]
In addition, Touzin et al conducted a retrospective
observational study to explore the relationship
between biopsy-proven NAFLD and colorectal adenoma
but failed to demonstrate that patients with biopsyproven NAFLD had an increased incidence of colorectal
adenoma. The association between NAFLD and colo
rectal polyps may be controversial. Furthermore, the
prevalence of NAFLD (60.8% in males and 43.5% in
females) and colorectal polyps (35.5% in males and
20.9% in females) was not consistent in different
[21]
sex groups, and the prevalence is higher in males .
Several studies demonstrated a significant association
between dyslipidemia and colon adenoma in men
[22,23]
but not in women
. Therefore, our study further
explored the link between NAFLD and colorectal
adenomatous and hyperplastic polyps in different sex
groups.

Furthermore, the relationship was analyzed in different
sex groups. Subgroup analysis was performed based
on number, size, and location of colorectal polyps.
RESULTS
The prevalence of colorectal polyps was 38.8% in
males (16.2% for adenomatous polyps and 9.8% for
hyperplastic polyps) and 19.3% in females (8.4%
for adenomatous polyps and 3.9% for hyperplastic
polyps). When adjusting for confounding variables,
NAFLD was significantly associated with the prevalence
of adenomatous polyps (OR = 1.28, 95%CI: 1.05-1.51,
P < 0.05) and hyperplastic polyps (OR = 1.35, 95%CI:
1.01-1.82, P < 0.05). However, upon analyzing adeno
matous and hyperplastic polyps in different sex groups,
the significant association remained in males (OR =
1.53, 95%CI: 1.18-2.00, P < 0.05; OR = 1.42, 95%CI:
1.04-1.95, P < 0.05) but not in females (OR = 0.44,
95%CI: 0.18-1.04, P > 0.05; OR = 1.18, 95%CI:
0.50-2.78, P > 0.05).
CONCLUSION
NAFLD is specifically associated with an increased risk
of colorectal adenomatous and hyperplastic polyps in
men. However, NAFLD may not be a significant factor
in the prevalence of colorectal polyps in women.
Key words: non-alcoholic fatty liver disease; Healthcheck; Adenomatous polyps; Hyperplastic polyps
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Non-alcoholic fatty liver disease (NAFLD)
is associated with an increased risk of colorectal
adenoma. The association of NAFLD and hyperplastic
polyps remains unclear. We utilized 3686 individuals
undergoing health checkups to analyze the relationship
between NAFLD and colorectal adenomatous and
hyperplastic polyps. NAFLD is associated with colorectal
adenomatous and hyperplastic polyps in men but not in
women.
Chen QF, Zhou XD, Sun YJ, Fang DH, Zhao Q, Huang JH, Jin
Y, Wu JS. Sex-influenced association of non-alcoholic fatty liver
disease with colorectal adenomatous and hyperplastic polyps.
World J Gastroenterol 2017; 23(28): 5206-5215 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i28/5206.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i28.5206

INTRODUCTION
Colorectal adenomatous polyps and some subsets of
hyperplastic polyps have been considered precursors
[1-5]
of hereditary and sporadic colorectal cancer
.
Currently, the incidence of colorectal polyps and
colorectal cancer has been increasing over recent
[6]
decades worldwide . Identifying risk factors for
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6035 subjects

3657 men

2378 women

1227 Excluded:
756 Incomplete colonoscopy
4 Recent colorectal polypectomy
1 Inflammatory bowel disease
5 History of colorectal cancers
2 Other extraintestinal malignancies
203 Vial hepatitis
2 Cirrhosis
254 Excess alcohol consumption

1122 Excluded:
906 Incomplete colonoscopy
2 Recent colorectal polypectomy
1 Inflammatory bowel disease
4 History of colorectal cancers
4 Other extraintestinal malignancies
107 Vial hepatitis
1 Cirrhosis
97 Excess alcohol consumption

2430 Included in final analysis

1256 Included in final analysis

Figure 1 Inclusion and exclusion of study participants.

Following an 8-h fast, blood samples were collected
and analyzed from antecubital vein sampling. Bio
chemical markers, such as fasting plasma glucose (FPG),
triglyceride (TG), total cholesterol (TC), high density
lipoprotein-cholesterol (HDL-C), low density lipoproteincholesterol (LDL-C), alanine aminotransferase and
aspartate aminotransferase, were subsequently
analyzed with an automated analyzer (Abbott AxSYM,
Park, IL).

MATERIALS AND METHODS
Subjects

Study participants consisted of individuals who had a
routine health checkup and colonoscopy at the Medical
and Health Care Center of the First Affiliated Hospital
of Wenzhou Medical University from September 2014
to November 2016. A standard questionnaire was
administered to obtain relevant information from each
participant, including smoking status (yes or no),
alcohol consumption and medical history.
A total of 6035 participants were screened (Figure
1). In total, 2349 subjects were excluded based
on the following reasons: incomplete colonoscopy,
polypectomy, inflammatory bowel disease, carcinoma,
liver cirrhosis, viral hepatitis, toxic and autoimmune liver
diseases and excess alcohol consumption moderately (>
140 g/wk for men or > 70 g/wk for women). Thus, the
final study population consisted of 3686 subjects (2430
males and 1256 females). Physical examination data
were collected as part of a study, and formal ethical
[24]
approval was not required .

Colonoscopy

Following full bowel preparation, colonoscopy (OLYMPUS,
Tokyo, Japan) was performed in all participants by
experienced gastroenterologists using a standard
[25]
protocol identical for diagnostic colonoscopy .
Colonoscopic findings, including the type, location,
size and number of polyps, were recorded. All
polypectomy specimens were classified by experienced
histopathologists. Based on the results of colorectal
biopsies, individuals were divided into four groups:
polyp-free group, adenomatous polyps group,
hyperplastic polyps group and inflammatory polyps
group. The location was stratified as following:
(1) proximal lesions (polyps located in the cecum,
ascending and transverse colon); (2) distal lesions
(polyps located in the splenic flexure, descending
sigmoid colon and rectum); and (3) bilateral lesions
(polyps locating on both sides). The size of polyps was
divided into two groups. Less than 10 mm was defined
as small, whereas 10 mm or greater was defined as
large. The number of polyps was also divided into two
groups: single and multiple.

Anthrometric index and laboratory tests

Well-trained examiners measured the body weight
(measured to the nearest 0.1 kg) with a balance scale
and the height (measured to the nearest 0.1 cm) with
a portable stadiometer of every individual dressed in
light clothes and without shoes in the morning. Body
mass index (BMI) was calculated by dividing weight in
kilograms by the height squared. Blood pressure was
measured in the right arm in a seated state after they
had at least 15 min of rest with a standard automatic
instrument (Omron, model 705 cp, Kyoto, Japan) and
recorded as systolic blood pressure (SBP) and diastolic
blood pressure (DBP).
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Abdominal ultrasonography was performed by pro
fessional radiologists to diagnose fatty liver. According
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Table 1 Demographic and clinical characteristics of the subjects according to colonoscopic findings n (%)

Characteristic

Male
Age (yr)
Weight (kg)
Height (cm)
BMI (kg/m2)
SBP (mmHg)
DBP (mmHg)
FPG (mmol/L)
TG (mmol/L)
TC (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)
ALT (IU/L)
AST (IU/L)
NAFLD
MS
Smoking
Alcohol

Polyp-free

Colorectal polyps

2501 (67.9)
1487 (59.5)
45.47 ± 9.99
64.27 ± 11.29
164.64 ± 7.71
23.62 ± 3.22
124.43 ± 17.78
73.48 ± 12.27
4.78 ± 1.13
1.79 ± 1.71
5.35 ± 1.12
1.32 ± 0.33
3.19 ± 0.86
29.25 ± 29.65
27.24 ± 16.19
488 (17.9)
246 (10.1)
662 (26.6)
854 (34.4)

1185 (32.1)
943 (79.6)
50.48 ± 9.96
68.33 ± 11.04
166.59 ± 7.26
24.54 ± 3.10
129.99 ± 18.34
76.96 ± 12.11
5.01 ± 1.41
2.01 ± 1.81
5.44 ± 1.12
1.26 ± 0.30
3.27 ± 0.86
32.23 ± 27.51
28.89 ± 17.63
291 (24.6)
180 (15.6)
373 (31.7)
445 (37.8)

Colonoscopic findings of 3686 subjects
Adenomatous
P value vs
Polyp-free
polyps
Polyp-free

Hyperplastic
polyps

498 (13.5)
393 (83.0)
51.77 ± 9.78
67.58 ± 11.13
165.95 ± 7.47
24.45 ± 3.10
130.57 ± 18.75
77.19 ± 12.13
4.99 ± 1.39
1.98 ± 2.04
5.44 ± 1.21
1.28 ± 0.31
3.25 ± 0.84
31.86 ± 22.61
28.75 ± 11.80
122 (27.4)
73 (15.5)
151 (30.5)
191 (38.6)

288 (7.8)
239 (77.9)
48.16 ± 9.09
69.57 ± 11.01
167.46 ± 7.01
24.75 ± 3.13
127.72 ± 17.94
76.72 ± 12.26
4.93 ± 1.36
2.05 ± 1.23
5.53 ± 1.10
1.24 ± 0.28
3.36 ± 0.92
32.85 ± 25.87
28.57 ± 13.43
79 (22.6)
44 (16.4)
101 (35.2)
118 (41.1)

P value vs

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.020
< 0.001
0.011
0.004
0.007
< 0.001
< 0.001
0.002
0.042

< 0.001
< 0.001
< 0.001
0.001
< 0.001
< 0.001
< 0.001
0.001
0.032
0.093
0.003
0.154
0.065
0.049
0.002
0.005
0.087
0.078

P value vs

Polyp-free
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.003
< 0.001
0.032
0.013
0.009
< 0.001
0.002
0.051
0.184
0.001
0.016
0.004
0.028

BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; FPG: Fasting plasma glucose; TG: Triglyceride; TC: Total
cholesterol; HDL-C: High density lipoprotein-cholesterol; LDL-C: Low density lipoprotein-cholesterol; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; NAFLD: Non-alcoholic fatty liver disease; MS: Metabolic syndrome.

to the four knowledgeable ultrasound criteria (liver
brightness, deep attenuation, hepatorenal echo
contrast and vascular blurring), subjects who met
hepatorenal contrast and liver brightness were
[26]
diagnosed with fatty liver disease . NAFLD was
diagnosed based on the guidelines for assessment and
management of NAFLD in the Asia-Pacific region when
fatty liver was present in the absence of the following:
(1) viral hepatitis (hepatitis B or hepatitis C); (2)
hepatic cirrhosis and liver carcinoma; (3) autoimmune
liver disease or other liver disease; and (4) excess
alcohol consumption (> 140 g/wk for men or > 70 g/wk
[27]
for women) .
The definition of metabolic syndrome (MS) was
based on the presence of three or more of the
following China Diabetes Federation MS criteria:
(1) central obesity: BMI ≥ 25 in both genders; (2)
hypertension: SBP ≥ 140 mmHg or DBP ≥ 90 mmHg
or previously diagnosed; (3) dyslipidemia: TG ≥ 1.7
mmol/L and/or HDL-C < 0.9 mmol/L in males and < 1.0
mmol/L in females; and (4) hyperglycemia: FPG ≥ 6.1
[28]
mmol/L or hyperglycemia previously diagnosed .

groups that had been classified as being polyp-free or
having colorectal polyps, adenomatous polyps, and
hyperplastic polyps. The associations between NAFLD
and the prevalence of colorectal polyps, adenomatous
polyps and hyperplastic polyps were analyzed by
multinomial logistic regression after adjustment for
independent variables, including NAFLD, age, smoking,
alcohol and MS. In addition, polytomous logistic
models were used for associations between NAFLD and
multiple outcomes, such as number of polyps (single
or multiple), size of polyps (small: < 1 cm or large:
≥ 1 cm) and location of polyps (proximal lesions,
distal lesions and bilateral lesions), in the groups of
adenomatous polyps and hyperplastic polyps. All
models were adjusted for age, smoking, alcohol and
MS as confounding variables. A two-side P value less
than 0.05 was considered statistically significant, and
each OR is presented together with its 95%CI.

RESULTS
Subject characteristics

The demographic and clinical characteristics of eligible
subjects according to colonoscopic findings are pre
sented in Table 1. Among 3686 subjects in our study,
1185 (32.1%) were diagnosed with colorectal polyps,
including 498 (13.5%) with adenomatous polyps, 288
(7.8%) with hyperplastic polyps, and 399 (10.8%)
with inflammatory polyps. Of the 2430 male subjects,
1487 (61.2%) were in the normal group, and 943
(38.8%) were in the colorectal polyps group, including
393 (16.2%) with adenomatous polyps and 239 (9.8%)
with hyperplastic polyps (Table 2). Of the female

Statistical analysis

Statistical analyses were conducted using SPSS
software (SPSS version 23.0 for Windows). Demo
graphic data and other risk factors for colorectal
polyps, adenomatous polyps and hyperplastic polyps
are presented as the mean ± SD or percentages.
One-way analysis of variance (ANOVA) or Kruskal2
Wallis test for continuous variables and Pearson χ
tests for categorical variables were used to compare
the baseline of the study population according to the
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Table 2 Demographic and clinical characteristics of 2430 males and 1256 females according to colonoscopic findings n (%)
Characteristic of males

Polyp-free

Colonoscopic findings of 2430 males
1487 (61.2)
Age (yr)
44.61 ± 9.91
Weight (kg)
69.46 ± 10.18
Height (cm)
169.13 ± 5.56
BMI (kg/m2)
24.28 ± 3.22
SBP (mmHg)
127.29 ± 16.24
DBP (mmHg)
76.44 ± 11.75
FPG (mmol/L)
4.86 ± 1.26
TG (mmol/L)
2.14 ± 2.04
TC (mmol/L)
5.42 ± 1.16
HDL-C (mmol/L)
1.22 ± 0.28
LDL-C (mmol/L)
3.26 ± 0.86
ALT (IU/L)
34.71 ± 33.63
AST (IU/L)
29.00 ± 17.83
NAFLD
355 (23.9)
MS
194 (13.3)
Smoking
465 (31.4)
Alcohol
577 (39.0)
Colonoscopic findings of 1256 females
1014 (80.7)
Age (yr)
46.73 ± 9.97
Weight (kg)
56.62 ± 8.03
Height (cm)
158.04 ± 5.32
BMI (kg/m2)
22.66 ± 2.96
SBP (mmHg)
120.23 ± 19.07
DBP (mmHg)
69.12 ± 11.70
FPG (mmol/L)
4.66 ± 0.90
TG (mmol/L)
1.27 ± 0.80
TC (mmol/L)
5.25 ± 1.05
HDL-C (mmol/L)
1.48 ± 0.33
LDL-C (mmol/L)
3.09 ± 0.85
ALT (IU/L)
21.15 ± 19.93
AST (IU/L)
24.64 ± 12.98
NAFLD
93 (9.2)
MS
52 (5.3)
Smoking
197 (19.6)
Alcohol
277 (27.5)

Colorectal polyps

P value vs

Polyp-free

Adenomatous
polyps

943 (38.8)
50.18 ± 9.67
70.88 ± 10.20
168.88 ± 5.80
24.81 ± 3.06
130.47 ± 17.83
78.14 ± 12.03
5.06 ± 1.49
2.15 ± 1.95
5.42 ± 1.12
1.22 ± 0.29
3.26 ± 0.84
35.31 ± 29.49
30.22 ± 19.06
268 (28.4)
156 (17.0)
327 (34.9)
377 (40.3)

< 0.001
0.001
0.305
< 0.001
< 0.001
0.001
0.001
0.920
0.954
0.892
0.829
0.657
0.115
0.014
0.018
0.076
0.536

242 (19.3)
51.68 ± 10.96
58.41 ± 8.27
157.62 ± 5.16
23.50 ± 3.05
128.13 ± 20.13
72.40 ± 11.31
4.80 ± 0.99
1.46 ± 0.92
5.52 ± 1.10
1.42 ± 0.31
3.33 ± 0.91
20.13 ± 11.46
23.71 ± 8.56
23 (9.5)
24 (10.2)
46 (19.2)
68 (28.3)

< 0.001
0.002
0.268
< 0.001
< 0.001
< 0.001
0.037
0.002
< 0.001
0.008
< 0.001
0.451
0.286
0.873
0.021
0.884
0.804

P value vs

P value vs

Polyp-free

Hyperplastic
polyps

393 (16.2)
51.71 ± 9.54
70.27 ± 10.12
168.28 ± 6.04
24.77 ± 3.03
131.97 ± 18.29
78.77 ± 11.93
5.04 ± 1.46
2.16 ± 2.24
5.45 ± 1.24
1.24 ± 0.30
3.24 ± 0.83
35.54 ± 23.59
30.37 ± 12.31
116 (29.5)
64 (15.8)
127 (32.4)
153 (39.0)

< 0.001
0.164
0.012
0.006
< 0.001
0.001
0.012
0.878
0.686
0.244
0.632
0.649
0.155
0.028
0.123
0.717
0.995

239 (9.8)
47.56 ± 8.90
71.47 ± 10.74
169.44 ± 5.72
24.85 ± 3.22
127.82 ± 16.88
77.57 ± 12.11
4.96 ± 1.42
2.14 ± 1.24
5.49 ± 1.08
1.21 ± 0.27
3.34 ± 0.90
35.2 ± 27.26
29.32 ± 13.41
72 (30.1)
37 (18.3)
91 (38.2)
100 (42.0)

< 0.001
0.005
0.427
0.011
0.639
0.173
0.233
0.987
0.374
0.597
0.221
0.834
0.796
0.038
0.334
0.045
0.379

105 (8.4)
51.99 ± 10.68
57.34 ± 8.61
157.08 ± 5.46
23.21 ± 3.06
125.21 ± 19.59
71.19 ± 11.03
4.80 ± 1.07
1.30 ± 0.66
5.43 ± 1.09
1.43 ± 0.31
3.30 ± 0.87
17.74 ± 9.29
22.62 ± 6.73
6 (5.7)
9 (8.8)
24 (23.3)
38 (36.9)

< 0.001
0.385
0.080
0.073
0.012
0.086
0.147
0.716
0.088
0.114
0.017
3.000
0.121
0.160
0.227
0.369
0.063

49 (3.9)
51.10 ± 9.50
60.42 ± 7.01
157.89 ± 4.21
24.24 ± 2.66
127.25 ± 22.56
72.63 ± 12.27
4.80 ± 1.06
1.65 ± 1.11
5.72 ± 1.17
1.41 ± 0.28
3.45 ± 1.00
21.76 ± 13.28
25.00 ± 13.10
7 (14.3)
7 (14.3)
10 (20.4)
18 (36.7)

0.003
0.001
0.840
< 0.001
0.013
0.041
0.318
0.002
0.002
0.123
0.004
0.835
0.848
0.324
0.084
0.887
0.201

Polyp-free

BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; FPG: Fasting plasma glucose; TG: Triglyceride; TC: Total
cholesterol; HDL-C: High density lipoprotein-cholesterol; LDL-C: Low density lipoprotein-cholesterol; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; NAFLD: Non-alcoholic fatty liver disease; MS: Metabolic syndrome.

subjects, 1014 (80.7%) were in the normal group,
and 242 (19.3%) were in the colorectal polyps group,
including 105 (8.4%) with adenomatous polyps and
49 (3.9%) with hyperplastic polyps. The prevalence of
NAFLD in the colorectal polyps group, adenomatous
polyps group, and hyperplastic polyps group were
268 (28.4%), 116 (29.5%), and 72 (30.1%) in males
and 23 (9.5%), 6 (5.7%), and 7 (14.3%) in females,
respectively. Overall, subjects without colorectal
polyps had younger age, higher HDL-C, and reduced
weight, BMI values, SBP, DBP, FPG, TG, TC, LDL-C, MS
prevalence, smoking and alcohol use.

A, compared with the polyp-free group, multinomial
logistic regression demonstrated that subjects with
NAFLD exhibited an increased prevalence of colorectal
polyps (OR = 1.49, 95%CI: 1.26-1.76, P < 0.001),
adenomatous polyps (OR = 1.49, 95%CI: 1.18-1.87,
P < 0.05) and hyperplastic polyps (OR = 1.73, 95%CI:
1.31-2.29, P < 0.001) compared with subjects without
NAFLD. In model C, the adjusted ORs for colorectal
polyps (OR = 1.26, 95%CI: 1.05-1.51, P < 0.05),
adenomatous polyps (OR = 1.28, 95%CI: 1.01-1.64,
P < 0.05) and hyperplastic polyps (OR = 1.35, 95%CI:
1.01-1.82, P < 0.05) remained significantly increased
in subjects with NAFLD.

NAFLD is related to the prevalence of adenomatous
polyps and hyperplastic polyps

Does the association between NAFLD and colorectal
polyps persist after sex analysis?

The results of the multinomial logistic regression of risk
factors for colorectal polyps, adenomatous polyps and
hyperplastic polyps are presented in Table 3. In model
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Multinomial logistic regression was performed to obtain
a deeper understanding of the relationship between

5210

July 28, 2017|Volume 23|Issue 28|

Chen QF et al . NAFLD and colorectal polyps
1.21-3.76, P = 0.009) increased by approximately
1.5-fold compared with small adenoma (OR = 1.44,
95%CI: 1.08-1.91, P = 0.013). In addition, the asso
ciations between NAFLD and the prevalence of single
(OR = 1.81, 95%CI: 1.19-2.74, P = 0.005), small (OR
= 1.45, 95%CI: 1.05-2.00, P = 0.023) and proximal (OR
= 2.62, 95%CI: 1.32-5.17, P = 0.006) hyperplastic
polyps were noticeably stronger.

Table 3 Adjusted ORs and 95%CIs of clinical variables
on the risk of colorectal polyps, adenomatous polyps and
hyperplastic polyps based on multinomial logistic regression
Polyps

Model A

Model B

Model C

OR (95%CI)

OR (95%CI)

OR (95%CI)

1.28 (1.07-1.52)a
2.81 (2.37-3.34)b
1.06 (1.05-1.06)b
1.15 (0.98-1.35)

1.26 (1.05-1.51)a
2.76 (2.32-3.29)b
1.06 (1.05-1.06)b
1.15 (0.97-1.38)
1.01 (0.86-1.20)
1.12 (0.90-1.40)

a

1.29 (1.02-1.64)
2.83 (2.22-3.61)b
1.07 (1.06-1.08)b
1.09 (0.88-1.36)

a

1.28 (1.01-1.64)
2.78 (2.18-3.55)b
1.07 (1.06-1.08)b
1.06 (0.84-1.35)
1.09 (0.87-1.37)
1.02 (0.76-1.38)

1.40 (1.05-1.86)a
3.23 (2.33-4.47)b
1.03 (1.02-1.05)b
1.30 (1.00-1.70)a

1.35 (1.01-1.82)a
3.12 (2.25-4.33)b
1.03 (1.02-1.05)b
1.27 (0.95-1.70)
1.09 (0.82-1.44)
1.13 (0.79-1.63)

Colorectal polyps
NAFLD
1.49 (1.26-1.76)b
Gender
Age
Smoking
Alcohol
MS
Adenomatous polyps
NAFLD
1.49 (1.18-1.87)a
Gender
Age
Smoking
Alcohol
MS
Hyperplastic polyps
NAFLD
1.73 (1.31-2.29)b
Gender
Age
Smoking
Alcohol
MS

DISCUSSION
Our study presented that individuals with NAFLD
exhibited an increased prevalence of colorectal adeno
matous polyps compared with individuals without
[19,21]
NAFLD, which is consistent with previous reports
.
This study also showed that NAFLD is a risk factor
for the increased prevalence of hyperplastic polyps.
Therefore, this is the first study performed to explore an
association between ultrasound-diagnosed NAFLD and
colorectal adenomatous and hyperplastic polyps.
In our study, for the entire enrolled population,
NAFLD is a risk factor for the prevalence of adeno
matous polyps (OR = 1.28) and hyperplastic polyps
(OR = 1.35). To analyze whether sex influences
the association of NAFLD with adenomatous and
hyperplastic polyps, we presented data classified
according to sex and demonstrated that NAFLD is a risk
factor for adenomatous (OR = 1.53) and hyperplastic
polyps (OR = 1.42) in males after considering
confounding variables, such as age, smoking, alcohol
and MS. In contrast, no association was noted
between NAFLD and adenomatous and hyperplastic
polyps in females. In the adenomatous polyps group,
individuals with NAFLD had an increased risk of
multiple, including small and large, distal and bilateral
polyps. Furthermore, the association between NAFLD
and hyperplastic polyps was more prominent for the
risk of single, small and proximal hyperplastic polyps.
[20]
Our results may explain why Touzin et al
failed to
demonstrate that patients with biopsy-proven NAFLD
had an increased incidence of colorectal adenoma, with
only 233 (48% in females) patients enrolled.
The significant association between NAFLD and
colorectal adenomatous polyps has been recognized by
[19]
several researchers. Hwang et al conducted a crosssectional study and demonstrated that NAFLD is an
independent risk factor for the prevalence of colorectal
adenoma and particularly associated with an increased
risk for multiple adenomas. Furthermore, Stadlmayr
[21]
et al
examined 1200 patients via screening co
lonoscopy and identified an increased prevalence of
colorectal adenomas and early colorectal cancer in
patients with NAFLD compared with those without
NAFLD. This study also reported that the prevalence
rate of colorectal adenomas was obviously increased in
males with NAFLD compared with females with NAFLD.
[29]
In addition, Wong et al
conducted a cross-sectional
study of 433 subjects, including 135 with biopsyproven NAFLD, and demonstrated that patients with

Model A is univariate analysis; Model B is adjusted for gender, age and
smoking; Model C is adjusted for gender, age, smoking, alcohol and
MS. aP < 0.05; bP < 0.001. NAFLD: Non-alcoholic fatty liver disease; MS:
Metabolic syndrome.

NAFLD and the prevalence of adenomatous polyps
and hyperplastic polyps in males and females (Table
4). In model A, NAFLD was independently related
to both adenomatous polyps (OR = 1.34, 95%CI:
1.04-1.71, P < 0.05) and hyperplastic polyps (OR =
1.38, 95%CI: 1.02-1.86, P < 0.05) in males, whereas
no significant relationship was noted between NAFLD
and colorectal polyps in females. After adjustment for
age and smoking (model B), associations between
NAFLD and adenomatous polyps (OR = 1.53, 95%CI:
1.19-1.98, P < 0.05) and hyperplastic polyps (OR =
1.44, 95%CI: 1.06-1.95, P < 0.05) were noted in
males. In model C, after controlling for confounding
factors, such as age, smoking, alcohol and MS, the
associations between NAFLD and adenomatous polyps
and hyperplastic polyps remained (OR = 1.53, 95%CI:
1.18-2.00, P < 0.05; OR = 1.42, 95%CI: 1.04-1.95, P
< 0.05) statistically significant in males.

Stratified analysis

The stratified analysis performed according to the
number, size and location of adenomatous polyps
and hyperplastic polyps is presented in Table 5. In
the adenomatous polyps group, compared with nonNAFLD and adjusted for age, smoking, alcohol and MS,
NAFLD was associated with multiple adenomas (OR =
1.82, 95%CI: 1.29-2.55, P = 0.001), distal adenoma
(OR = 1.63, 95%CI: 1.11-2.39, P = 0.013), and
bilateral adenoma (OR = 1.89, 95%CI: 1.23-2.91, P =
0.004). The OR for large adenoma (OR = 2.13, 95%CI:
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Table 4 Adjusted odds ratios and 95%CIs of clinical variables on the risk of colorectal polyps, adenomatous polyps and hyperplastic
polyps according to different-sex groups based on multinomial logistic regression
Polyps

Model A
Male
Female
OR (95%CI)
OR (95%CI)
Colorectal polyps
NAFLD
1.27 (1.05-1.52)a
1.04 (0.64-1.68)
Age
Smoking
Alcohol
MS
Adenomatous polyps
NAFLD
1.34 (1.04-1.71)a
0.60 (0.26-1.41)
Age
Smoking
Alcohol
MS
Hyperplastic polyps
NAFLD
1.38 (1.02-1.86)a
1.65 (0.72-3.78)
Age
Smoking
Alcohol
MS

Model B

Model C

Male
OR (95%CI)

Female
OR (95%CI)

Male
OR (95%CI)

Female
OR (95%CI)

1.41 (1.16-1.71)a
1.06 (1.05-1.07)b
1.22 (1.02-1.46)a

0.80 (0.49-1.32)
1.05 (1.03-1.06)b
0.95 (0.66-1.36)

1.40 (1.14-1.71)a
1.06 (1.05-1.07)b
1.23 (1.02-1.50)a
0.98 (0.81-1.19)
1.07 (0.84-1.37)

0.78 (0.47-1.28)
1.05 (1.03-1.06)b
0.88 (0.57-1.36)
1.19 (0.81-1.74)
1.37 (0.80-2.34)

1.53 (1.19-1.98)a
1.08 (1.06-1.09)b
1.10 (0.86-1.40)

0.45 (0.19-1.07)
1.05 (1.03-1.07)b
1.24 (0.76-2.02)

1.53 (1.18-2.00)a
1.08 (1.06-1.09)b
1.12 (0.85-1.46)
0.97 (0.75-1.25)
0.98 (0.71-1.36)

0.44 (0.18-1.04)
1.05 (1.03-1.07)b
0.90 (0.50-1.61)
1.77 (1.06-2.96)a
1.17 (0.53-2.56)

1.44 (1.06-1.95)a
1.04 (1.02-1.05)b
1.38 (1.03-1.83)a

1.30 (0.56-3.03)
1.04 (1.01-1.07)a
1.01 (0.49-2.06)

1.42 (1.04-1.95)a
1.04 (1.02-1.05)b
1.38 (1.01-1.88)a
1.01 (0.74-1.36)
1.02 (0.69-1.52)

1.18 (0.50-2.78)
1.04 (1.01-1.07)a
0.71 (0.31-1.65)
1.85 (0.92-3.72)
2.01 (0.81-4.94)

Model A is univariate analysis; Model B is adjusted for age and smoking; Model C is adjusted for age, smoking, alcohol and MS. aP < 0.05, bP < 0.001.
NAFLD: Non-alcoholic fatty liver disease; MS: Metabolic syndrome.

Table 5 Adjusted odds ratios and 95%CIs of non-alcoholic fatty liver disease for adenomatous polyps and hyperplastic polyps of
the colon and rectum by morphological characteristics in males
Adenomatous polyps
Number
Single
Multiple
Size
Small (< 1 cm)
Large (≥ 1 cm)
Location
Proximal lesions
Distal lesions
Bilateral lesions

Cases

OR (95%CI)

186
207

1.27 (0.88-1.82)
1.82 (1.29-2.55)

332
61
129
146
118

P value

Hyperplastic polyps

P value

Cases

OR (95%CI)

0.205
0.001

117
121

1.81 (1.19-2.74)
1.13 (0.73-1.76)

0.005
0.583

1.44 (1.08-1.91)
2.13 (1.21-3.76)

0.013
0.009

229
9

1.45 (1.05-2.00)
1.00 (0.20-5.07)

0.023
0.999

1.15 (0.73-1.80)
1.63 (1.11-2.39)
1.89 (1.23-2.91)

0.539
0.013
0.004

38
156
44

2.62 (1.32-5.17)
1.33 (0.91-1.95)
1.05 (0.51-2.17)

0.006
0.146
0.894

ORs compared with non-alcoholic fatty liver disease and adjusted for age, smoking, alcohol and metabolic syndrome.

NAFLD exhibited an increased prevalence of adenomas
(34.7% vs 21.5%, P = 0.043). Among biopsyproven NAFLD patients, patients with non-alcoholic
steatohepatitis exhibited an increased prevalence of
adenomas (51.0% vs 25.6%, P = 0.005).
Currently, the mechanisms responsible for the
relationship between NAFLD and colorectal adenomas
have not been clearly understood. The potential
mechanisms for how NAFLD promotes the development
of colorectal adenomas include insulin resistance and
[30,31]
chronic inflammation
. Insulin and IGF may facilitate
the development of colorectal adenoma through
[31]
their antiapoptotic and proliferative effects . It is
generally accepted that adipocytokine metabolism
disorders, which influence the development of colorectal
[32,33]
neoplasms, exist in NAFLD individuals
. In addition,
as an adipocyte-secreted factor, monocyte chemotactic
protein-1 attracts macrophages and causes local

WJG|www.wjgnet.com

inflammatory response and the release of other
[34]
cytokines . Furthermore, inflammatory cytokines,
such as interleukin-6, tumor necrosis factor-alpha and
adiponectin, play an important role in the development
of colorectal adenomas in NAFLD patients. The levels
of interleukin-6 and tumor necrosis factor-alpha,
as carcinogens and growth-promoting factors, are
increasing. In contrast, the levels of adiponectin, a
[35]
protective factor, are reduced with NAFLD .
Although hyperplastic polyps have been regarded
as non-neoplastic polyps lacking malignant potential,
recent studies provided some evidence of the presence
of molecular changes consistent with neoplasia,
including ras mutations, hypomethylation of the c-myc
[36-41]
gene and high levels of microsatellite instability
.
[11]
Furthermore, Huang et al
conducted a retrospective
cohort study using the records of a single surgeon’s
colonoscopic experience over a 20-year period and

5212

July 28, 2017|Volume 23|Issue 28|

Chen QF et al . NAFLD and colorectal polyps
Previous studies demonstrated that non-alcoholic fatty liver disease (NAFLD)
is associated with an increased risk of colorectal adenoma. However, the
association of NAFLD and hyperplastic polyps remains unclear.

found that patients with hyperplastic polyps on initial
colonoscopic examination may have twice the risk of
adenomas on follow-up colonoscopy compared with
[42]
those with clean initial examination. Hyman et al
found that 7 (54%) of 13 patients with hyperplastic
polyposis developed colorectal cancer during their study
period and suggested that patients with hyperplastic
polyposis are at high risk for colorectal cancer. A
cross-sectional study suggested that higher serum
insulin levels were associated with an increased risk of
[8]
proximal colon adenomatous and hyperplastic polyps .
An experimental study reported that hyperinsulinemia
was associated with high susceptibility to colonic car
[43]
cinogenesis induced by DNA methylation in animals .
Furthermore, the roles of insulin resistance and hyper
[44,45]
insulinemia in NAFLD are well recognized
. Given
the link between NAFLD and hyperinsulinemia and
the link between hyperinsulinemia and hyperplastic
polyps, our study clearly demonstrated that NAFLD was
associated with hyperplastic polyps.
Some studies demonstrated that the association of
dyslipidemia and colon adenoma existed in different
[23]
sex groups. Kim et al
supported that the risk of
adenoma increased significantly by 2-fold when TC
≥ 150 mg/dL or HDL-C < 40 mg/dL in males. In
contrast, no association was noted between adenoma
prevalence and dyslipidemia in females. In addition,
[22]
Liu et al
declared that dyslipidemia and large waist,
as a component of MS, exhibited an association with
colon adenoma in males but not in females. As a
metabolic disease, NAFLD is closely correlated with
dyslipidemia. The relationship between NAFLD and
colorectal polyps may not be consistent in different sex
groups.
Our study had several limitations that should be
acknowledged. First, potential selection bias might
exist based on general health check-ups, and data,
such as visceral fat, fat intake and intestinal flora, are
insufficient. Second, the causality between NAFLD and
the risk for colorectal adenomatous and hyperplastic
polyps is difficult to infer through a cross-sectional
study. Third, our study subjects were derived from a
single center, and multi-centered research should be
performed to further confirm the association in the
next step. Fourth, although liver biopsy is a standard
criterion for NAFLD diagnosis, the diagnosis of fatty
liver was based on ultrasound imaging with a 94%
[46]
sensitivity and 84% specificity .
In conclusion, our study clearly demonstrated that
NAFLD is specifically associated with an increased risk
of colorectal adenomatous and hyperplastic polyps in
men. However, NAFLD is not a significant factor in the
prevalence of colorectal polyps in women.

Research frontiers

Colorectal cancer arises from colorectal adenomas and some subsets of
hyperplastic polyps. Early diagnosis of colorectal adenomatous and hyperplastic
polyps is very important to reduce mortality. It is necessary for males with
NAFLD to undergo colonoscopy screening and surveillance.

Innovations and breakthroughs

This study identified NAFLD as an independent risk factor for colorectal
adenomatous and hyperplastic polyps in males, and NAFLD may be not a
significant factor in the prevalence of colorectal polyps in women.

Applications

This research demonstrated that males who have NAFLD exhibit an increased
risk of colorectal adenomatous and hyperplastic polyps. The prevalence of
colorectal adenocarcinoma is high in men. Therefore, it is necessary for males
with NAFLD to undergo colonoscopy screening and surveillance.

Peer-review

The current manuscript investigated features of the metabolic syndrome
(presence of NAFLD) and incidence of adenomatous and hyperplastic polyps.

REFERENCES
1

2
3

4

5

6

7

8

9

COMMENTS
COMMENTS

10

Background

Colorectal adenomatous polyps and some subsets of hyperplastic polyps
have been considered precursors of hereditary and sporadic colorectal cancer.

WJG|www.wjgnet.com

5213

Leslie A, Carey FA, Pratt NR, Steele RJ. The colorectal adenomacarcinoma sequence. Br J Surg 2002; 89: 845-860 [PMID:
12081733 DOI: 10.1046/j.1365-2168.2002.02120.x]
Jass JR. Hyperplastic polyps of the colorectum-innocent or guilty?
Dis Colon Rectum 2001; 44: 163-166 [PMID: 11227930]
Provenzale D, Garrett JW, Condon SE, Sandler RS. Risk for colon
adenomas in patients with rectosigmoid hyperplastic polyps. Ann
Intern Med 1990; 113: 760-763 [PMID: 2240878]
Sciallero S, Costantini M, Bertinelli E, Castiglione G, Onofri
P, Aste H, Casetti T, Mantellini P, Bucchi L, Parri R, Boni L,
Bonelli L, Gatteschi B, Lanzanova G, Rinaldi P, Giannini A,
Naldoni C, Bruzzi P. Distal hyperplastic polyps do not predict
proximal adenomas: results from a multicentric study of colorectal
adenomas. Gastrointest Endosc 1997; 46: 124-130 [PMID:
9283861]
Croizet O, Moreau J, Arany Y, Delvaux M, Rumeau JL, Escourrou
J. Follow-up of patients with hyperplastic polyps of the large
bowel. Gastrointest Endosc 1997; 46: 119-123 [PMID: 9283860]
Arnold M, Sierra MS, Laversanne M, Soerjomataram I, Jemal A,
Bray F. Global patterns and trends in colorectal cancer incidence
and mortality. Gut 2017; 66: 683-691 [PMID: 26818619 DOI:
10.1136/gutjnl-2015-310912]
Liljegren A, Lindblom A, Rotstein S, Nilsson B, Rubio C,
Jaramillo E. Prevalence and incidence of hyperplastic polyps
and adenomas in familial colorectal cancer: correlation between
the two types of colon polyps. Gut 2003; 52: 1140-1147 [PMID:
12865272]
Yoshida I, Suzuki A, Vallée M, Matano Y, Masunaga T, Zenda T,
Shinozaki K, Okada T. Serum insulin levels and the prevalence of
adenomatous and hyperplastic polyps in the proximal colon. Clin
Gastroenterol Hepatol 2006; 4: 1225-1231 [PMID: 16979948
DOI: 10.1016/j.cgh.2006.07.002]
Morimoto LM, Newcomb PA, Ulrich CM, Bostick RM, Lais CJ,
Potter JD. Risk factors for hyperplastic and adenomatous polyps:
evidence for malignant potential? Cancer Epidemiol Biomarkers
Prev 2002; 11: 1012-1018 [PMID: 12376501]
Ji BT, Weissfeld JL, Chow WH, Huang WY, Schoen RE, Hayes
RB. Tobacco smoking and colorectal hyperplastic and adenomatous
polyps. Cancer Epidemiol Biomarkers Prev 2006; 15: 897-901
[PMID: 16702367 DOI: 10.1158/1055-9965.epi-05-0883]

July 28, 2017|Volume 23|Issue 28|

Chen QF et al . NAFLD and colorectal polyps
11

12
13

14

15

16

17

18

19

20

21

22

23

24

25

26

Huang EH, Whelan RL, Gleason NR, Maeda JS, Terry MB, Lee
SW, Neugut AI, Forde KA. Increased incidence of colorectal
adenomas in follow-up evaluation of patients with newly diagnosed
hyperplastic polyps. Surg Endosc 2001; 15: 646-648 [PMID:
11591960 DOI: 10.1007/s004640000389]
Loomba R, Sanyal AJ. The global NAFLD epidemic. Nat Rev
Gastroenterol Hepatol 2013; 10: 686-690 [PMID: 24042449 DOI:
10.1038/nrgastro.2013.171]
Liu Y, Dai M, Bi Y, Xu M, Xu Y, Li M, Wang T, Huang F, Xu
B, Zhang J, Li X, Wang W, Ning G. Active smoking, passive
smoking, and risk of nonalcoholic fatty liver disease (NAFLD): a
population-based study in China. J Epidemiol 2013; 23: 115-121
[PMID: 23399520]
Gaggini M, Morelli M, Buzzigoli E, DeFronzo RA, Bugianesi E,
Gastaldelli A. Non-alcoholic fatty liver disease (NAFLD) and its
connection with insulin resistance, dyslipidemia, atherosclerosis
and coronary heart disease. Nutrients 2013; 5: 1544-1560 [PMID:
23666091 DOI: 10.3390/nu5051544]
Bugianesi E, Gastaldelli A, Vanni E, Gambino R, Cassader M,
Baldi S, Ponti V, Pagano G, Ferrannini E, Rizzetto M. Insulin
resistance in non-diabetic patients with non-alcoholic fatty liver
disease: sites and mechanisms. Diabetologia 2005; 48: 634-642
[PMID: 15747110 DOI: 10.1007/s00125-005-1682-x]
Probst-Hensch NM, Yuan JM, Stanczyk FZ, Gao YT, Ross RK,
Yu MC. IGF-1, IGF-2 and IGFBP-3 in prediagnostic serum:
association with colorectal cancer in a cohort of Chinese men in
Shanghai. Br J Cancer 2001; 85: 1695-1699 [PMID: 11742490
DOI: 10.1054/bjoc.2001.2172]
Muhidin SO, Magan AA, Osman KA, Syed S, Ahmed MH. The
relationship between nonalcoholic fatty liver disease and colorectal
cancer: the future challenges and outcomes of the metabolic
syndrome. J Obes 2012; 2012: 637538 [PMID: 23304464 DOI:
10.1155/2012/637538]
Lee YI, Lim YS, Park HS. Colorectal neoplasms in relation to
non-alcoholic fatty liver disease in Korean women: a retrospective
cohort study. J Gastroenterol Hepatol 2012; 27: 91-95 [PMID:
21679251 DOI: 10.1111/j.1440-1746.2011.06816.x]
Hwang ST, Cho YK, Park JH, Kim HJ, Park DI, Sohn CI, Jeon
WK, Kim BI, Won KH, Jin W. Relationship of non-alcoholic fatty
liver disease to colorectal adenomatous polyps. J Gastroenterol
Hepatol 2010; 25: 562-567 [PMID: 20074156 DOI: 10.1111/
j.1440-1746.2009.06117.x]
Touzin NT, Bush KN, Williams CD, Harrison SA. Prevalence of
colonic adenomas in patients with nonalcoholic fatty liver disease.
Therap Adv Gastroenterol 2011; 4: 169-176 [PMID: 21694801
DOI: 10.1177/1756283X11402118]
Stadlmayr A, Aigner E, Steger B, Scharinger L, Lederer D, Mayr
A, Strasser M, Brunner E, Heuberger A, Hohla F, Steinwendner J,
Patsch W, Datz C. Nonalcoholic fatty liver disease: an independent
risk factor for colorectal neoplasia. J Intern Med 2011; 270: 41-49
[PMID: 21414047 DOI: 10.1111/j.1365-2796.2011.02377.x]
Liu CS, Hsu HS, Li CI, Jan CI, Li TC, Lin WY, Lin T, Chen YC,
Lee CC, Lin CC. Central obesity and atherogenic dyslipidemia
in metabolic syndrome are associated with increased risk for
colorectal adenoma in a Chinese population. BMC Gastroenterol
2010; 10: 51 [PMID: 20507579 DOI: 10.1186/1471-230X-10-51]
Kim YJ, Lee KJ, Park SY, Han JH, Kwon KY, Kim JH.
Association between Dyslipidemia and the Prevalence of Colon
Polyps Based on a Health Evaluation of Subjects at a Hospital.
Korean J Fam Med 2014; 35: 143-151 [PMID: 24921033 DOI:
10.4082/kjfm.2014.35.3.143]
Horne R, Hankins M, Jenkins R. The Satisfaction with
Information about Medicines Scale (SIMS): a new measurement
tool for audit and research. Qual Health Care 2001; 10: 135-140
[PMID: 11533420]
Soon MS, Kozarek RA, Ayub K, Soon A, Lin TY, Lin OS.
Screening colonoscopy in Chinese and Western patients: a
comparative study. Am J Gastroenterol 2005; 100: 2749-2755
[PMID: 16393230 DOI: 10.1111/j.1572-0241.2005.00355.x]
Hamaguchi M, Kojima T, Takeda N, Nakagawa T, Taniguchi

WJG|www.wjgnet.com

27

28

29

30

31

32

33

34
35

36
37
38

39

40

41
42

5214

H, Fujii K, Omatsu T, Nakajima T, Sarui H, Shimazaki M, Kato
T, Okuda J, Ida K. The metabolic syndrome as a predictor of
nonalcoholic fatty liver disease. Ann Intern Med 2005; 143:
722-728 [PMID: 16287793]
Chitturi S, Farrell GC, Hashimoto E, Saibara T, Lau GK, Sollano
JD; Asia-Pacific Working Party on NAFLD. Non-alcoholic fatty
liver disease in the Asia-Pacific region: definitions and overview of
proposed guidelines. J Gastroenterol Hepatol 2007; 22: 778-787
[PMID: 17565630 DOI: 10.1111/j.1440-1746.2007.05001.x]
Zhou XD, Wu SJ, Wang LR, Liu WY, Zheng JN, Shi KQ, Poucke
SV, Zhang DC, Huang WJ, Zheng MH. Is an elevated hemoglobin
concentration a novel risk factor for metabolic syndrome in the
Chinese population? a large-scale study. Oncotarget 2016; Epub
ahead of print [PMID: 27419623 DOI: 10.18632/oncotarget.10555]
Wong VW, Wong GL, Tsang SW, Fan T, Chu WC, Woo J, Chan
AW, Choi PC, Chim AM, Lau JY, Chan FK, Sung JJ, Chan HL.
High prevalence of colorectal neoplasm in patients with nonalcoholic steatohepatitis. Gut 2011; 60: 829-836 [PMID: 21339204
DOI: 10.1136/gut.2011.237974]
Sanyal AJ, Campbell-Sargent C, Mirshahi F, Rizzo WB,
Contos MJ, Sterling RK, Luketic VA, Shiffman ML, Clore JN.
Nonalcoholic steatohepatitis: association of insulin resistance
and mitochondrial abnormalities. Gastroenterology 2001; 120:
1183-1192 [PMID: 11266382 DOI: 10.1053/gast.2001.23256]
Wong VW, Hui AY, Tsang SW, Chan JL, Tse AM, Chan KF, So
WY, Cheng AY, Ng WF, Wong GL, Sung JJ, Chan HL. Metabolic
and adipokine profile of Chinese patients with nonalcoholic fatty
liver disease. Clin Gastroenterol Hepatol 2006; 4: 1154-1161
[PMID: 16904946 DOI: 10.1016/j.cgh.2006.06.011]
Wong VW, Wong GL, Tsang SW, Hui AY, Chan AW, Choi
PC, So WY, Tse AM, Chan FK, Sung JJ, Chan HL. Genetic
polymorphisms of adiponectin and tumor necrosis factor-alpha and
nonalcoholic fatty liver disease in Chinese people. J Gastroenterol
Hepatol 2008; 23: 914-921 [PMID: 18565022 DOI: 10.1111/
j.1440-1746.2008.05344.x]
Saxena A, Chumanevich A, Fletcher E, Larsen B, Lattwein K, Kaur
K, Fayad R. Adiponectin deficiency: role in chronic inflammation
induced colon cancer. Biochim Biophys Acta 2012; 1822: 527-536
[PMID: 22198319 DOI: 10.1016/j.bbadis.2011.12.006]
Welty FK, Alfaddagh A, Elajami TK. Targeting inflammation
in metabolic syndrome. Transl Res 2016; 167: 257-280 [PMID:
26207884 DOI: 10.1016/j.trsl.2015.06.017]
Hickman IJ, Sullivan CM, Flight S, Campbell C, Crawford DH,
Masci PP, O’Moore-Sullivan TM, Prins JB, Macdonald GA.
Altered clot kinetics in patients with non-alcoholic fatty liver
disease. Ann Hepatol 2009; 8: 331-338 [PMID: 20009132]
Jass JR, Whitehall VL, Young J, Leggett BA. Emerging concepts
in colorectal neoplasia. Gastroenterology 2002; 123: 862-876
[PMID: 12198712]
Hamilton SR. Origin of colorectal cancers in hyperplastic polyps
and serrated adenomas: another truism bites the dust. J Natl Cancer
Inst 2001; 93: 1282-1283 [PMID: 11535695]
Hawkins NJ, Ward RL. Sporadic colorectal cancers with
microsatellite instability and their possible origin in hyperplastic
polyps and serrated adenomas. J Natl Cancer Inst 2001; 93:
1307-1313 [PMID: 11535705]
Bosari S, Moneghini L, Graziani D, Lee AK, Murray JJ, Coggi
G, Viale G. bcl-2 oncoprotein in colorectal hyperplastic polyps,
adenomas, and adenocarcinomas. Hum Pathol 1995; 26: 534-540
[PMID: 7750937]
Otori K, Oda Y, Sugiyama K, Hasebe T, Mukai K, Fujii T, Tajiri
H, Yoshida S, Fukushima S, Esumi H. High frequency of K-ras
mutations in human colorectal hyperplastic polyps. Gut 1997; 40:
660-663 [PMID: 9203947]
Sinicrope FA, Ruan SB, Cleary KR, Stephens LC, Lee JJ,
Levin B. bcl-2 and p53 oncoprotein expression during colorectal
tumorigenesis. Cancer Res 1995; 55: 237-241 [PMID: 7812951]
Hyman NH, Anderson P, Blasyk H. Hyperplastic polyposis and the
risk of colorectal cancer. Dis Colon Rectum 2004; 47: 2101-2104
[PMID: 15657661 DOI: 10.1007/s10350-004-0709-6]

July 28, 2017|Volume 23|Issue 28|

Chen QF et al . NAFLD and colorectal polyps
43
44

45

Lee WM, Lu S, Medline A, Archer MC. Susceptibility of lean
and obese Zucker rats to tumorigenesis induced by N-methyl-Nnitrosourea. Cancer Lett 2001; 162: 155-160 [PMID: 11146220]
Vanni E, Bugianesi E, Kotronen A, De Minicis S, Yki-Järvinen
H, Svegliati-Baroni G. From the metabolic syndrome to NAFLD
or vice versa? Dig Liver Dis 2010; 42: 320-330 [PMID: 20207596
DOI: 10.1016/j.dld.2010.01.016]
Luef G, Rauchenzauner M, Waldmann M, Sturm W, Sandhofer A,
Seppi K, Trinka E, Unterberger I, Ebenbichler CF, Joannidis M,

46

Walser G, Bauer G, Hoppichler F, Lechleitner M. Non-alcoholic
fatty liver disease (NAFLD), insulin resistance and lipid profile in
antiepileptic drug treatment. Epilepsy Res 2009; 86: 42-47 [PMID:
19464851 DOI: 10.1016/j.eplepsyres.2009.04.004]
Mendler MH, Bouillet P, Le Sidaner A, Lavoine E, Labrousse F,
Sautereau D, Pillegand B. Dual-energy CT in the diagnosis and
quantification of fatty liver: limited clinical value in comparison
to ultrasound scan and single-energy CT, with special reference to
iron overload. J Hepatol 1998; 28: 785-794 [PMID: 9625313]
P- Reviewer: Kahraman A, Rocha R S- Editor: Ma YJ
L- Editor: Wang TQ E- Editor: Zhang FF

WJG|www.wjgnet.com

5215

July 28, 2017|Volume 23|Issue 28|

World J Gastroenterol 2017 July 28; 23(28): 5216-5228

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v23.i28.5216

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE
Observational Study

Development and validation of a simple and multifaceted
instrument, GERD-TEST, for the clinical evaluation of
gastroesophageal reflux and dyspeptic symptoms
Koji Nakada, Nobuyuki Matsuhashi, Katsuhiko Iwakiri, Atsushi Oshio, Takashi Joh, Kazuhide Higuchi,
Ken Haruma
Koji Nakada, Department of Laboratory Medicine, Daisan
Hospital Jikei University School of Medicine, Tokyo 201-8601,
Japan

Informed consent statement: Written informed consent was
obtained from all enrolled patients.

Nobuyuki Matsuhashi, Department of Gastroenterology, NTT
Medical Center Tokyo, Tokyo 141-8625, Japan

Clinical trial registration statement: This study was registered
with the University Hospital Medical Information Network’s
Clinical Trials Registry (UMIN-CTR; registration number
000006614).

Katsuhiko Iwakiri, Department of Gastroenterology, Nippon
Medical School Graduate School of Medicine, Tokyo 113-0022,
Japan

Conflict-of-interest statement: The authors declare no conflicts
of interests related to the publication of this study.
Data sharing statement: No additional data was available.

Atsushi Oshio, Faculty of Letters, Arts and Sciences, Waseda
University, Tokyo 162-8644, Japan

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Takashi Joh, Department of Gastroenterology and Metabolism,
Nagoya City University Graduate School of Medical Sciences,
Nagoya 467-8601, Japan
Kazuhide Higuchi, Second Department of Internal Medicine,
Osaka Medical College, Osaka 569-8686, Japan
Ken Haruma, Department of General Internal Medicine 2,
Kawasaki Medical School Kawasaki Hospital, Kurashiki
701-0192, Japan

Manuscript source: Invited manuscript
Correspondence to: Koji Nakada, MD, PhD, Associate
Professor, Department of Laboratory Medicine, Daisan Hospital
Jikei University School of Medicine, 4-11-1, Izumihoncyo,
Komae-shi, Tokyo 201-8601, Japan. nakada@jikei.ac.jp
Telephone: +81-3-34801151-3401
Fax: +81-3-34805700

Author contributions: Nakada K, Iwakiri K, Joh T, Higuchi
K and Haruma K designed the study; Matsuhashi N and other
physicians listed in the acknowledgments collected the data;
Oshio A contributed to statistical analysis; Nakada K wrote the
paper; all authors have read and approved the final version to be
published.

Received: March 6, 2017
Peer-review started: March 7, 2017
First decision: April 25, 2017
Revised: June 11, 2017
Accepted: June 19, 2017
Article in press: June 19, 2017
Published online: July 28, 2017

Supported by Financial support for this clinical study was
provided by GERD Society (Osaka, Japan).
Institutional review board statement: This study was approval
by the ethics committee of each institution or the central ethics
committee of Nishi Clinic, Osaka, Japan.

WJG|www.wjgnet.com

5216

July 28, 2017|Volume 23|Issue 28|

Nakada K et al . Validation study of the GERD-TEST questionnaire

Abstract

however, most PROs are lengthy and complicated.
Therefore, we developed a simple, easy-to-understand
and multifaceted PRO instrument, the gastroesophageal
reflux and dyspepsia therapeutic efficacy and satisfaction
test (GERD-TEST). The psychometric characteristics of
the GERD-TEST were excellent, demonstrating good
validity and reliability. The GERD-TEST enabled a
multifaceted evaluation not only of the severity of
symptoms, but also of the impact of the symptoms on
daily life, the therapeutic response as assessed by the
patient. The GERD-TEST is expected to be a useful
diagnostic/treatment tool for both clinical research and
in daily clinical practice settings.

AIM
To evaluate the psychometric properties of a newly
developed questionnaire, known as the gastro
esophageal reflux and dyspepsia therapeutic efficacy
and satisfaction test (GERD-TEST), in patients with
GERD.
METHODS
Japanese patients with predominant GERD symptoms
recruited according to the Montreal definition were
treated for 4 wk using a standard dose of proton
pump inhibitor (PPI). The GERD-TEST and the Medical
Outcome Study Short Form-8 Health Survey (SF-8)
were administered at baseline and after 4 wk of
treatment. The GERD-TEST contains three domains:
the severity of GERD and functional dyspepsia (FD)
symptoms (5 items), the level of dissatisfaction with
daily life (DS) (4 items), and the therapeutic efficacy as
assessed by the patients and medication compliance (4
items).

Nakada K, Matsuhashi N, Iwakiri K, Oshio A, Joh T, Higuchi
K, Haruma K. Development and validation of a simple and
multifaceted instrument, GERD-TEST, for the clinical evaluation
of gastroesophageal reflux and dyspeptic symptoms. World J
Gastroenterol 2017; 23(28): 5216-5228 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i28/5216.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i28.5216

RESULTS
A total of 290 patients were eligible at baseline; 198
of these patients completed 4 wk of PPI therapy. The
internal consistency reliability as evaluated using the
Cronbach’s α values for the GERD, FD and DS subscales
ranged from 0.75 to 0.82. The scores for the GERD, FD
and DS items/subscales were significantly correlated
with the physical and mental component summary
scores of the SF-8. After 4 wk of PPI treatment, the
scores for the GERD items/subscales were greatly
reduced, ranging in value from 1.51 to 1.87 and with
a large effect size (P < 0.0001, Cohen’s d ; 1.29-1.63).
Statistically significant differences in the changes in the
scores for the GERD items/subscales were observed
between treatment responders and non-responders (P
< 0.0001).

INTRODUCTION
Gastroesophageal reflux disease (GERD) is defined as
a condition that develops when the reflux of stomach
contents causes troublesome symptoms and/or
[1]
complications, according to the Montreal definition .
GERD is a chronic condition that interferes with various
aspects of daily life such as eating, sleeping, daily
activities and mood. GERD is one of the most common
disorders treated in primary care, and its overall pre
valence appears to have increased in Japan recent
[2-4]
years .
GERD, even without any complications, poses a
problem in that the symptoms of the disease interfere
with various aspects of daily living, thereby lowering the
[5,6]
quality of life (QOL) of the patient . It is important,
therefore, to diagnose patients appropriately and to
treat patients efficiently.
Reportedly, concurrent functional dyspepsia (FD)
[7-12]
is frequently encountered in patients with GERD
.
FD is also generally recognized as having an untoward
effect on a patient’s daily living, with a consequent
[13-15]
reduction in QOL
. Thus, the possible presence of
concurrent manifestations of FD should be considered
even in patients seeking medical advice for GERD
symptoms, and if FD symptoms are present, they
should be treated appropriately and at the same time.
The importance of patient-reported outcome (PRO)
in evaluating medical care has been stressed in recent
[16-20]
years
. The Food and Drug Administration (FDA)
[16]
guidance
recommends the use of an appropriate
PRO measure with proven reliability and validity for the
treatment of disorders in which the treatment goal is
to ameliorate symptoms. The application of PRO not
only in clinical trials, but also in daily clinical practice

CONCLUSION
The GERD-TEST has a good reliability, a good con
vergent and concurrent validity, and is responsive to
the effects of treatment. The GERD-TEST is a simple,
easy to understand, and multifaceted PRO instrument
applicable to both clinical trials and the primary care of
GERD patients.
Key words: Gastroesophageal reflux and dyspepsia
therapeutic efficacy and satisfaction test; Patientreported outcome; Gastroesophageal reflux disease;
Validity; Reliability
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A patient-reported outcome (PRO) can be a
clinically relevant outcome measure of disease impact
and treatment response in both clinical trials and
primary care. The practical use and dissemination of
PRO as a diagnostic and evaluation tool is anticipated;
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settings would enable greater objectivity in the
diagnosis and evaluation of therapeutic responses in
GERD cases and the provision of effective and efficient
treatment. However, an optimal PRO for GERD patients
does not presently exist. Most of the previously
developed PROs for GERD were too long or were too
complicated to use in routine clinical care, and most
were not well validated for the diagnosis of GERD, the
evaluation of symptom-induced burden, the impact
on daily life, or the therapeutic response. The lack of
a simple, easy to understand instrument for GERD
patients encouraged the development of the presently
reported gastroesophageal reflux and dyspepsia
therapeutic efficacy and satisfaction test (GERD-TEST).
The concepts behind the newly developed ques
tionnaire, known as the GERD-TEST, were as follows:
(1) Simplicity (i.e., a minimum number of items), (2)
easy to understand; (3) applicability to the diagnosis of
GERD and the evaluation of symptom-induced burden,
impact on daily life, and therapeutic response after
treatment; (4) the ability to detect simultaneous FD;
and (5) applicability to both clinical trials and primary
care.
The aim of the present study was to assess the
reliability and validity of the GERD-TEST in a population
of patients who had been diagnosed as having GERD
according to the Montreal definition.

study (the Montreal definition); (2) at least 20 years of
age; and (3) provision of written informed consent.
Exclusion criteria were (1) comorbidity or history
of disease that could potentially affect the study
results [for example, Zollinger-Ellison syndrome,
inflammatory bowel disease, irritable bowel syndrome
(IBS), esophageal stricture, eosinophilic esophagitis,
achalasia, malabsorption, or cerebrovascular disease];
(2) concurrent symptoms of concern such as vomiting,
peptic ulcer except those in the scarred stage, and
severe hepatic or renal or cardiac diseases, mental
disorder, uncontrolled metabolic diseases, neurological
diseases, collagen diseases, or other diseases; (3)
confirmed or suspected malignancy; (4) history of
gastrointestinal tract resection or vagotomy; (5)
history of hypersensitivity to PPIs or their excipients;
(6) Helicobacter pylori eradication within 6 mo before
enrollment; (7) pregnancy, possible pregnancy, or
breastfeeding; (8) ingestion of PPI or histamine type
2 (H2)-receptor antagonist within 1 wk of enrollment;
and (9) patients otherwise deemed to be ineligible by
the attending physician.
Prohibited concomitant drugs were those that might
affect the study results (PPIs other than the study
drugs, H2-receptor antagonists, prokinetic agents,
gastric mucosal protective agents, and anticholinergic
drugs), and drugs that might interact with the study
drugs.

MATERIALS AND METHODS

Assessments

Study design

Severity of reflux esophagitis was assessed according
[21,22]
to the modified Los Angeles classification system
.
Patients’ demographic and clinical characteristics were
recorded before beginning PPI therapy (0w) with a
series of questionnaires. GERD and dyspeptic symptoms
[23]
and QOL were assessed using the GERD-TEST
and
the acute (1-wk-recall) version of a health-related QOL
[24]
survey (SF-8) , respectively, at 0 wk, 2 wk, and 4
wk after PPI treatment. Psychiatric bias was assessed
[25]
using the Hospital Anxiety and Depression Scale
at
0 wk and 4 wk. All questionnaires were completed and
mailed to the data center by the study participants.

This was a multicenter, prospective, observational
study conducted at 29 institutions in Japan, in which
one or more investigators per institution was a
member of the GERD Society, a Japanese collaborative
research group consisting of experts in clinical practice
of GERD. The study was conducted in accordance with
the Declaration of Helsinki (sixth revision, 2008), after
approval by the ethics committee of each institution
or the central ethics committee of Nishi Clinic,
Osaka, Japan. The study was registered with the
University Hospital Medical Information Network Center
Clinical Trials Registry in Japan (reference number
UMIN000006614).

Questionnaires for data collection

Patient characteristics were recorded using a ques
tionnaire that included sex, age, height, weight, and
lifestyle factors (regularity of daily life, consumption
of caffeine-containing beverages or high-fat meals,
smoking status, and alcohol consumption).
The GERD-TEST is a patient-reported questionnaire
composed of 13 items for investigating GERD and
dyspepsia symptoms, impact to the patient’s daily life,
and patient’s impression of the therapy. Questions (Q)
1 to Q5 of the GERD-TEST assess the severity of upper
abdominal symptoms; Q6-Q9 assess the impact of
symptoms on daily life, including eating, sleeping, daily
activity, and mood; Q10-Q12 evaluate the therapeutic
response to the PPIs; Q13 asks compliance with the

Patients

Outpatients with symptomatic GERD who received
proton pump inhibitor (PPI) treatment in routine clinical
care were recruited for this study. After endoscopic
examination, patients were treated with a PPI at a
dosage approved in Japan before the start of this
study (April 2011), i.e., omeprazole 20 mg once daily,
lansoprazole 30 mg once daily, or rabeprazole 10 or 20
mg once daily.
Inclusion criteria were as follows: (1) moderate or
severe heartburn or acid regurgitation at least once a
week or mild heartburn or acid regurgitation at least
twice a week during the 2 wk prior to the start of the
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Table 1 Gastroesophageal reflux and dyspepsia-therapeutic efficacy and satisfaction test
Q1. Have you been bothered by heartburn during the past week?
(By heartburn we mean a burning pain or discomfort behind the breastbone in your chest)
Q2. Have you been bothered by acid regurgitation during the past week?
(By acid regurgitation we mean regurgitation or flow of sour or bitter fluid into your mouth)
Q3. Have you been bothered by epigastric pain or burning during the past week?
(Epigastric pain includes any type of pain of the stomach)
Q4. Have you been bothered by postprandial fullness during the past week?
(Postprandial fullness refers to discomfort or a sensation of heaviness caused by the food you consume remaining in the stomach)
Q5. Have you been bothered by early satiation during the past week? (Early satiation refers to the inability to finish a normally sized meal)
Response scale for Q1-5:
1 = no discomfort at all, 2 = slight discomfort, 3 = mild discomfort, 4 = moderate discomfort, 5 = moderately severe discomfort, 6 = severe discomfort, 7 =
very severe discomfort.
Q6. During the past week, how often have you felt dissatisfaction because you were unable to eat meals as you intended due to chest and stomach
symptoms?
(Not being able to eat as you intended refers to the inability to eat the sufficient amount of food you want to eat at an uninhibited, natural pace)
Q7. During the past week, how often have you felt dissatisfaction due to impaired sleep caused by chest and stomach symptoms?
Q8. During the past week, how often have you felt dissatisfaction due to impairment of your work, housework, or other daily activities caused by chest
and stomach symptoms?
Q9. During the past week, how often have you felt dissatisfaction because you were in a bad mood due to chest and stomach symptoms?
Response scale for Q.6-9:
1 = not at all, 2 = slightly, 3 = moderately, 4 = quite a lot, 5 = extremely.
Q10. During the past week, how often have you wanted another drug in addition to the drug your doctor prescribed because of intense symptoms of
heartburn and acid regurgitation?
1 = not at all, 2 = on 1 d, 3 = on 2 to 3 d, 4 = on 4 to 5 d, 5 = always.
Q11. During the past week, how have you felt about symptoms of heartburn and acid regurgitation as compared with the symptom severity before
current treatment?
1 = extremely improved, 2 = improved, 3 = slightly improved, 4 = not changed, 5 = aggravated.
Q12. If 10 corresponds to your symptoms before current treatment and 0 is "symptom-free", what number corresponds to symptoms of heartburn and
acid regurgitation during the past week? Please circle the applicable score below:
0 ………….. 1 ………….. 2 ………..... 3 ………..... 4….…….... 5 ………..... 6 ….……... 7 …..……... 8 ….…….... 9 ………..... 10
|
|
SymptomSymptoms
free
before current treatment
Q13. What proportion of the proton pump inhibitor prescribed to you did you take as instructed?
1 = took drug as instructed, 2 = generally took drug as instructed (took at least three-quarters of the drug prescribed), 3 = sometimes forgot (took at least
half but less than three-quarters of the drug prescribed, 4 = took little (took less than half of the drug prescribed), 5 = did not take any.
Before therapy, questions about treatment efficacy and adherence (Q10–Q13) were excluded. The following scores were defined: Score of GERD symptom
subscale (GERD-SS) = (Q1 + Q2)/2; Score of Epigastric pain/burning symptom (EPS-Sx) = Q3; Score of Postprandial distress symptom subscale (PDSSS) = (Q4 + Q5)/2; Score of FD symptom subscale (FD-SS) = [Q3 + (Q4 + Q5)/2]/2; Score of dissatisfaction with daily life subscale (DS-SS) = (Q6 + Q7 +
Q8 + Q9)/4; Residual symptom rate (%) = 100 × (GERD-SS score at 4 wk-1)/(GERD-SS score at 0 wk-1). GERD: Gastroesophageal reflux and dyspepsiatherapeutic efficacy; FD: Functional dyspepsia.

and mood (Q9).

medication; Q1-Q11 and Q13 use a Likert scale; Q12
uses an numeric rating scale (NRS) (Table 1).
The SF-8 is a generic questionnaire used to in
vestigate health status and is composed of a physical
component summary (PCS) and a mental component
[20]
summary (MCS) . These scores are normalized to
the general population, with higher scores indicating
better physical and mental QOL, with a normative
score of 50 and a SD of 10.

Outcome measures

To assess the therapeutic response to PPI in patients
with GERD, three outcome measures were used,
as follows: (1) Residual symptom rate of GERD-SS,
which was calculated as 100 (%) × (GERD-SS score
at 4 wk-1)/(GERD-SS score 0 wk-1), and therefore
was 100% when GERD-SS score at 4 wk equaled
that at 0 wk, and was 0% when the patient had no
symptoms (a score of 1) at 4 wk. A higher residual
symptom rate thus reflects a poorer response; (2)
Patient’s impression of therapy, which was the score
for Q11 of GERD-TEST (i.e., the score of impression
of improvement in GERD symptoms as compared
with the severity before taking current prescription, 1
for extremely improved, 2 for improved, 3 for slightly
improved, 4 for not changed and 5 for aggravated);
and (3) Relative GERD symptom intensity quantified

Definitions of subscale scores in GERD-TEST

The GERD-SS was defined as the mean of scores for
heartburn (Q1) and regurgitation (Q2). The FD-SS
was defined as the mean of scores for epigastric pain/
burning (Q3) and postprandial distress symptoms (the
mean of scores for postprandial fullness [Q4] and early
satiation [Q5]). The dissatisfaction with daily life (DS)SS defined as the mean of scores for dissatisfaction
with eating (Q6), sleeping (Q7), daily activities (Q8)
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using an 11-point (i.e., 0 for no symptoms to 10 for
symptoms before taking current prescription).

effect sizes were ≥ 0.1 small, ≥ 0.3 medium, and ≥
0.5 large in standardization coefficient of regression
[β ]; ≥ 0.02 small, ≥ 0.13 medium, and ≥ 0.26 large
2
in coefficient of determination [R ].

Responder definition

The responder definition for each outcome measure
was defined as follows, (1) residual symptom rate ≤
50%; (2) patient’s impression of improved or better;
and (3) NRS ≤ 5, respectively.

RESULTS
Patient characteristics

A total of 290 patients were eligible at baseline; 178
(61%) were men, the mean age was 57.5 ± 13.9
years, and the mean body mass index (BMI) was 24.0
2
± 3.9 kg/m . A diagnosis of erosive reflux disease
(ERD) was made in 183 (63%) of the cases, while a
diagnosis of nonerosive reflux disease (NERD) was
made in 107 (37%) cases based on the results of an
upper gastrointestinal endoscopy. Of these patients,
198 completed 4 wk of PPI therapy and were eligible
for inclusion in the analysis; 126 (64%) of these
patients were men, the mean age was 57.9 ± 13.1
2
years, and the mean BMI was 24.2 ± 4.1 kg/m . A
diagnosis of ERD was made in 134 (68%) of the cases,
and a diagnosis of NERD was made in 64 (32%) of the
cases based on the results of an upper gastrointestinal
endoscopy (Table 2).

Statistical analysis

Data analysis was undertaken using JMP10.0.2
software (SAS Institute Inc., Cary, NC, United States).
All statistical tests were performed using a two-sided
test with a significance level of 0.05.

Reliability

Cronbach’s α is a coefficient of internal consistency
that is commonly used as an estimate of the reliability
of a psychometric test. Consequently, the Cronbach’s
α values were calculated from pairwise correlations
between items to verify the internal consistency of the
items in each subscale.

Convergent validity

Correlations between the scores for symptoms or
dissatisfaction with daily life (DS) items/subscales and
the PCS or MCS of the SF-8, as well as correlations
between the scores for symptoms and DS items/
subscales, were calculated in terms of the Pearson
correlation coefficient (r), where values of r ≥ 0.100,
≥ 0.300, and ≥ 0.500 were considered to be small,
[26]
medium, and large effects, respectively .

Diagnostic accuracy of the GERD-TEST

Of the 290 symptomatic GERD patients who were
recruited according to the Montreal definition, 246
(85%) were identified as GERD patients based on
the results of the GERD-TEST (i.e., the score for Q1
[heartburn] and/or Q2 [regurgitation] was ≥ 3).

Reliability

The internal consistency of the items in each of the
three subscales (GERD-SS, FD-SS and DS-SS) was
acceptable, as shown by the Cronbach’s α values (which
ranged from 0.75 to 0.82) (Table 3).

Responsiveness and discriminate validity

The symptom and dissatisfaction scores obtained
before and after therapy were compared using a paired
t-test, and the symptom and DS scores at baseline
and after 4 wk of PPI therapy and the changes in the
scores before and after 4 wk of PPI therapy between
responders and non-responders according to three
different responder definitions were compared using
unpaired t-tests. The effect sizes (Cohen’s d) were
then calculated, where Cohen’s d values of ≥ 0.20,
≥ 0.50, and ≥ 0.80 were considered to be small,
[26]
medium, and large effects, respectively .

Convergent validity

The Pearson’s r for comparisons of the GERD-TEST
with the SF-8 were used to assess convergent validity.
There was a significant negative correlation between
each of the GERD-TEST items/subscales and the PCS
or MCS of the SF-8 [Pearson’s r = (-0.19)-(-0.55)]
(Table 4). In addition, a significant positive correlation
was seen between each of the symptom items/
subscales and the DS items/subscale of the GERDTEST (Pearson’s r = 0.32-0.72) (Table 4).

Specificity for differentiating between GERD and FD
symptoms

To identify the types of symptoms that showed a
response when therapeutic efficacy was assessed
by the patients, multiple regression analyses were
performed using the changes in scores for both the
GERD-SS and the FD-SS before and after 4 wk of
PPI therapy as explanatory variables; the outcome
measures of the therapeutic response at 4 wk (i.e.,
the patient’s impression of the therapy [Q11] and the
relative symptom intensity according to a NRS [Q12])
were used as objective variables. Interpretation of
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Therapeutic efficacy in GERD patients after 4 wk of PPI
therapy

The GERD-TEST scores at baseline and after 4 wk
of PPI therapy are shown in Figure 1. The distances
between the lines on the graph show the score changes
after treatment. The rates of responders after 4 wk
of PPI therapy according to three different responder
definitions were 79% for the “residual symptom rate
≤ 50%” definition (Figure 2), 79% for the “patient’s
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4

Table 2 Patients' characteristics n (%)
At baseline (n = 290)

Before Tx
After Tx

3

Accomplished 4W
PPI Tx (n = 198)

57.5 ± 13.9

57.9 ± 13.1

2

178 (61)
112 (39)
24.0 ± 3.9

126 (64)
72 (36)
24.2 ± 4.1

1

107 (37)
62 (21)
45 (16)
183 (63)
94 (32)
60 (21)
21 (7)
8 (3)

64 (32)
38 (19)
26 (13)
134 (68)
66 (33)
47 (24)
14 (7)
7 (4)

Cronbach's α
0.78

0.75

Q
5.
FD
-S
S
Q
6.
Q
7.
Q
8.
Q
9
DS .
-S
S

Concurrent validity

The concurrent validity of the GERD-TEST was evaluated
by comparing the changes in the GERD-TEST scores of
the treatment responders and those of the treatment
non-responders according to three different responder
definitions. The treatment responders demonstrated
a statistically significant greater change in their scores
than the treatment non-responders for all the GERD
symptom items/subscale and for most of the FD and
DS items/subscales (Tables 6-8).

0.82

GERD: Gastroesophageal reflux and dyspepsia-therapeutic efficacy; FD:
Functional dyspepsia.

Specificity for differentiating between GERD and FD
symptoms

impression of improved or better” definition (Figure
3), and 90% for the “NRS ≤ 5” definition (Figure 4),
respectively.
The GERD-TEST scores at baseline and after 4
wk of PPI therapy in responders and non-responders
according to three different responder definitions
are shown in Figures 5-7. The distance between the
graph lines for baseline and after 4 wk of PPI therapy
for both responders and non-responders show the
score changes arising from treatment in the respective
groups. The distances between the graph lines (i.e.,
the score changes arising from treatment) were
greater for responders than for non-responders as
well as for GERD symptom items/subscales, compared
with those for FD symptoms or DS (Figures 1, 5-7 and
Tables 5-8).

The results of a multiple regression analysis revealed
that the GERD-SS score changes had larger β values
than the FD-SS score changes for Q11 (0.371 vs 0.037)
and Q12 (0.411 vs -0.092), reflecting the response
to therapy and indicating that GERD symptoms can
be well differentiated from FD symptoms in GERD
patients.

DISCUSSION
Approximately 85% of reports from GERD patients
recruited under the Montreal definition were diagnosed
as having GERD based on the results of the GERDTEST, providing evidence in support of the diagnostic
usefulness of the GERD-TEST. The Cronbach’s α for
GERD-SS, FD-SS, and DS-SS in the GERD-TEST
ranged from 0.75 to 0.82, indicating a superior internal
consistency and high reliability. Significant correlations

Responsiveness

The responsiveness to PPI therapy was evaluated
by comparing the scores for each GERD-TEST item/
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Q
4.

subscale between baseline and after 4 wk of PPI
therapy. Significant differences were observed for
all the GERD-TEST item/subscale scores between
baseline and after 4 wk of PPI therapy, and the effect
sizes, as determined using Cohen’s d, were substantial
(i.e., 1.29-1.63 for GERD symptoms, 0.42-1.11 for FD
symptoms, and 0.61-1.05 for dissatisfaction) (Table 5).

Table 3 Internal consistency of each subscale for the
gastroesophageal reflux and dyspepsia-therapeutic efficacy and
satisfaction test (n = 290)

GERD-SS
Heartburn
Acid regurgitation
FD-SS
Epigastric pain/burning
Postprandial fullness
Early satiation
Dissatisfaction for daily life SS
Dissatisfaction for eating
Dissatisfaction for sleeping
Dissatisfaction for daily activity
Dissatisfaction for the mood

Q
3.

Figure 1 Changes in the gastroesophageal reflux and dyspepsiatherapeutic efficacy and satisfaction test scores at baseline and after 4
wk of proton pump inhibitor therapy. Q1: Heartburn; Q2: Regurgitation; Q3:
Epigastric pain/burning; Q4: Postprandial fullness; Q5: Early satiation; Q6:
Dissatisfaction with eating; Q7: Dissatisfaction with sleeping; Q8: Dissatisfaction
with daily activity; Q9: Dissatisfaction with mood. DS-SS: Dissatisfaction with
daily life subscale.

NERD: Nonerosive reflux disease; ERD: Erosive reflux disease; PPI: Proton
pump inhibitor.

Subscales

GE Q2
RD .
-S
S

0

Q
1.

Age (mean ± SD, yr)
Sex
Male
Female
BMI (mean ± SD, kg/m2)
Endoscopic findings
NERD
Grade N
Grade M
ERD
Grade A
Grade B
Grade C
Grade D
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Responder 79%

Non-responder 21%

Residual Sx 50% ≥
0%

20%

Residual Sx 50% <

40%

60%

80%

100%

Figure 2 Rate of responders based on a “residual symptom rate ≤ 50%” definition after 4 wk of proton pump inhibitor therapy.
Responder 79%

Extremely improved
0%

10%

Improved

20%

30%

Non-responder 21%

Slightly improved

40%

50%

Not changed

60%

70%

Aggravated

80%

90%

100%

Figure 3 Distribution of patient’s impressions of therapy (Q11) and the rate of responders based on a “patient’s impression of improved or better”
definition after 4 wk of proton pump inhibitor therapy.
Responder 90%

NRS 0

NRS 1

NRS 6
0%

10%

NRS 2

NRS 7
20%

Non-responder 10%

NRS 3

NRS 8

30%

40%

NRS 9
50%

60%

NRS 4

NRS 5

NRS 10
70%

80%

90%

100%

Figure 4 Distribution of numeric rating scale scores (Q12) and the rate of responders based on a “numeric rating scale ≤ 5” definition after 4 wk of proton
pump inhibitor therapy.
4

MCS of the SF-8, demonstrating a good convergent
validity. Both GERD and FD symptoms were seen to
have a clear and consistently negative impact on the
daily lives of patients, and this impact increased with
increasing symptom severity (Table 4). There was a
significant and marked reduction in GERD symptoms in
response to the 4-wk PPI therapy. Improvements in FD
symptoms and daily living status were also significant,
though to a lesser extent than the amelioration of
GERD symptoms. Thus, the responsiveness of the
GERD-TEST to these improvements was gratifying. A
comparison between responders and non-responders
according to three definitions of responders (a residual
symptom rate ≤ 50%, a patient’s impression that
was “improved” or better, and an NRS score ≤ 5)
revealed significant and substantial differences in
GERD symptoms between these two groups, thereby
indicating that the GERD-TEST has a satisfactory
concurrent validity.
The GERD-TEST enabled a multifaceted evaluation
not only of the severity of symptoms, but also of the
impact of the symptoms on daily life, the therapeutic

Res. [before Tx]
Non-res. [before Tx]
Res. [after Tx]
Non-res. [after Tx]

3
2
1

9
DS .
-S
S

8.

Q

7.

Q

S

6.

Q

Q

5.

-S

FD

4.

Q

3.

Q

Q

2.
-S
S
RD

GE

Q

Q

1.

0

Figure 5 Changes in the gastroesophageal reflux and dyspepsiatherapeutic efficacy and satisfaction test scores of responders and nonresponders based on a “residual symptom rate ≤ 50%” definition at
baseline and after 4 wk of proton pump inhibitor therapy. Q1: Heartburn;
Q2: Regurgitation; Q3: Epigastric pain/burning; Q4: Postprandial fullness;
Q5: Early satiation; Q6: Dissatisfaction with eating; Q7: Dissatisfaction with
sleeping; Q8: Dissatisfaction with daily activity; Q9: Dissatisfaction with mood.
DS-SS: Dissatisfaction with daily life subscale.

were observed between symptom or living status
items/subscales of the GERD-TEST and the PCS or
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-0.267
-0.214
-0.266
-0.311
-0.173
-0.222
-0.305
-0.307
-0.216
-0.356
-0.307
-0.370
Effect size
r

PCS

< 0.0001
0.0003
< 0.0001
< 0.0001
0.0037
0.0002
< 0.0001
< 0.0001
0.0003
< 0.0001
< 0.0001
< 0.0001
Small
0.1 ≤

P value
-0.236
-0.193
-0.238
-0.327
-0.402
-0.354
-0.424
-0.378
-0.407
-0.494
-0.496
-0.553
Medium
0.3 ≤

r

MCS
< 0.0001
0.0012
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
Large
0.5 ≤

P value
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

P value

Q6. Eating
0.331
0.379
0.393
0.452
0.554
0.716
0.658

r
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

P value

Q7. Sleeping
0.420
0.406
0.457
0.445
0.317
0.336
0.468

r
0.479
0.458
0.517
0.483
0.448
0.440
0.560

r
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

P value

Q8. Daily activity
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

P value

Q9. Mood
0.560
0.498
0.585
0.520
0.510
0.463
0.611

r

r
0.558
0.553
0.614
0.595
0.568
0.606
0.716

P value
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

response as assessed by the patient. The GERD-TEST is expected to be a useful diagnostic/treatment tool for both clinical research and in daily clinical practice settings,
since it consists of relatively few items and subscales that are readily understandable and enable the detection of concurrent FD symptoms.
[7-11]
Symptoms of FD are often seen in patients with GERD
. The present study results showed that concurrent FD symptoms were noted in as many as 76% of
[7-11]
the patients with GERD who met the Montreal definitions, and this finding is consistent with previous reports
. Symptoms of GERD are generally known to affect
[5,6]
[13-15]
various aspects of daily living , and symptoms of FD have similarly been reported to interfere with the daily living status of patients
, resulting in a reduction in
QOL. In the present study, the results of a correlation analysis revealed that both GERD and FD symptoms impair the daily life of patients, affecting eating, sleeping,
[5,6,13-15]
daily activity and mood (Table 4); these results support those reported by others
. Even if a patient presents with a chief complaint of GERD symptoms at the
time of their first visit, the possibility that the patient’s QOL might be lowered because of concurrent FD and GERD symptoms still exists. Therefore, cases should be
carefully selected by observing both FD symptoms and GERD symptoms, and appropriate treatment aimed at treating the former condition should also be administered
simultaneously.
Inasmuch as it is often difficult to identify concurrent FD symptoms in patients with GERD, the use of an appropriate PRO might enable such symptoms to not be
[7-11]
overlooked, allowing appropriate treatment to proceed. Based on the assumption that GERD and FD are diseases with a spectrum of overlapping symptoms
, the
GERD-TEST may allow clinicians to use only one PRO instrument to measure health-related QOL outcomes in patients with GERD, FD, or overlapping symptoms of both
conditions.
The use of an appropriate PRO tool for which both reliability and validity have been verified is recommended to ensure evidence-based evaluations of the usefulness
[16]
of a treatment for disorders such as GERD and FD, where the treatment is primarily aimed at symptomatic improvement . Many PRO tools have been developed and
[18,20]
applied in various clinical trials as well as in daily clinical practice settings for the diagnosis of GERD and for evaluating therapeutic responses
. The practical use
and dissemination of PRO as a diagnostic and evaluation tool is anticipated; however, most PROs are lengthy and complicated, and a simple and effective PRO was
previously unavailable. The GERD-TEST was developed for this reason.
The goal of treatment for NERD, FD and IBS lies in improving symptoms and signs characteristic of each of these disorders and thereby lessening a patient’s sense

GERD-TEST: Gastroesophageal reflux and dyspepsia-therapeutic efficacy and satisfaction test; PCS: Physical component summary; MCS: Mental component summary; FD: Functional dyspepsia.

Q1. Heartburn
Q2. Acid regurgitation
GERD-SS
Q3. Epigastric pain or burning
Q4. Postprandial fullness
Q5. Early satiation
FD-SS
Q6. Eating
Q7. Sleeping
Q8. Daily activity
Q9. Mood
Dissatisfaction for daily life-SS

r

Table 4 Pearson's r value of gastroesophageal reflux and dyspepsia therapeutic efficacy and satisfaction test scores with physical component summary and mental component summary of SF-8 and
symptom scores with DS (before treatment; n = 290)
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Table 5 Comparison of gastroesophageal reflux and dyspepsia-therapeutic efficacy and satisfaction test scores before and after 4 wk
of proton pump inhibitor treatment (n = 198)
Before Tx
Q1. Heartburn
Q2. Acid regurgitation
GERD-SS
Q3. Epigastric pain or burning
Q4. Postprandial fullness
Q5. Early satiation
FD-SS
Q6. Eating
Q7. Sleeping
Q8. Daily activity
Q9. Mood
Dissatisfaction for daily life-SS

After 4 wk PPI Tx

mean

SD

mean

SD

3.64
3.17
3.40
3.11
3.05
2.25
2.88
1.97
2.14
1.98
2.55
2.15
Effect size
Cohen's d
r

1.31
1.37
1.20
1.40
1.34
1.34
1.13
1.07
1.07
1.00
1.06
0.84
Small
0.2 ≤
0.1 ≤

1.77
1.66
1.71
1.75
1.95
1.76
1.80
1.41
1.29
1.33
1.57
1.40
Medium
0.5 ≤
0.3 ≤

0.97
0.95
0.91
1.02
1.06
0.91
0.85
0.74
0.63
0.67
0.80
0.59
Large
0.8 ≤
0.5 ≤

Cohen's d

P value

1.63
1.29
1.59
1.11
0.91
0.42
1.08
0.61
0.97
0.76
1.05
1.04

< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

GERD-TEST: Gastroesophageal reflux and dyspepsia-therapeutic efficacy and satisfaction test; PPI: Proton pump inhibitor; FD: Functional dyspepsia.

4

9
DS .
-S
S

8.

Q

7.

Q

S

6.
Q

-S

5.

FD

4.

Q

S

3.

Q

Q

-S

GE

Q

1.

Q
9
DS .
-S
S

8.

7.

Q

S

6.

Q

Q

-S

FD

Q

Q

Q

-S

RD

GE

Q

Q

5.

0

4.

0

3.

1

S

1

2.

2

1.

2

2.

3

RD

3

Res. [before Tx]
Non-res. [before Tx]
Res. [after Tx]
Non-res. [after Tx]

Q

Res. [before Tx]
Non-res. [before Tx]
Res. [after Tx]
Non-res. [after Tx]

Q

4

Figure 6 Changes in the gastroesophageal reflux and dyspepsiatherapeutic efficacy and satisfaction test scores of responders and nonresponders based on a “patient’s impression of improved or better”
definition at baseline and after 4 wk of proton pump inhibitor therapy. Q1:
Heartburn; Q2: Regurgitation; Q3: Epigastric pain/burning; Q4: Postprandial
fullness; Q5; Early satiation; Q6: Dissatisfaction with eating; Q7: Dissatisfaction
with sleeping; Q8: Dissatisfaction with daily activity; Q9: Dissatisfaction with
mood. DS-SS: Dissatisfaction with daily life subscale.

Figure 7 Changes in the gastroesophageal reflux and dyspepsiatherapeutic efficacy and satisfaction test scores of responders and nonresponders based on a “numeric rating scale ≤ 5” definition at baseline
and after 4 wk of proton pump inhibitor therapy. Q1: Heartburn; Q2:
Regurgitation; Q3: Epigastric pain/burning; Q4: Postprandial fullness; Q5: Early
satiation; Q6: Dissatisfaction with eating; Q7: Dissatisfaction with sleeping;
Q8: Dissatisfaction with daily activity; Q9: Dissatisfaction with mood. DS-SS:
Dissatisfaction with daily life subscale.

of burden and impairment of daily living activities. A
variety of sets of criteria have been used to evaluate
responses to pharmacotherapies for those disorders.
Global binary endpoints (a method in which an
alternative response to each question is provided,
i.e., whether an adequate or satisfactory relief of
symptoms has or has not been obtained) and a
“residual symptom rate ≤ 50%” have both exhibited
an intense convergent validity and are capable of
[27]
detecting clinically significant but minimal changes ;
[19,28-30]
therefore, these variables are recommended
.
A NRS, which is mainly used to evaluate therapeutic
[31]
responses in patients with chronic pain , has been
proposed by the FDA as a provisional scale for
evaluating abdominal pain in patients with irritable
[32]
bowel syndrome . An NRS has been recognized as
having “higher compliance rates, better responsiveness
and ease of use, and good applicability relative to a

visual analogue scale”.
For evaluating the burden by the symptoms as well
as the response to the therapy, the GERD-TEST can
be applied using three definitions: i.e., a 7-point Likert
scale for individual symptoms, the patient’s impression
of the therapy (which corresponds to the OTE), and
the NRS (as recommended by various reports and
guidelines), and interestingly, the global assessments
of the GERD symptoms using patient’s impression of
the therapy (Q11) and NRS (Q12) well differentiated
from those of FD symptoms (Table 9). Therefore,
evaluations of patient burden arising from various
symptoms and of the comprehensive therapeutic
response using this tool are thought to be appropriate.
Of the plurality of therapeutic response evaluation
definitions currently available, none have been
shown to be optimal for the evaluation of therapeutic
responses during the management of GERD. It is thus
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Before Tx
Non-responder
(n = 41)
mean
SD
3.34
1.09
2.85
1.37
3.10
0.99
3.27
1.18
3.15
1.15
2.28
1.20
2.98
0.94
2.07
1.15
2.05
1.05
1.98
0.89
2.46
0.98
2.11
0.84
Medium Large
0.5 ≤
0.8 ≤

P value

0.025
0.060
0.014
0.509
0.636
0.950
0.622
0.550
0.514
0.909
0.433
0.650

Cohen's d

0.36
0.34
0.39
-

Responder
(n = 153)
mean
SD
1.45
0.61
1.37
0.57
1.41
0.53
1.51
0.84
1.79
0.96
1.66
0.85
1.62
0.74
1.34
0.69
1.18
0.49
1.24
0.6
1.43
0.74
1.30
0.52

After 4 wk PPI Tx
Non-responder
Cohen's d
(n = 41)
mean
SD
3.05
1.07
2.21
2.78
1.24
1.86
2.91
1.08
2.21
2.73
1.10
1.36
2.61
1.18
0.81
2.17
1.05
0.57
2.56
0.85
1.24
1.68
0.88
0.47
1.66
0.88
0.80
1.68
0.82
0.68
2.10
0.83
0.88
1.78
0.69
0.86
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
0.004
< 0.0001
0.023
0.001
0.001
< 0.0001
< 0.0001

P value
Responder
(n = 153)
mean
SD
-2.34
1.24
-1.93
1.25
-2.14
1.11
-1.61
1.41
-1.25
1.32
-0.60
1.13
-1.27
1.06
-0.61
0.88
-0.99
1.02
-0.75
1.05
-1.17
1.06
-0.88
0.77

Δ (0W-4W)
Non-responder
(n = 41)
mean
SD
-0.29
0.87
-0.07
1.17
-0.18
0.71
-0.54
1.03
-0.54
1.16
-0.10
0.90
-0.42
0.82
-0.39
1.02
-0.39
0.86
-0.30
0.85
-0.37
0.80
-0.36
0.64
1.76
1.51
1.89
0.81
0.56
0.46
0.84
0.25
0.61
0.45
0.80
0.71

Cohen's d

< 0.0001
< 0.0001
< 0.0001
< 0.0001
0.001
0.003
< 0.0001
0.206
0.000
0.005
< 0.0001
< 0.0001

P value
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This study was conducted by the GERD Society and registered to UMIN-CTR #000006614. Financial support for this clinical study was provided by GERD Society (Osaka,
Japan). This study was completed by 29 institutions in Japan. The results of this study were presented at the Digestive Disease Week 2017, Chicago, United States.
The authors thank all physicians who participated in this study and the patients whose cooperation made this study possible. The contributor of each institution is listed
below.
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considered preferable to report data obtained and analyzed using two or more therapeutic response evaluation definitions, rather than any single definition.
The limitations of this study were, firstly, the clinical responses in terms of the GERD symptoms can be evaluated using three definitions in the GERD-TEST; these
definitions were formulated chiefly for the diagnosis and treatment of GERD. Concurrent FD symptoms, however, can only be evaluated using a residual symptom
rate. The GERD-TEST should be modified to include the patient’s impression and NRS items for FD symptom, similar to the GERD symptom evaluations, to make this
definition even more useful for the diagnosis and treatment of FD. Secondly, it is generally recognized that patients with GERD or FD present with diverse symptoms.
Among patients with GERD, non-typical symptoms such as esophageal symptoms (e.g., chest pain) and extraesophageal symptoms (e.g., chronic cough, chronic
[1]
laryngitis, asthma or dental erosion are often seen. Symptoms such as bloating, belching or nausea develop among patients with FD. Clinical evaluation using the
GERD-TEST is focused primarily on the cardinal symptoms of GERD and FD, and the evaluation does not cover patient burden from other symptoms or the impacts of
such symptoms on daily life. Further investigation and clarification of these matters is also needed.
In conclusion, the psychometric characteristics of the GERD-TEST were excellent, demonstrating good validity and reliability. The GERD-TEST is simple and easy to
perform and is a multifaceted PRO instrument that appears to be useful for evaluating disease-specific health-related QOL in GERD patients in both clinical trial and
primary care settings.

GERD-TEST: Gastroesophageal reflux and dyspepsia-therapeutic efficacy and satisfaction test; PPI: Proton pump inhibitor.

Responder
(n = 153)
Residual Sx 50% ≥
mean
SD
Q1. Heartburn
3.79
1.29
Q2. Acid regurgitation
3.31
1.32
GERD-SS
3.55
1.19
Q3. Epigastric pain or burning
3.12
1.42
Q4. Postprandial fullness
3.05
1.39
Q5. Early satiation
2.26
1.38
FD-SS
2.89
1.17
Q6. Eating
1.95
1.05
Q7. Sleeping
2.17
1.08
Q8. Daily activity
1.99
1.03
Q9. Mood
2.60
1.07
Dissatisfaction for daily life-SS
2.18
0.83
Effect size Small
Cohen's d 0.2 ≤

Responder definition by

Table 6 Comparison of the gastroesophageal reflux and dyspepsia-therapeutic efficacy and satisfaction test scores between responders and non-responders based on a "residual symptom rate ≤
50%" definition
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Before Tx
Non-responder
(n = 39)
mean
SD
3.41
1.25
2.69
1.20
3.05
1.01
2.92
1.31
3.13
1.22
2.33
1.24
2.83
0.97
1.90
1.07
2.21
1.08
1.97
0.97
2.51
1.05
2.12
0.84
Medium Large
0.5 ≤
0.8 ≤

P value

0.169
0.007
0.017
0.306
0.691
0.662
0.697
0.641
0.646
0.968
0.771
0.768

Cohen's d

0.45
0.39
-

Responder
(n = 155)
mean
SD
1.62
0.88
1.55
0.86
1.59
0.83
1.65
0.98
1.88
1.07
1.67
0.88
1.71
0.84
1.35
0.70
1.23
0.58
1.26
0.63
1.50
0.8
1.33
0.57

After 4 wk PPI Tx
Non-responder
Cohen's d
(n = 39)
mean
SD
2.38
1.14
0.82
2.05
1.19
0.53
2.22
1.08
0.71
2.15
1.16
0.50
2.26
1.04
0.36
2.13
0.98
0.51
2.17
0.83
0.55
1.67
0.87
0.43
1.56
0.79
0.55
1.67
0.74
0.63
1.87
0.77
0.47
1.69
0.63
0.62
0.000
0.015
0.001
0.014
0.045
0.008
0.002
0.036
0.013
0.002
0.007
0.001

P value
Responder
(n = 155)
mean
SD
-2.10
1.42
-1.74
1.39
-1.92
1.29
-1.52
1.45
-1.16
1.33
-0.56
1.13
-1.19
1.10
-0.64
0.89
-0.89
1.04
-0.72
1.02
-1.07
1.06
-0.83
0.77

Δ (0W-4W)
Non-responder
(n = 39)
mean
SD
-1.03
1.25
-0.64
1.44
-0.83
1.10
-0.77
1.11
-0.87
1.28
-0.21
0.95
-0.65
0.86
-0.23
0.90
-0.64
0.93
-0.32
0.96
-0.64
1.01
-0.45
0.68
0.78
0.79
0.87
0.54
0.22
0.33
0.51
0.46
0.25
0.41
0.41
0.50

Cohen's d

< 0.0001
< 0.0001
< 0.0001
0.001
0.212
0.044
0.001
0.013
0.146
0.021
0.020
0.003

P value
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Before Tx
Non-responder
(n = 19)
mean
SD
3.11
0.99
2.95
1.22
3.03
1.02
3.11
1.41
3.00
1.25
2.32
1.29
2.88
1.02
1.89
0.99
2.21
1.08
2.00
0.94
2.42
0.84
2.13
0.84
Medium Large
0.5 ≤
0.8 ≤
Cohen's d
0.45
0.022
0.423
0.106
0.940
0.896
0.753
0.899
0.841
0.679
0.881
0.534
0.989

P value

Responder
(n = 176)
mean
SD
1.69
0.89
1.56
0.84
1.62
0.81
1.66
0.95
1.90
1.05
1.69
0.89
1.73
0.82
1.35
0.69
1.23
0.55
1.26
0.59
1.51
0.78
1.34
0.53

GERD-TEST: Gastroesophageal reflux and dyspepsia-therapeutic efficacy and satisfaction test; PPI: Proton pump inhibitor.

Responder
(n = 176)
NRS 5 ≥
mean
SD
Q1. Heartburn
3.68
1.32
Q2. Acid regurgitation
3.19
1.37
GERD-SS
3.43
1.21
Q3. Epigastric pain or burning
3.08
1.38
Q4. Postprandial fullness
3.04
1.35
Q5. Early satiation
2.22
1.33
FD-SS
2.85
1.13
Q6. Eating
1.94
1.05
Q7. Sleeping
2.10
1.05
Q8. Daily activity
1.97
1.01
Q9. Mood
2.55
1.08
Dissatisfaction for daily life-SS
2.13
0.83
Effect size Small
Cohen's d
0.2 ≤

Responder definition by

After 4 wk PPI Tx
Non-responder
(n = 19)
mean
SD
Cohen's d
2.37
1.30
0.73
2.32
1.16
0.87
2.34
1.21
0.85
2.37
1.21
0.73
2.42
1.12
0.50
2.26
0.93
0.64
2.36
0.82
0.77
1.63
0.68
0.40
1.84
1.01
1.02
1.95
0.91
1.10
2.05
0.85
0.70
1.87
0.77
0.95

0.027
0.006
0.012
0.014
0.053
0.012
0.002
0.095
0.010
0.001
0.008
0.004

P value

Responder
(n = 176)
mean
SD
-1.99
1.42
-1.63
1.39
-1.81
1.27
-1.42
1.40
-1.14
1.32
-0.53
1.06
-1.13
1.08
-0.59
0.92
-0.88
1.00
-0.71
1.04
-1.05
1.08
-0.81
0.78

Δ (0W-4W)
Non-responder
(n = 19)
mean
SD
-0.74
1.15
-0.63
0.83
-0.68
0.87
-0.74
1.37
-0.58
1.17
-0.05
1.03
-0.53
0.83
-0.26
0.81
-0.37
0.90
-0.05
0.40
-0.37
0.50
-0.26
0.43

Cohen's d
0.90
0.75
0.91
0.49
0.43
0.45
0.57
0.36
0.51
0.67
0.65
0.73

P value
< 0.0001
< 0.0001
< 0.0001
0.040
0.051
0.058
0.004
0.101
0.022
< 0.0001
< 0.0001
< 0.0001

Table 8 Comparison of gastroesophageal reflux and dyspepsia-therapeutic efficacy and satisfaction test scores between responders and non-responders based on a "numeric rating scale ≤ 5"
definition

GERD-TEST: Gastroesophageal reflux and dyspepsia-therapeutic efficacy and satisfaction test; PPI: Proton pump inhibitor.

Responder
(n = 155)
Patients' impression improved ≤
mean
SD
Q1. Heartburn
3.72
1.31
Q2. Acid regurgitation
3.30
1.39
GERD-SS
3.51
1.23
Q3. Epigastric pain or burning
3.17
1.42
Q4. Postprandial fullness
3.04
1.39
Q5. Early satiation
2.23
1.38
FD-SS
2.90
1.17
Q6. Eating
1.99
1.08
Q7. Sleeping
2.12
1.08
Q8. Daily activity
1.98
1.01
Q9. Mood
2.57
1.07
Dissatisfaction for daily life-SS
2.16
0.84
Effect size Small
Cohen's d 0.2 ≤

Responder definition by

Table 7 Comparison of gastroesophageal reflux and dyspepsia-therapeutic efficacy and satisfaction test scores between responders and non-responders based on a "patient's impression of
improved or better" definition
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years. The Food and Drug Administration guidance recommends the use of
valid and appropriate PRO for each disease.

Table 9 Type of symptoms responding to the therapeutic
efficacy as assessed by the patients (Multivariate analysis)
Q11. Patient's
impression
ΔGERD-SS (0-4 wk)
ΔFD-SS (0-4 wk)
R2 (P value)

β

P value

β

P value

0.371
0.037
0.155
Effect size

< 0.0001
0.6541
< 0.0001
Small
0.1 ≤
0.02 ≤

0.411
-0.092
0.133
Medium
0.3 ≤
0.13 ≤

< 0.0001
0.2656
< 0.0001
Large
0.5 ≤
0.26 ≤

β
R2

Innovations and breakthroughs

Q12. Numeric rating
scale

Most of the previously developed PROs for GERD were lengthy and
complicated, and even not well validated. The lack of a simple, easy to
understand instrument for GERD patients encouraged the development of the
gastroesophageal reflux and dyspepsia therapeutic efficacy and satisfaction
test (GERD-TEST). The GERD-TEST minimized the number of items and
enabled a multifaceted evaluation not only of the severity of symptoms, but also
of the impact of the symptoms on daily life and of the therapeutic response as
assessed by the patient. The psychometric characteristics of the GERD-TEST
were excellent, demonstrating good validity and reliability.

Applications

Nobuyuki Matsuhashi, NTT Medical Center Tokyo;
Mineo Kudo, Sapporo Hokuyu Hospital; Norimasa
Yoshida and Takahiro Suzuki, Japanese Red Cross
Kyoto Daiichi Hospital; Kazunari Murakami and Seiji
Shiota, Oita University Faculty of Medicine; Mototsugu
Kato and Katsuhiro Mabe, Hokkaido University
Hospital; Tsuyoshi Sanuki and Junko Hori, Kita Harima
Medical Center; Noriaki Manabe and Ken Haruma,
Kawasaki Medical School; Yuji Naito and Osamu
Handa, Kyoto Prefectural University of Medicine; Syuuji
Inoue, National Hospital Organization Kochi Hospital;
Hirokazu Oyamada and Yutaka Isozaki, Matsushita
Memorial Hospital; Shuichi Muto, Tomakomai City
Hospital; Kenji Furuta and Shunji Ohara, Shimane
University Faculty of Medicine; Tadayuki Oshima and
Hiroto Miwa, Hyogo College of Medicine; Yasuhiro
Fujiwara and Yukie Kohata, Osaka City University
Graduate School of Medicine; Kazuhiro Maeda and
Yuji Sakai, Tenjin Clinic, Medical Corporation Shin-ai;
Yugo Iwaya and Sadahisa Okuhara, Shinshu University
School of Medicine; Takashi Abe and Yongmin Kim,
Takarazuka Municipal Hospital; Hideki Mizuno, Toyama
City Hospital; Kimio Isshi, Isshi Gastro-Intestinal Clinic;
Hiroshi Seno and Tsutomu Chiba, Kyoto University
Hospital; Fukunori Kinjo and Manabu Nakamoto,
University Hospital, University of the Ryukyus; Toshiro
Sugiyama and Haruka Fujinami, University of Toyama;
Keiko Utsumi, Aichi Medical University Medical Clinic;
Hiroyuki Kuwano and Tatsuya Miyazaki, Gunma
University Hospital; Noriko Watanabe, National Hospital
Organization Mie Chuo Medical Center; Fumihiko
Kinekawa and Kita Yuko, Sanuki Municipal Hospital;
Tomonori Imaoka and Hirohumi Fujishiro, Shimane
Prefectural Central Hospital; Takatsugu Yamamoto and
Yasushi Kuyama, Teikyo University School of Medicine;
Yasuaki Nakajima and Kenro Kawada, Tokyo Medical
and Dental University.

This study indicated that the GERD-TEST is a useful tool for the clinical
research in GERD patients. Since the GERD-TEST is simple and easy-tounderstand, which also could applied for daily clinical practice settings.

Terminology

The PRO instrument with proven reliability and validity is useful for the disorders
in which the treatment goal is to ameliorate symptoms. The application of PRO
not only in clinical trials, but also in daily clinical practice settings would enable
greater objectivity in the diagnosis and evaluation of therapeutic responses in
GERD cases and the provision of effective and efficient treatment.

Peer-review

The study is well done and the methodology is strong. The clinical meaning
is also relevant, because the authors have addressed the frequent overlap
between esophageal and dyspepsia symptoms. This investigation merits to be
published.
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Abstract
AIM
To establish a modified B-ultrasound method of
measuring the antral section only to assess gastric
motility in healthy people, and evaluate its application
in guiding enteral nutrition (EN) in critically ill patients.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrolment.
Conflict-of-interest statement: We declare that there are no
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METHODS
First, 30 healthy volunteers were selected. The modified
B-ultrasound method and the traditional B-ultrasound
method were applied to assess gastric function. The
correlation of indices of gastric function between the
two groups was analyzed statistically. In addition, 64
critically ill patients were selected, and the modified
B-ultrasound method and the gastric juice withdrawal
method were applied to guide the implementation of
EN. Daily caloric value, the time required to achieve
complete EN, ICU stay, hospitalization time, and
serum prealbumin and albumin levels were recorded
and compared between the two groups. Kaplan-Meier
survival curve was used to compare the complications
of EN between the two groups.
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RESULTS
In healthy subjects, there was a good correlation among
gastric emptying time, antral contraction frequency and
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[11,12]

antral motility index between the two groups (r = 0.57,
0.61 and 0.54, respectively). The study on critically ill
patients also revealed that a better effect of EN was
achieved in the modified B-ultrasound method group, in
which patients had shorter ICU stay and hospitalization
time and higher levels of serum prealbumin and
albumin. The Kaplan-Meier survival analysis revealed
that the improved B-ultrasound method was associated
with significantly fewer EN complications (P = 0.031).

real-time guidance of EN
. Accurate measurement
of residual gastric volume is very important for sub
sequent EN. On one hand, the gastric tube will be
inserted too shallowly if the measured residual gastric
volume is too small. This will cause the EN rate to be
excessively high, which can cause bloating, reflux,
pneumonia and other complications. On the other
hand, the gastric tube will be inserted too deeply when
the measured residual gastric volume is too large.
This would easily lead to gastric mucosal injury during
operation. Traditional B-ultrasound measurement of
the antral section only requires patients to maintain
the standing position while drinking 500 mL of liquid.
However, critically ill patients often have difficulties
[13,14]
tolerating such position
. Therefore, this study
aimed to improve the traditional B-ultrasound method
by placing patients in the semirecumbent position
to fill the gastric cavity with 300 mL of ultrasound
solution, which is followed by real-time monitoring
of gastrointestinal motility, with an aim to provide
individualized EN programs for critically ill patients.

CONCLUSION
The modified B-ultrasound method can provide a good
real-time assessment of gastric function and has a
better effect than the traditional method in guiding EN
in critically ill patients.
Key words: Gastric emptying; Real-time ultrasound;
Critically ill patients; Enteral nutrition
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In order to provide critically ill patients with
timely postoperative enteral nutrition (EN), a modified
B-ultrasound method for measurement of antral section
only was established. In healthy subjects, there was a
good correlation among gastric emptying time, antral
contraction frequency and antral motility index between
the modified and traditional methods. The study on
critically ill patients also revealed that a better effect of
EN was achieved in the modified B-ultrasound method
group with regard to patients’ hospitalization conditions
and the incidence of EN complications.

MATERIALS AND METHODS
Inclusion and exclusion criteria

The inclusion criteria were: (1) critically ill patients
(52 cases) admitted in the intensive care unit of our
hospital from January 2014 to December 2015; (2)
patients with an APACHE II score ≥ 8; and (3) patients
in a stable condition during the recovery period. The
exclusion criteria were: (1) patients who underwent
gastric resection; (2) patients with flatulence that
could not be observed; and (3) patients who were not
suitable for gastrointestinal perfusion due to various
reasons. At the same time, 30 healthy subjects were
recruited to evaluate the feasibility of the modified
B-ultrasound method in assessing gastrointestinal
function. This study was approved by the Ethics Co
mmittee of Cangzhou Central Hospital. All subjects
provided a signed informed consent form.

Liu Y, Gao YK, Yao L, Li L. Modified B-ultrasound method for
measurement of antral section only to assess gastric function
and guide enteral nutrition in critically ill patients. World J
Gastroenterol 2017; 23(28): 5229-5236 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i28/5229.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i28.5229

Evaluation of the feasibility of the modified B-ultrasound
method in monitoring gastric function

INTRODUCTION

Assessment of gastric emptying: The SonoSite
TITAN portable B-ultrasound machine (Bothell, WA,
United States) was used for assessing gastric function
in 30 healthy subjects. Indexes evaluated included:
fasting antral area, the immediate maximum antral
relaxation area after filling the stomach, 5-min
changes in the antral diastolic area until the liquid
dark area disappeared after filling the stomach,
the disappearance time of the liquid dark area in
the stomach after filling (gastric emptying time,
GET), 5-min antral contractions after filling, and
three consecutive maximum antral relaxation and
contraction areas (Srelaxation and Scontraction). Based on the
above data, the following were calculated: antral area
changes (ΔS) = Srelaxation - Scontraction; antral contraction

Critically ill patients with postoperative stress response
and multisystem disorders have an increased risk of
infection and even death. Timely postoperative enteral
nutrition (EN) support can significantly improve the
[1-6]
prognosis of these patients . However, critically ill
patients often have varying degrees of gastrointestinal
motility disorders and other disorders. Therefore,
individualized EN programs should be developed
for patients with varying degrees of gastrointestinal
[7-10]
dysfunction
. In clinical practice, medical staff often
uses retractable gastric tubes to withdraw residual
gastric juice to assess patients’ gastric motility and
guide EN. Due to the miniaturization and portability of
B-ultrasound equipment, some medical institutions also
use B-ultrasound to measure the antral section only for
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complications within 10 d after the initiation of EN
was recorded (reflux, vomiting, diarrhea, abdominal
distension, and new-onset pneumonia).
Research method: According to the severity of
disease, 64 critically ill patients were selected and
divided into two groups (n = 32 each), and the
modified B-ultrasound method and the gastric juice
withdrawal method were, respectively, applied to
monitor gastric function and guide the implementation
of EN. The following EN indexes were collected and
recorded: EN start time, the time required to reach
the maximum feeding rate, EN-related complications
(including reflux, new-onset pneumonia, vomiting,
diarrhea, abdominal distension, etc.) and the onset
time, and changes in serum prealbumin and albumin.

Figure 1 Ultrasound measurement of the antral section only.

frequency (ACF) = the number of antral contractions
within 5 min after gastric filling/5; antral contraction
amplitude (ACA) = ΔS/Srelaxation; antral motility index
(MI) = ACF × ACA.

Statistical analysis

Statistical analyses were performed using SPSS20.0
software package. Normally distributed variables
are expressed as mean ± SD, and non-normally
distributed data are expressed as median (inter
quartile range). Data on gastric function of the healthy
subjects were analyzed using paired t-test and linear
correlation analysis. The two groups of critically ill
patients were compared using the two independent
samples t-test. Kaplan-Meier survival curves were used
to compare differences in the complications of EN in
the two groups. P < 0.05 was considered statistically
significant.

Detection method: The subjects were fasted for 8
h overnight, and on the next morning, the traditional
B-ultrasound method was used to assess gastric
function. Briefly, the subjects were placed in the supine
position and instructed to drink 500 mL of ultrasound
liquid within 2 min, and gastric indexes were then
detected after gastric filling. The subjects were then
fasted again for 8 h overnight, and on the morning of
the next day, gastric function was assessed using the
improved B-ultrasound method, in which the subjects
were instructed to drink 300 mL of ultrasound liquid
within 2 min in the semirecumbent position, and
gastric indexes were then detected after gastric filling.

RESULTS
Evaluation of gastric function using the modified
B-ultrasound method

Comparison of the effects of the modified B-ultrasound
method and the gastric juice withdrawal method in
guiding EN for critically ill patients

The antral section was gradually detected on the
abdominal surface after the ultrasound imaging
revealed the superior mesenteric vein, abdominal aorta
and the left lobe of the liver. This test point was used
as a marker of the antral section (Figure 1) to detect
related indexes. Gastric function indices were detected
using the two types of B-ultrasound methods. As
shown in Table 1, ACF, ACA, MI, GET and other indexes
detected using the modified B-ultrasound method
were significantly smaller than those detected using
the traditional B-ultrasound method (P < 0.05 for all).
Linear correlation analysis showed that ACF, ACA and
GET detected using the traditional method were highly
correlated with those detected using the modified
method, although there was a poor correlation for ACA
(Table 2).

Assessment of gastric function in critically ill
patients using the gastric juice withdrawal
method: The distance from the hairline to the
sternum of patients was used as the length of the
indwelling gastric tube (the size was approximately
45-55 cm). Gastric remnants were measured by
artificial aspiration every 50 h using a 50-mL syringe.
According to the American Society for Parenteral and
Enteral Nutrition guidelines on EN, the EN program
was developed as follows: the target feeding amount
was set at 104.6-125.5 KJ (25 to 30 kcal)/(kg•d);
the EN rate was adjusted according to the patient’s
MI, and the gastric function of patients was detected
every one hour. If MI was < 0.4, the EN rate was set
at 20-30 mL/h; when MI was ≥ 0.4 but < 0.8, the EN
rate was set at 40-60 mL/h; when MI was ≥ 0.8, the
EN rate was set at ≥ 70 mL/h.
It has been believed that full EN can be achieved
when the target feeding amount reaches > 80%.
During the EN process, the tolerance of patients
should be closely monitored. The incidence of adverse

WJG|www.wjgnet.com

Comparison of the effects of the modified B-ultrasound
method and the gastric juice withdrawal method in
guiding EN

The effects of the two methods in guiding EN are
shown in Table 3. The modified B-ultrasound method
had a better effect in guiding EN. EN duration, EN
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Table 1 Comparison of the indices of gastric function
measured using the modified and traditional B-ultrasound
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Table 2 Correlation analysis of indices measured using the
modified and traditional methods
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MI: Motility index; GET: Gastric emptying time.

ur
g

ur
g
rs

da
Fi
ve

y

y
er

y
er
ur
g
ys

af
te

af
te

rs

rs
da
e
Th
re

O
ne

da

ys

y

Pr
e

af
te

op

er

ur
g

at

er

iv
e

y

200

B

Index
a

40

c
c

35

Index

Correlation coefficient

P value

95%CI

ACF
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MI
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0.21-0.74
-0.06-0.63
0.19-0.76
0.21-0.77

ACF: Antral contraction frequency; ACA: Antral contraction amplitude;
MI: Motility index; GET: Gastric emptying time.

30
ns

this approach is closer to the normal physiological
[20-25]
conditions of the body’s intake of nutrients
.
However, for patients suffering from severe diseases,
their gastrointestinal function may be impaired in
varying degrees, which mainly leads to gastric emptying
[26-33]
disorders and EN intolerance
. Therefore, it is
important to monitor their gastric function in real time,
in order to develop an individualized EN regimen for
patient rehabilitation. In this study, our results showed
that, in the normal population, the modified B-ultrasound
method can also provide a good reflection of the
gastric function. On this basis, its practical application
in critically ill patients also suggests that the modified
B-ultrasound method can guide the EN program well
for patients requiring nutritional support and reduce the
incidence of EN complications.

25

20

1

2

3

4

   5

Figure 2 Comparison of changes in prealbumin and albumin levels
between the two groups of patients. A: Changes in prealbumin levels; B:
Changes in albumin levels. aP < 0.05, cP < 0.01.

compliance time, and average daily calorie value
were significantly higher in the modified B-ultrasound
method group than in the gastric juice withdrawal
group (P < 0.05 for all). Prealbumin and albumin levels
on postoperative days 3, 5 and 7 were also significantly
higher in the modified B-ultrasound method group
than in the gastric juice withdrawal group (P < 0.05
for all) (Figures 2 and 3). Kaplan-Meier survival
analysis revealed that the incidence of complications
(reflux, vomiting, diarrhea, abdominal distension,
and new-onset pneumonia) was significantly lower in
the modified B-ultrasound method group than in the
gastric juice withdrawal group (P = 0.031).

Evaluation of the feasibility of the modified B-ultrasound
method in assessing gastric function

B-ultrasound has been widely used in various de
partments due to its simple, convenient, accurate
[14]
and reproducible features. In 1989, Marzioetal
first
proposed to use B-ultrasound to measure the antrum
only for real-time monitoring of gastric emptying, in
order to assess gastric function. However, this method
requires the patient to maintain an upright posture
while drinking 500 mL liquid. Hence, this method
cannot be tolerated by many critically ill patients
[14]
due to gastric dysfunction and other reasons .
Therefore, we improved this traditional method in
this study by placing patients in the semirecumbent
position while drinking 300 mL of ultrasound solution
to fill the antrum. Then, guided EN was performed
after portable B-ultrasound equipment was used to

DISCUSSION
In both patients and healthy people, adequate intake
of nutrients is important for maintaining the normal
function of the body, and good nutrition helps to
maintain cell metabolism, the normal structure of
[15-19]
tissues and organs, and other functions
. At present,
parenteral nutrition, usually through the intestine,
provides patients with good nutritional support. The EN
approach has gained the attention of clinicians, because
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Table 3 Comparison of the implementation of enteral nutrition in the two groups of patients

Modified B-ultrasound method (n = 26)
Gastric juice withdrawal method (n = 26)
t-value
P value

Hospitalization time (d)

Enteral nutrition time (h)

Average daily calorie value (kcal/kg)

4.42 ± 1.92
5.31 ± 2.11
-1.620
0.111

13.35 ± 2.92
16.58 ± 5.95
-2.482
0.016

30.38 ± 9.42
36.63 ± 10.26
-2.123
0.039

28.73 ± 4.35
25.69 ± 3.74
2.702
0.009

in critically ill patients.
The gastric juice withdrawal method is a method
of guiding EN by detecting gastric residues, which has
[44-51]
been widely used in many hospitals
. However, a
variety of factors including the length and location of
the indwelling tube would result in the lack of accuracy
of the test results, and some deficiencies often occur
in the implementation of this method for guiding EN.
If the indwelling tube is inserted too shallowly, this
causes the amount of residual calorie measurement
to be small and would increase EN speed, which often
results in bloating, reflux, new-onset pneumonia and
other complications. If the indwelling tube is placed too
deeply, the measured residual gastric volume will be
excessively large, which often causes gastric mucosal
damage. Hence, there is an urgent need for a more
effective method for clinical applications.
When comparing the effects of the two methods
in guiding EN, the average calorie intake of patients
receiving EN was significantly higher when the modified
B-ultrasound method was used. Furthermore, the time
required to achieve complete EN was also significantly
less for the modified B-ultrasound method. As a result,
patients who used the modified B-ultrasound method
obtained better nutritional support. In addition, the
modified B-ultrasound method exhibited a significant
advantage in reflecting the nutritional status of patients
with regard to plasma prealbumin and albumin levels
and other indexes. The recovery rates of prealbumin
and albumin levels within 7 d after surgery were
higher in patients of the modified B-ultrasound method
group than in the traditional gastric juice withdrawal
group. According to a multicenter survey that involved
26 hospitals in Europe, the nutritional status of patients
was significantly negatively correlated with hospital stay,
complications and mortality, and patients who received
good nutritional support had shorter hospital stay,
[52-55]
fewer complications and increased survival rate
. In
the present study, the Kaplan-Meier survival analysis
revealed that the complications of patients with good
nutritional support were significantly fewer than
those in the traditional gastric juice withdrawal group.
Furthermore, the durations of ICU stay and hospital
stay in the modified B-ultrasound method group were
also significantly shorter than those in the traditional
method group. The underlying reason for this is
that patients had a better recovery in the modified
B-ultrasound method group, because the modified
method can more accurately assess the gastric function
of patients, and is conducive for clinicians to accurately

Survival curve

1.0

Overall incidence (%)

ICU time (d)

0.8
0.6
0.4
0.2
0.0
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6.00

8.00 10.00

Time

Figure 3 Comparison of complications between the two groups of
patients.

detect relevant indexes of gastric function in patients.
The differences in and correlations of various gastric
function indexes between the modified and traditional
methods were investigated in a normal population
using a self-controlled method to verify the reliability of
the improved B-ultrasound method in assessing gastric
function.
Stomach contents can stimulate gastric emptying,
and the mechanical stimulation of the vagus nerve
reflex in the gastric wall increases stomach movement.
In general, the rate of gastric emptying is propor
[34-43]
tional to the amount of stomach contents
. In
the present study, the difference in gastric wall nerve
stimulation was caused by the different volumes of
ultrasound liquid. The indexes (ACA, ACF, MI and GET)
detected using the modified B-ultrasound method
were significantly smaller than those obtained using
the conventional method. Since the rate of gastric
emptying is regulated by nerves, body fluids and a
variety of factors, ACA derived by these two detection
methods had a poor correlation. However, the rest
important indexes (ACF, GET and MI) are highly
correlated between the two methods. This suggests that
the modified B-ultrasound method has the potential to
enable the real-time detection of gastric function.

Comparison of the effects of the modified B-ultrasound
method and the gastric juice withdrawal method in
guiding EN

The self-controlled study of healthy people revealed
that the modified B-ultrasound method has a potential
to detect gastric function. We therefore further investi
gated the effects of the modified B-ultrasound method
and the gastric fluid withdrawal method in guiding EN
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control the EN speed. As a result, the incidence of
vomiting, bloating, new-onset pneumonia and other
complications was also significantly lower. These results
suggest that the modified B-ultrasound method is an
effective method for guiding EN.
However, since the B-ultrasound method is sus
ceptible to stomach gas interference, B-ultrasound
detection was not performed in our three patients due
to severe flatulence. Therefore, future studies should
be required to further evaluate the types of disease
suitable for B-ultrasound detection.
In summary, the modified B-ultrasound method
can better assess gastric function and guide EN in
critically ill patients than the traditional gastric juice
withdrawal method, showing good clinical value.

3

4

5

6

COMMENTS
COMMENTS
Background

Enteral nutrition (EN) is widely used widely in clinical practice for the reason
that this approach is closer to the normal physiological conditions of the body’s
intake of nutrients. However, since critically ill patients often suffer from varying
degrees of gastric dysfunction and have EN intolerance, it is important to
monitor their gastric function in real time, in order to develop an individualized
EN regimen for patient rehabilitation.

7

Research frontiers

9

8

In clinical practice, medical staff often uses retractable gastric tubes to withdraw
residual gastric juice to assess patients’ gastric motility and guide EN. Due to
the miniaturization and portability of B-ultrasound equipment, some medical
institutions also use B-ultrasound to measure the antral section only for realtime guidance of EN. Given the fact that this method has some deficiencies,
more methods should be developed to provide crucially ill patients with EN in
real time.

10

11

Innovations and breakthroughs

In this study, a modified B-ultrasound method for measuring the antral section
only was established. In healthy subjects, there was a good correlation among
gastric emptying time, antral contraction frequency and antral motility index
between the modified and normal methods. When guided by the modified
method, the study on critically ill patients also revealed that a better effect of
EN was achieved with regard to patients’ hospitalization conditions and the
incidence of EN complications.

12

13

Applications

The modified method that has a better effect in providing guidance of EN can
better provide nutritional support for critically ill patients, and contribute to the
rehabilitation of patients.

Peer-review

This is an interesting study about the establishment of a modified B-ultrasound
method for measurement of the antral section only and its application value in
guiding EN in critically ill patients.

14

15

REFERENCES
1

2

Li B, Liu HY, Guo SH, Sun P, Gong FM, Jia BQ. Impact of early
postoperative enteral nutrition on clinical outcomes in patients
with gastric cancer. Genet Mol Res 2015; 14: 7136-7141 [PMID:
26125924 DOI: 10.4238/2015.June.29.7]
Li CH, Chen DP, Yang J. Enteral Nutritional Support in Patients
with Head Injuries After Craniocerebral Surgery. Turk Neurosurg
2015; 25: 873-876 [PMID: 26617135 DOI: 10.5137/1019-5149.
JTN.9503-13.1]

WJG|www.wjgnet.com

16

17

5234

Moreno C, Deltenre P, Senterre C, Louvet A, Gustot T, Bastens B,
Hittelet A, Piquet MA, Laleman W, Orlent H, Lasser L, Sersté T,
Starkel P, De Koninck X, Negrin Dastis S, Delwaide J, Colle I, de
Galocsy C, Francque S, Langlet P, Putzeys V, Reynaert H, Degré
D, Trépo E. Intensive Enteral Nutrition Is Ineffective for Patients
With Severe Alcoholic Hepatitis Treated With Corticosteroids.
Gastroenterology 2016; 150: 903-910.e8 [PMID: 26764182 DOI:
10.1053/j.gastro.2015.12.038]
Takesue T, Takeuchi H, Ogura M, Fukuda K, Nakamura R,
Takahashi T, Wada N, Kawakubo H, Kitagawa Y. A Prospective
Randomized Trial of Enteral Nutrition After Thoracoscopic
Esophagectomy for Esophageal Cancer. Ann Surg Oncol 2015; 22
Suppl 3: S802-S809 [PMID: 26219242 DOI: 10.1245/s10434-0154767-x]
Yoon SR, Lee JH, Lee JH, Na GY, Lee KH, Lee YB, Jung
GH, Kim OY. Low-FODMAP formula improves diarrhea and
nutritional status in hospitalized patients receiving enteral nutrition:
a randomized, multicenter, double-blind clinical trial. Nutr J 2015;
14: 116 [PMID: 26530312 DOI: 10.1186/s12937-015-0106-0]
Zheng T, Zhu X, Liang H, Huang H, Yang J, Wang S. Impact of
early enteral nutrition on short term prognosis after acute stroke.
J Clin Neurosci 2015; 22: 1473-1476 [PMID: 26183306 DOI:
10.1016/j.jocn.2015.03.028]
Adolph M, Eckart A, Eckart J. [Fructose vs. glucose in total
parenteral nutrition in critically ill patients]. Anaesthesist 1995; 44:
770-781 [PMID: 8678268]
Awad S, Fearon KC, Macdonald IA, Lobo DN. A randomized
cross-over study of the metabolic and hormonal responses
following two preoperative conditioning drinks. Nutrition 2011;
27: 938-942 [PMID: 21126861 DOI: 10.1016/j.nut.2010.08.025]
Circeo LE, Reeves ST. Multicenter trial of prolonged infusions
of rocuronium bromide in critically ill patients: effects of multiple
organ failure. South Med J 2001; 94: 36-42 [PMID: 11213940]
Nguyen NQ, Fraser RJ, Chapman MJ, Bryant LK, Holloway
RH, Vozzo R, Wishart J, Feinle-Bisset C, Horowitz M. Feed
intolerance in critical illness is associated with increased basal and
nutrient-stimulated plasma cholecystokinin concentrations. Crit
Care Med 2007; 35: 82-88 [PMID: 17095943 DOI: 10.1097/01.
CCM.0000250317.10791.6C]
Cucchiara S, Raia V, Minella R, Frezza T, De Vizia B, De Ritis G.
Ultrasound measurement of gastric emptying time in patients with
cystic fibrosis and effect of ranitidine on delayed gastric emptying.
J Pediatr 1996; 128: 485-488 [PMID: 8618181]
Gentilcore D, Hausken T, Horowitz M, Jones KL. Measurements
of gastric emptying of low- and high-nutrient liquids using
3D ultrasonography and scintigraphy in healthy subjects.
Neurogastroenterol Motil 2006; 18: 1062-1068 [PMID: 17109689
DOI: 10.1111/j.1365-2982.2006.00830.x]
Kusunoki H, Haruma K, Manabe N, Imamura H, Kamada
T, Shiotani A, Hata J, Sugioka H, Saito Y, Kato H, Tack J.
Therapeutic efficacy of acotiamide in patients with functional
dyspepsia based on enhanced postprandial gastric accommodation
and emptying: randomized controlled study evaluation by
real-time ultrasonography. Neurogastroenterol Motil 2012;
24: 540-545, e250-e251 [PMID: 22385472 DOI: 10.1111/
j.1365-2982.2012.01897.x]
Marzio L, Giacobbe A, Conoscitore P, Facciorusso D, Frusciante
V, Modoni S. Evaluation of the use of ultrasonography in the study
of liquid gastric emptying. Am J Gastroenterol 1989; 84: 496-500
[PMID: 2655434]
Alsaffar AA. Sustainable diets: The interaction between food
industry, nutrition, health and the environment. Food Sci Technol
Int 2016; 22: 102-111 [PMID: 25680370 DOI: 10.1177/108201321
5572029]
Hofman DL, van Buul VJ, Brouns FJ. Nutrition, Health, and
Regulatory Aspects of Digestible Maltodextrins. Crit Rev Food Sci
Nutr 2016; 56: 2091-2100 [PMID: 25674937 DOI: 10.1080/10408
398.2014.940415]
Kang Y, Lee HS, Paik NJ, Kim WS, Yang M. Evaluation of enteral
formulas for nutrition, health, and quality of life among stroke

July 28, 2017|Volume 23|Issue 28|

Liu Y et al . EN guided by a modified B-ultrasound method

18
19
20

21
22

23

24

25

26

27

28

29

30

31

32

33

patients. Nutr Res Pract 2010; 4: 393-399 [PMID: 21103085 DOI:
10.4162/nrp.2010.4.5.393]
Kimokoti RW, Hamer DH. Nutrition, health, and aging in subSaharan Africa. Nutr Rev 2008; 66: 611-623 [PMID: 19019023
DOI: 10.1111/j.1753-4887.2008.00113.x]
Naberhuis JK, Bell JD, Goates S, Nuijten M. Global Publication
Trends in Medical Nutrition Health Economics. Value Health 2015;
18: A553 [PMID: 26533108 DOI: 10.1016/j.jval.2015.09.1780]
Canarie MF, Barry S, Carroll CL, Hassinger A, Kandil S, Li
S, Pinto M, Valentine SL, Faustino EV; Northeast Pediatric
Critical Care Research Consortium. Risk Factors for Delayed
Enteral Nutrition in Critically Ill Children. Pediatr Crit Care
Med 2015; 16: e283-e289 [PMID: 26237658 DOI: 10.1097/
PCC.0000000000000527]
Hegazi RA, DeWitt T. Enteral nutrition and immune modulation of
acute pancreatitis. World J Gastroenterol 2014; 20: 16101-16105
[PMID: 25473161 DOI: 10.3748/wjg.v20.i43.16101]
Poropat G, Giljaca V, Hauser G, Štimac D. Enteral nutrition
formulations for acute pancreatitis. Cochrane Database Syst Rev
2015; (3): CD010605 [PMID: 25803695 DOI: 10.1002/14651858.
CD010605.pub2]
Su YY, Gao DQ, Zeng XY, Sha RJ, Niu XY, Wang CQ, Zhou D,
Jiang W, Cui F, Yang Y, Pan SY, Zhang X, Li LD, Gao L, Peng B,
Zhong CL, Liu ZC, Li LH, Tan H, Lv PY. A survey of the enteral
nutrition practices in patients with neurological disorders in the
tertiary hospitals of China. Asia Pac J Clin Nutr 2016; 25: 521-528
[PMID: 27440686]
Weenen TC, Jentink A, Pronker ES, Commandeur HR, Claassen
E, Boirie Y, Singer P. Patient needs and research priorities in the
enteral nutrition market - a quantitative prioritization analysis.
Clin Nutr 2014; 33: 793-801 [PMID: 24342258 DOI: 10.1016/
j.clnu.2013.11.002]
Yip KF, Rai V, Wong KK. Evaluation of delivery of enteral
nutrition in mechanically ventilated Malaysian ICU patients. BMC
Anesthesiol 2014; 14: 127 [PMID: 25587238 DOI: 10.1186/1471-2
253-14-127]
Chapman MJ, Fraser RJ, Matthews G, Russo A, Bellon M,
Besanko LK, Jones KL, Butler R, Chatterton B, Horowitz M.
Glucose absorption and gastric emptying in critical illness. Crit
Care 2009; 13: R140 [PMID: 19712450 DOI: 10.1186/cc8021]
Elke G, Felbinger TW, Heyland DK. Gastric residual volume in
critically ill patients: a dead marker or still alive? Nutr Clin Pract
2015; 30: 59-71 [PMID: 25524884 DOI: 10.1177/0884533614562
841]
Friedman G, Flávia Couto CL, Becker M. Randomized study
to compare nasojejunal with nasogastric nutrition in critically ill
patients without prior evidence of altered gastric emptying. Indian
J Crit Care Med 2015; 19: 71-75 [PMID: 25722547 DOI: 10.4103/
0972-5229.151013]
Hamada SR, Garcon P, Ronot M, Kerever S, Paugam-Burtz C,
Mantz J. Ultrasound assessment of gastric volume in critically ill
patients. Intensive Care Med 2014; 40: 965-972 [PMID: 24841699
DOI: 10.1007/s00134-014-3320-x]
Kar P, Jones KL, Horowitz M, Chapman MJ, Deane AM.
Measurement of gastric emptying in the critically ill. Clin
Nutr 2015; 34: 557-564 [PMID: 25491245 DOI: 10.1016/
j.clnu.2014.11.003]
Kar P, Plummer MP, Chapman MJ, Cousins CE, Lange K,
Horowitz M, Jones KL, Deane AM. Energy-Dense Formulae
May Slow Gastric Emptying in the Critically Ill. JPEN J Parenter
Enteral Nutr 2016; 40: 1050-1056 [PMID: 26038421 DOI: 10.117
7/0148607115588333]
Martinez EE, Pereira LM, Gura K, Stenquist N, Ariagno K, Nurko
S, Mehta NM. Gastric Emptying in Critically Ill Children. JPEN J
Parenter Enteral Nutr 2017; 148607116686330 [PMID: 28061320
DOI: 10.1177/0148607116686330]
Nguyen NQ, Chapman MJ, Fraser RJ, Bryant LK, Burgstad C,
Ching K, Bellon M, Holloway RH. The effects of sedation on
gastric emptying and intra-gastric meal distribution in critical
illness. Intensive Care Med 2008; 34: 454-460 [PMID: 18060542

WJG|www.wjgnet.com

34

35

36

37

38

39

40
41

42
43

44

45

46
47

48
49

50

51

5235

DOI: 10.1007/s00134-007-0942-2]
Arzola C, Cubillos J, Perlas A, Downey K, Carvalho JC. Interrater
reliability of qualitative ultrasound assessment of gastric content
in the third trimester of pregnancy. Br J Anaesth 2014; 113:
1018-1023 [PMID: 25080428 DOI: 10.1093/bja/aeu257]
Bataille A, Rousset J, Marret E, Bonnet F. Ultrasonographic
evaluation of gastric content during labour under epidural
analgesia: a prospective cohort study. Br J Anaesth 2014; 112:
703-707 [PMID: 24401801 DOI: 10.1093/bja/aet435]
Coletta M, Gates FK, Marciani L, Shiwani H, Major G, Hoad
CL, Chaddock G, Gowland PA, Spiller RC. Effect of bread gluten
content on gastrointestinal function: a crossover MRI study on
healthy humans. Br J Nutr 2016; 115: 55-61 [PMID: 26522233
DOI: 10.1017/S0007114515004183]
Cubillos J, Tse C, Chan VW, Perlas A. Bedside ultrasound
assessment of gastric content: an observational study. Can J
Anaesth 2012; 59: 416-423 [PMID: 22215523 DOI: 10.1007/
s12630-011-9661-9]
Perlas A, Chan VW, Lupu CM, Mitsakakis N, Hanbidge
A. Ultrasound assessment of gastric content and volume.
Anesthesiology 2009; 111: 82-89 [PMID: 19512861 DOI: 10.1097/
ALN.0b013e3181a97250]
Pinna W, Nieddu G, Moniello G, Cappai MG. Vegetable and
animal food sorts found in the gastric content of Sardinian
Wild Boar (Sus scrofa meridionalis). J Anim Physiol Anim Nutr
(Berl) 2007; 91: 252-255 [PMID: 17516948 DOI: 10.1111/
j.1439-0396.2007.00700.x]
Sakurai Y, Uchida M, Mimura F, Aiba J. [Ultrasound assessment
of gastric content in cesarean delivery patients: an observational
study]. Masui 2014; 63: 1097-1102 [PMID: 25693336]
Tian Y, Zhang L, Wang Y, Tang H. Age-related topographical
metabolic signatures for the rat gastrointestinal contents. J
Proteome Res 2012; 11: 1397-1411 [PMID: 22129435 DOI:
10.1021/pr2011507]
Van de Putte P, Perlas A. Ultrasound assessment of gastric content
and volume. Br J Anaesth 2014; 113: 12-22 [PMID: 24893784
DOI: 10.1093/bja/aeu151]
Wahbeh G, Rubens D, Katz JR, Seidel K, Rampersad SE, Murray
KF. Gastric contents in pediatric patients following bone marrow
transplantation. Paediatr Anaesth 2010; 20: 660-665 [PMID:
20456059 DOI: 10.1111/j.1460-9592.2010.03319.x]
Ahmad S, Le V, Kaitha S, Morton J, Ali T. Nasogastric tube
feedings and gastric residual volume: a regional survey. South
Med J 2012; 105: 394-398 [PMID: 22864094 DOI: 10.1097/
SMJ.0b013e31825d9bef]
Bartlett Ellis RJ, Fuehne J. Examination of accuracy in the
assessment of gastric residual volume: a simulated, controlled
study. JPEN J Parenter Enteral Nutr 2015; 39: 434-440 [PMID:
24562002 DOI: 10.1177/0148607114524230]
Chang WK, McClave SA, Hsieh CB, Chao YC. Gastric residual
volume (GRV) and gastric contents measurement by refractometry.
JPEN J Parenter Enteral Nutr 2007; 31: 63-68 [PMID: 17202443]
Kuppinger DD, Rittler P, Hartl WH, Rüttinger D. Use of gastric
residual volume to guide enteral nutrition in critically ill patients:
a brief systematic review of clinical studies. Nutrition 2013; 29:
1075-1079 [PMID: 23756283 DOI: 10.1016/j.nut.2013.01.025]
Li YQ, Zhao HL. [Gastric residual volume and the application of
gastrointestinal prokinetic agents in critical patients]. Zhongguo
Weizhongbing Jijiu Yixue 2012; 24: 574-576 [PMID: 22938671]
Metheny NA, Schallom L, Oliver DA, Clouse RE. Gastric residual
volume and aspiration in critically ill patients receiving gastric
feedings. Am J Crit Care 2008; 17: 512-519; quiz 520 [PMID:
18978236]
Soroksky A, Lorber J, Klinowski E, Ilgayev E, Mizrachi A,
Miller A, Ben Yehuda TM, Leonov Y. A simplified approach
to the management of gastric residual volumes in critically ill
mechanically ventilated patients: a pilot prospective cohort study.
Isr Med Assoc J 2010; 12: 543-548 [PMID: 21287798]
Van Stappen J, Pigozzi C, Tepaske R, Van Regenmortel N, De
Laet I, Schoonheydt K, Dits H, Severgnini P, Roberts DJ, Malbrain

July 28, 2017|Volume 23|Issue 28|

Liu Y et al . EN guided by a modified B-ultrasound method

52

53

ML. Validation of a novel method for measuring intra-abdominal
pressure and gastric residual volume in critically ill patients.
Anaesthesiol Intensive Ther 2014; 46: 245-254 [PMID: 25293475
DOI: 10.5603/AIT.2014.0042]
Spapen H, De Waele E, De Waele E, Mattens S, Diltoer M, Gorp
VV, Honoré PM. Calculating energy needs in critically ill patients:
Sense or nonsense? J Transl Int Med 2015; 2: 150-153 [DOI:
10.4103/2224-4018.147737]
Hu W, Yu F. Economic evaluation of resonable nutrition support. J

54

55

Transl Int Med 2015; 2: 3-6 [DOI: 10.4103/2224-4018.129496]
Allman RM, Goode PS, Burst N, Bartolucci AA, Thomas DR.
Pressure ulcers, hospital complications, and disease severity:
impact on hospital costs and length of stay. Adv Wound Care 1999;
12: 22-30 [PMID: 10326353]
Marín-Peñalver JJ, Martín-Timón I, Del Cañizo-Gómez FJ.
Management of hospitalized type 2 diabetes mellitus patients. J
Transl Int Med 2016; 4: 155-161 [PMID: 28191539 DOI: 10.1515/
jtim-2016-0027]
P- Reviewer: McCarthy M, Provenzale D S- Editor: Wang JL
L- Editor: Wang TQ E- Editor: Zhang FF

WJG|www.wjgnet.com

5236

July 28, 2017|Volume 23|Issue 28|

World J Gastroenterol 2017 July 28; 23(28): 5237-5245

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v23.i28.5237

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE
Prospective Study

Chronic liver failure-consortium acute-on-chronic liver
failure and acute decompensation scores predict mortality
in Brazilian cirrhotic patients
Rafael Veiga Picon, Franciele Sabadin Bertol, Cristiane Valle Tovo, Ângelo Zambam de Mattos
Rafael Veiga Picon, Franciele Sabadin Bertol, Cristiane Valle
Tovo, Gastroenterology and Hepatology Unit, Nossa Senhora da
Conceição Hospital, Porto Alegre, Rio Grande do Sul 91350-200,
Brazil

Correspondence to: Ângelo Zambam de Mattos, MD, MSc,
PhD, Professor of Medicine, Gastroenterology and Hepatology
Unit, Federal University of Health Sciences of Porto Alegre, 154,
Professor Annes Dias St., office 1103, Porto Alegre, Rio Grande
do Sul 90050-170, Brazil. angmattos@hotmail.com
Telephone: +55-51-32269131
Fax: +55-51-32269131

Cristiane Valle Tovo, Ângelo Zambam de Mattos, Gastro
enterology and Hepatology Unit, Federal University of Health
Sciences of Porto Alegre, Porto Alegre, Rio Grande do Sul
90050-170, Brazil

Received: March 15, 2017
Peer-review started: March 18, 2017
First decision: may 12, 2017
Revised: may 30, 2017
Accepted: July 12, 2017
Article in press: July 12, 2017
Published online: July 28, 2017

Ângelo Zambam de Mattos, Gastroenterology and Hepatology
Unit, Pontifical Catholic University of Rio Grande do Sul, Porto
Alegre, Rio Grande do Sul 90619-900, Brazil
Author contributions: Picon RV and Bertol FS contributed for
acquisition of data; Picon RV, Bertol FS, Tovo CV and de Mattos
ÂZ contributed to analysis and interpretation of data; Picon
RV and de Mattos ÂZ drafted the manuscript; Tovo CV and de
Mattos ÂZ contributed for the study concept and design; critical
revision of the manuscript for important intellectual content; all
authors approved the final version of the manuscript.

Abstract
AIM
To validate prognostic scores for acute decompensation
of cirrhosis and acute-on-chronic liver failure in Brazilian
patients.

Institutional review board statement: the study was reviewed
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Institutional Review Board.

METHODS
This is a prospective cohort study designed to assess
the prognostic performance of the chronic liver
failure-consortium (CLIF-C) acute decompensation
score (CLIF-C AD) and CLIF-C acute-on-chronic liver
failure score (CLIF-C ACLF), regarding 28-d and
90-d mortality, as well as to compare them to other
prognostic models, such as Model for End-Stage Liver
Disease (MELD), MELD Sodium (MELD-Na), ChildPugh (CP) score, and the CLIF-C Organ Failure score
(CLIF-C OF). All participants were adults with acute
decompensation of cirrhosis admitted to the Emergency
Department of a tertiary hospital in southern Brazil.
Prognostic performances were evaluated by means of
the receiver operating characteristic (ROC) curves, area
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under the curves (AUC) and 95%CI.
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RESULTS
One hundred and thirteen cirrhotic patients were
included. At admission, 18 patients had acute-onchronic liver failure (ACLF) and 95 individuals had
acute decompensation (AD) without ACLF, of which
24 eventually developed ACLF during the course of
hospitalization (AD evolving to ACLF group). The AD
group had significantly lower 28-d (9.0%) and 90-d
(18.3%) mortality as compared to the AD evolving to
ACLF group and to the ACLF group (both P < 0.001).
On the other hand, 28-d and 90-d mortalities were not
significantly different between AD evolving to ACLF
group and ACLF group (P = 0.542 and P = 0.708,
respectively). Among patients with ACLF, at 28 d
from the diagnosis, CLIF-C ACLF was the only score
able to predict mortality significantly better than the
reference line, with an AUC (95%CI) of 0.71 (95%CI:
0.54-0.88, P = 0.021). Among patients with AD, all
prognostic scores performed significantly better than
the reference line regarding 28-d mortality, presenting
with similar AUCs: CLIF-C AD score 0.75 (95%CI:
0.63-0.88), CP score 0.72 (95%CI: 0.59-0.85), MELD
score 0.75 (95%CI: 0.61-0.90), MELD-Na score
0.76 (95%CI: 0.61-0.90), and CLIF-C OF score 0.74
(95%CI: 0.60-0.88). The same occurred concerning
AUCs for 90-d mortality: CLIF-C AD score 0.70 (95%CI:
0.57-0.82), CP score 0.73 (95%CI: 0.62-0.84), MELD
score 0.71 (95%CI: 0.59-0.83), MELD-Na score 0.73
(95%CI: 0.62-0.84), and CLIF-C OF score 0.65 (95%CI:
0.52-0.78).

INTRODUCTION
Cirrhosis is a relevant disease worldwide, both because
of its high prevalence and because of its high mortality.
In addition, this disease is responsible for substantial
[1]
use of health care resources . In Brazil, for instance,
liver diseases are the eighth leading cause of death,
and cirrhosis is the major cause of hospital admissions
and lethality among them. Moreover, the burden of
cirrhosis in terms of hospital admissions and mortality
rate is still increasing, despite considerable medical
[2]
advances . Most of cirrhosis-related admissions and
deaths are related to its acute decompensations.
Recently, a redefinition of acute-on-chronic liver
failure (ACLF), an especially severe form of cirrhosis
decompensation based on the occurrence of organic
dysfunctions, was proposed by the European Asso
ciation for the Study of the Liver - Chronic liver failure
(CLIF) consortium. ACLF represents a syndrome
occurring in patients with chronic liver disease, which
is characterized by acute deterioration of liver function
and one or more extrahepatic organ failures, leading
[3]
to increased short-term mortality . In the United
States, from 2001 to 2011, the proportion of patients
discharged from hospitals with a diagnosis of cirrhosis
increased from 0.4% to 4.0%, while the proportion of
those discharged with a diagnosis of ACLF increased
[1]
from 0.3% to 6.0% . Similarly, a recent French study
demonstrated that, between 2008 and 2013, the annual
proportion of cirrhotic patients with ACLF undergoing
orthotopic liver transplantation (OLT) increased from
[4]
32% to 51% .
Considering the need to better predict the prog
nosis of patients with acute decompensations of
cirrhosis, the CLIF Consortium proposed the use of
two scores: one for patients with ACLF and the other
for patients with acute decompensation (AD), but
[5,6]
not ACLF . Considering the lack of evidence about
the performance of these scores outside Europe and
taking into account possible differences regarding
the epidemiological aspects of liver diseases and the
characteristics of health care systems, this study
aimed at validating their use in a Brazilian population.

CONCLUSION
This study demonstrated that CLIF-C ACLF is the best
available score for the prediction of 28-d mortality
among patients with ACLF. CLIF-C AD score is also
useful for the prediction of mortality among cirrhotic
patients with AD not fulfilling diagnostic criteria for
ACLF, but it was not superior to other well-established
prognostic scores.
Key words: cirrhosis; acute-on-chronic liver failure;
mortality; prediction; prognosis; acute decompensation
of cirrhosis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The present study demonstrated that chronic
liver failure-consortium (CLIF-C) acute-on-chronic
liver failure score (ACLF) is the best available score
for the prediction of 28-d mortality among patients
with ACLF, but it was unable to determine the same
regarding 90-d mortality. On the other hand, while
this study also demonstrated that CLIF-C acute
decompensation (AD) was useful for the prediction of
28-d and 90-d mortalities among patients with AD not
fulfilling diagnostic criteria for ACLF, it failed to identify
superiority when compared to other scores already
routinely used worldwide.
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MATERIALS AND METHODS
Study design and setting

This was a prospective cohort study conducted with a
convenience consecutive sample of patients admitted
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to a tertiary hospital of Porto Alegre, southern Brazil.
All participants were adults admitted to the Emergency
Department of Nossa Senhora da Conceição Hospital
with either acute decompensation of cirrhosis - AD
[3]
group - or acute-on-chronic liver failure - ACLF group .
The AD group was further subdivided in two: (1)
patients with AD that did not develop ACLF during
hospital stay - hereafter AD group; and (2) patients
admitted with AD that did develop ACLF at some
point during the same hospitalization - henceforth AD
evolving to ACLF group.

was carried-out on a pilot-tested Microsoft Excel™
spreadsheet by two authors (FSB and RVP).
The study protocol conformed to the ethical guide
lines of the 1975 Declaration of Helsinki and was
approved by the institutional Ethical Committee.
Informed consent was waived by the Ethical Committee.

Statistical analysis

Qualitative data were described as proportions,
2
and Pearson’s χ or Fisher’s exact test was used for
inferential analysis. Quantitative data were described
as means ± SD, and analysis of variance (ANOVA) was
used for comparison across three groups. Alpha was
set at 0.05 and all comparisons were two-tailed.
OLT was regarded as a competing end-point,
thus Kaplan-Meier survival analysis was undertaken
assessing time to event as days from AD or ACLF
diagnosis to death or OLT. Individuals who did not die
nor were submitted to OLT were censored at the end of
follow-up. Mantel-Cox log rank statistic was employed
for inferential analysis across groups. Median survival
times and their respective 95%CI according to group
were obtained.
ROC curves, their corresponding areas under the
curve (AUC) and respective AUC 95%CI were used to
assess the performance of the CLIF-C AD score, CLIF-C
ACLF score, CLIF-C OF score, MELD, MELD-Na, and CP
score at 28 and 90 d from diagnosis. Patients lost to
follow-up or with incomplete data were excluded from
such analyses.
A univariate analysis was performed using all the
scores and selected baseline clinical characteristics not
embedded in the prediction scores as covariates and
death at any point during the study as the dependent
variable. Data analysis was performed using the
Statistical Package for Social Sciences™ version 18.0.

Outcome

The evaluated outcome was transplant-free survival
according to the diagnosis of AD or ACLF.

Predictors

In order to evaluate the capacity of Chronic Liver
Failure-Consortium Acute Decompensation (CLIF-C
[6]
AD) and Chronic Liver Failure-Consortium Acute[5]
on-Chronic Liver Failure (CLIF-C ACLF) scores in
predicting death in 28 d and 90 d after the diagnosis,
their sensitivity, specificity and positive and negative
predictive values were calculated, and receiver
operating characteristic (ROC) curves were developed.
Several well-established severity scores employed for
cirrhosis assessment were used as comparators: Model
for End-Stage Liver Disease (MELD), MELD Sodium
(MELD-Na), Child-Pugh (CP) score, and the Chronic
Liver Failure-Consortium Organ Failure (CLIF-C OF)
[5-9]
score .

Participants

Between January and September 2016, patients over
18 years-old admitted to the Emergency Department
were screened by the International Classification of
th
Diseases - 10 revision (ICD-10) codes and deemed
eligible if codes K70 to K77 were stated at their
hospital admission forms. Participants were cirrhotic
patients undergoing a non-elective Emergency De
partment admission for acute decompensation - i.e.,
ascites, encephalopathy, gastrointestinal hemorrhage,
or bacterial infection according to criteria stated by
[3]
Moreau et al . Cirrhosis was diagnosed based on
histology or on clinical grounds, laboratory tests,
imaging and endoscopic findings. Exclusion criteria
were (1) elective hospitalization; and (2) non-elective
Emergency Department admission for reasons different
from acute decompensation of cirrhosis. For patients
undergoing more than one hospitalization during the
studied period, only data regarding the first admission
was considered for analysis. Participants were followed
until the end of December 2016.

RESULTS
One hundred seventeen patients were considered
eligible for the study, and 113 individuals fulfilled
all the inclusion criteria. At admission, 18 (15.9%)
patients had ACLF and 95 (84.1%) individuals had AD
without ACLF, of which 24 eventually develop ACLF
during the course of hospitalization (AD evolving to
ACLF group). Figure 1 shows the flowchart of patients
through the study.
Tables 1 and 2 describe, respectively, baseline
clinical characteristics and laboratory findings of patients
according to group. Of note, none of the patients from
the AD group was admitted for spontaneous bacterial
peritonitis (SBP), while 3 (12.5%) patients from the AD
evolving to ACLF group and 2 (11.1%) of those from
the ACLF group were admitted for SBP (P = 0.035).
Over 70.0% of patients who were diagnosed with
ACLF had ACLF grade 1. Kidney failure was the single
most frequent organic failure, being present in 66.7%
of patients with ACLF at admission and in 75.0% of

Data collection

Data were drawn from the electronic medical records of
the patients. Data collection did not affect management
of participants during hospital stay. Data extraction
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117 eligible patients screened by ICD-10 codes
(K70–K77) at admission into the Emergency Unit

4 patients excluded for not
being admitted for cirrhosis
decompensation

113 patients fulfilled all inclusion criteria

24 patients with AD developed
ACLF during the same
hospitalization

11/18 patients died within 28 d
from the diagnosis

15/18 patients died within 90 d
from the diagnosis

71 patients with AD did not
develop ACLF during the same
hospitalization

95 patients with AD

18 patients with ACLF

8/24 patients died within 28
d from the diagnosis of AD
12/24 patients died within 28
d from the diagnosis of ACLF

4 patients lost to
follow-up before
28 d

6/67 patients died within 28 d
from the diagnosis

7 patients lost to
follow-up between
28 and 90 d

11/60 patients died within
90 d from the diagnosis

17/24 patients died within 90 d
from the diagnosis of AD
18/24 patients died within 90 d
from the diagnosis of ACLF

Figure 1 Flowchart of patients through the study. No patient was submitted to orthotopic liver transplantation. ICD-10: International Classification of Diseases, 10th
revision; ACLF: Acute-on-chronic liver failure; AD: Acute decompensation of cirrhosis.

those with AD evolving to ACLF. Moreover, mean serum
C-reactive protein was approximately three times
higher in the ACLF group compared to the AD group
(77.5 mg/dL vs 25.5 mg/dL, P = 0.003).
Median survival times for ACLF group (11.0 d)
and AD evolving to ACLF group (32.0 d) did not differ
significantly (P = 0.247). Merging the ACLF and the AD
evolving to ACLF groups into a single cohort yielded a
median survival time of 27.0 d (95%CI: 7.97-46.03;
data not shown), which differed significantly from
the median survival of 239 d of the AD group (P <
0.001). The AD group had significantly lower 28-d
(9.0%) and 90-d (18.3%) mortality as compared to
the AD evolving to ACLF group and to the ACLF group
(both P < 0.001). The latter groups had comparable
28-d and 90-d mortalities (P = 0.542 and P = 0.708,
respectively). At 28 d from the diagnosis of ACLF (either
at admission or during hospitalization), 54.8% (23/42)
of patients had died, whereas, at 90 d, 78.6% (33/42)
of them had died. One patient from the ACLF group
and seven others from the AD group died after 90 d of
follow-up. Kaplan-Meier analysis revealed that patients
with ACLF grades 1, 2, and 3 had significantly different
survivals (Mantel-Cox P = 0.031), with median survival
times of 29.0 d (95%CI: 4.3-53.7), 15.0 d (95%CI:
0.0-52.2), and 3.7 d (95%CI: 0.0-14.2) respectively
(data not shown). No patient was submitted to OLT.
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Figure 2 depicts the Kaplan-Meier survival analysis, and
Table 3 shows median survival times and mortalities
according to group.
Figure 3 illustrates the ROC curves for mortality
of several prognostic scores at 28 and 90 d from the
diagnosis of either AD or ACLF. Since 24 patients
developed ACLF during hospitalization, they contributed
with data to both the CLIF-C AD and the CLIF-C ACLF
ROC curves. One patient from the AD group did not
have sufficient data to calculate CLIF-C AD score and
was excluded from ROC curve analyses. Four patients
from the AD group had follow-ups shorter than 28 d,
hence they were also excluded from the 28-d and 90-d
ROC curves. Furthermore, another seven individuals
from the AD group were lost to follow-up between 28
and 90 d and were excluded from the 90-d ROC curve.
Among patients with ACLF, at 28 d from the diagnosis,
CLIF-C ACLF was the only score able to predict
mortality significantly better than the reference line,
with an AUC of 0.71 (95%CI: 0.54-0.88, P = 0.021).
Considering a pretest probability of death at 28 d of
54.8% (23/42 patients with the diagnosis of ACLF at
some point of the study), a CLIF-C ACLF score cutoff of 40 points yielded 100% sensitivity (Se), 37%
specificity (Sp), 100% negative predictive value (NPV),
and 65.8% positive predictive value (PPV), whereas a
cut-off of 60 points yielded 4% Se, 100% Sp, 46.2%
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Table 1 Baseline clinical characteristics and acute-on-chronic liver failure grade according to group
AD (n = 71)
No.
mean
Sex
Male
Age (yr)
Primary etiology of cirrhosis
Alcohol
HBV
HCV
NASH
Other
Main cause of current hospital admission
SBP
Ascites - not SBP
Encephalopathy
Alcoholic hepatitis
Digestive bleeding
Sepsis
Other
No. of previous hospitalizations
Alcohol consumption in the past three
months
Yes
West Haven HE grade at admission
No HE
Grades Ⅰ and Ⅱ
Grades Ⅲ and Ⅳ
Vasopressor at admission
Yes
Mechanical ventilation at admission
Yes
Mean arterial pressure (mmHg), n = 111
PaO2/FiO2 (mmHg), n = 17
SpO2/FiO2, n = 113
Child-Pugh score, n = 110
MELD score, n = 111
MELD-Na score, n = 111
CLIF-C OF score, n = 111
ACLF grade1
ACLF grade 1
ACLF grade 2
ACLF grade 3

AD evolving to ACLF
(n = 24)
No.
%
mean
SD

%
SD

ACLF (n = 18)
No.
mean

%
SD

ANOVA/
2
pearson χ
P value
0.259

48
57.8

67.6%
10.2

13
62.6

54.2%
8.0

14
61.3

77.8%
12.9

23
4
34
4
6

32.4%
5.6%
47.9%
5.6%
8.5%

11
0
9
1
3

45.8%
0.0%
37.5%
4.2%
12.5%

9
0
6
2
1

50.0%
0.0%
33.3%
11.1%
5.6%

0
20
15
2
21
0
13
2.4

0.0%
28.2%
21.1%
2.8%
29.6%
0.0%
18.3%
4.7

3
7
6
2
2
0
4
2.5

12.5%
29.2%
25.0%
8.3%
8.3%
0.0%
16.7%
3.4

2
1
5
1
4
1
4
2.2

11.1%
5.6%
27.8%
5.6%
22.2%
5.6%
22.2%
3

10

14.1%

6

25.0%

3

16.7%

54
13
4

76.1%
18.3%
5.6%

15
9
0

62.5%
37.5%
0.0%

7
7
4

38.9%
38.9%
22.2%

0

0.0%

0

0.0%

1

5.6%

0
95.5
476.0
461.4
8.0
13.0
14.0
6.5

0.0%
18.3
173.5
21.9
2.0
3.6
4.6
0.8

0
95.7
380.0
457.3
9.9
21.7
23.8
6.9

0.0%
18.0
No SD (n = 1)
16.6
1.9
6.5
5.8
1.0

3
79.9
352.4
399.7
10.3
23.4
23.9
9.1

16.7%
22.7
152.5
130.7
1.8
7.2
8.9
1.7

0.008
0.341
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

NA
NA
NA

NA
NA
NA

17
2
5

70.8%
8.3%
20.8%

13
4
1

72.2%
22.2%
5.6%

1.000
0.3752
0.2142

0.097
0.592

0.035

0.972
0.683

0.005

0.070
< 0.001

1

For AD evolving to ACLF group, ACLF grade refers to classification at the time of ACLF diagnosis, not at the time of hospital admission; 2Fisher’s exact
test. AD: Acute decompensation of cirrhosis; ACLF: Acute-on-chronic liver failure; ANOVA: Analysis of variance; HBV: Hepatitis B virus; HCV: Hepatitis
C virus; NASH: Non-alcoholic steatohepatitis; SBP: Spontaneous bacterial peritonitis; HE: Hepatic encephalopathy; PaO 2: Arterial oxygen pressure; FiO2:
Inhaled oxygen fraction; SpO2: Partial oxygen saturation; MELD: Model for End-Stage Liver Disease; MELD-Na: MELD sodium; CLIF-C OF: Chronic Liver
Failure Consortium Organ Failure; NA: Not applicable.

reference line, with comparable AUCs: CLIF-C AD score
0.70 (95%CI: 0.57-0.82), CP score 0.73 (95%CI:
0.62-0.84), MELD score 0.71 (95%CI: 0.59-0.83),
MELD-Na score 0.73 (95%CI: 0.62-0.84), and CLIF-C
OF score 0.65 (95%CI: 0.52-0.78). Considering a
pretest probability of death at 90 d of 33.3% (28/84
patients; 95 patients with AD at admission minus 11
individuals lost to follow-up), a CLIF-C AD score cutoff of 45 points yielded 93% Se, 20% Sp, 85.1% NPV,
and 36.7% PPV, while a cut-off of 60 points yielded
25% Se, 90.9% Sp, 70.8% NPV, and 57.8% PPV. The
optimum cut-off value for this study was 53.4 points,
which returned 65.5% Se and 72.2% Sp.
Univariate analysis for death at any given time

NPV, and 100% PPV. The optimum cut-off value for the
present study was 43.9 points, which returned 82.6%
Se and 57.9% Sp. None of the several prognostic
scores was superior to the reference line regarding
90-d mortality.
Regarding 28-d mortality among patients with AD,
all the prognostic scores performed significantly better
than the reference line and had similar AUCs when
compared to each other: CLIF-C AD score 0.75 (95%CI:
0.63-0.88), CP score 0.72 (95%CI: 0.59-0.85), MELD
score 0.75 (95%CI: 0.61-0.90), MELD-Na score 0.76
(95%CI: 0.61-0.90), and CLIF-C OF score 0.74 (95%CI:
0.60-0.88). At 90 d from the diagnosis, all prognostic
scores also performed significantly better than the
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Table 2 Baseline laboratory findings according to group
AD (n = 71)
Total bilirubin (mg/dL), n = 112
Serum creatinine (mg/dL), n = 113
INR, n = 112
White-cell count (109 cells/L), n = 113
Serum sodium (mmol/L), n = 113
Serum albumin (g/dL), n = 112
Serum C-reactive protein (mg/L), n = 47

AD evolving to ACLF (n = 24)

ACLF (n = 18)

ANOVA

Mean

SD

Mean

SD

Mean

SD

P value

2.1
1.0
1.4
6.9
138.4
3.0
25.5

2.2
0.3
0.3
3.7
3.9
0.6
33.0

5.1
1.2
1.5
8.8
136.1
2.7
41.9

5.3
0.4
0.5
3.6
4.3
0.5
32.0

5.7
2.1
1.8
12.6
137.6
2.7
77.5

7.2
0.8
0.4
6.1
5.6
0.5
61.7

< 0.001
< 0.001
< 0.001
< 0.001
0.070
0.006
0.003

AD: Acute decompensation of cirrhosis; ACLF: Acute-on-chronic liver failure; ANOVA: Analysis of variance; INR: International normalized ratio.

Table 3 Survival time and mortality according to group
Group (group symbol)

Survival time
Median (d)
Estimate
239
32

(95%CI)
(166.4-311.6)
(0.0-64.4)

ACLF (C), n = 18

11

(2.7-19.3)

Overall, n = 113

165

(117.7-212.3)

AD (A), n = 71
AD evolving to ACLF (B), n = 24

1

1

Mantel-Cox

28-d mortality

Mortality
90-d mortality

P value
Reference group
B vs A < 0.001;
B vs C = 0.247
C vs A < 0.001;
B + C vs A < 0.001
Not applicable

n (%)
6/67 (9.0)2
12/24 (50.0)2,3

n (%)
11/60 (18.3)2
18/24 (75.0)2,3

Death at any point
during the study
n (%)
18/60 (30.1)2
18/24 (75.0)2,3

11/18 (61.1)2,3

15/18 (83.3)2,3

16/18 (88.9)2,3

29/109 (26.6)

44/102 (43.1)

52/102 (51.0)

1

Survival time and mortality for group B regards to time elapsed from the diagnosis of ACLF; 2Pearson’s χ 2 P values < 0.001 for comparisons across all
groups; 3Fisher’s exact test P values for comparisons between groups B and C were 0.542, 0.708, and 0.431 for 28-d mortality, 90-d mortality, and death at
any point during the study, respectively. AD: Acute decompensation of cirrhosis; ACLF: Acute-on-chronic liver failure.

AD
AD evolving to ACLF
ACLF
AD - censored
AD evolving to ACLF - censored
ACLF - censored

1.0

Cumulative survival

0.8
0.6

DISCUSSION
Considering the high prevalence, mortality and
impact on the healthcare systems associated to
cirrhosis decompensations, it is of great importance to
develop tools which could better predict outcomes of
[1]
cirrhotic patients . The present study demonstrated
that CLIF-C ACLF is the best available score for the
prediction of 28-d mortality among patients with
[5]
ACLF, as previously suggested , but it was unable
to demonstrate the same regarding 90-d mortality,
probably because most of the deaths in this group
of patients occurred early in their follow-up. On the
other hand, while this study also demonstrated that
CLIF-C AD was useful for the prediction of 28-d
and 90-d mortalities among patients with AD not
fulfilling diagnostic criteria for ACLF, it failed to identify
superiority when compared to other scores, some of
them already routinely used worldwide. This finding
differs from that of the study that originally proposed
CLIF-C AD score, in which it performed better than
other scores, at least for the prediction of 90-d
[6]
mortality . This could be explained by our sample
of patients with AD not being large enough in order
to detect a difference between the performance of
CLIF-C AD score and that of other prognostic scores.
Nevertheless, it is important to remind that our sample
was sufficiently large to demonstrate that CLIF-C AD
score had an AUC significantly greater than that of the

Logrank (Mantel-Cox)

P < 0.001

0.4
0.2

0
25
50

75
10
0
12
5
15
0
17
5
20
0
22
5
25
0

0.0

Time to death or end of follow-up (d)

Figure 2 Kaplan-Meier survival analysis. AD: Acute decompensation; ACLF:
Acute-on-chronic liver failure.

during the study was performed. The covariates
evaluated were sex, alcohol ingestion three months
prior to admission, alcohol-induced cirrhosis, digestive
bleeding, SBP, history of any previous hospitalization,
CLIF-C OF score, CLIF-C AD score, CLIF-C ACLF
score, CP score, MELD, and MELD-Na. According to
the univariate analysis, the only variable associated to
death was CLIF-C ACLF score (P = 0.009). Considering
that the univariate analysis identified only one variable
associated to this outcome, a multivariate analysis was
not performed.
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A

B

28 d
ROC curve

1.0

1.0
0.8
Source of the curve
CLIF-C ACLF
Child-Pugh
MELD-Na
MELD
CLIF-C OF
Reference line

0.6
0.4

n = 42;

Sensitivity

ACLF

Sensitivity

0.8

0.0

0.2

0.4

0.6

0.8

0.6
0.4

AUC for CLIF-C ACLF (95%CI):
0.70 (0.48-0.92);
P = 0.068

0.2
0.0

1.0

0.0

0.2

1 - specificity

D

ROC curve

1.0

AD

Sensitivity

0.8

0.4

n = 90;

0.0

0.2

0.4

0.6

0.8

1.0

0.8

ROC curve

1.0

Source of the curve
CLIF-C AD
Child-Pugh
MELD-Na
MELD
CLIF-C OF
Reference line

0.6
0.4

n = 83;

AUC for CLIF-C AD (95%CI):
0.75 (0.60-0.89);
P = 0.003
0.0

0.6

0.8

Source of the curve
CLIF-C AD
Child-Pugh
MELD-Na
MELD
CLIF-C OF
Reference line

0.6

0.2

0.4

1 - specificity

Sensitivity

C

Source of the curve
CLIF-C ACLF
Child-Pugh
MELD-Na
MELD
CLIF-C OF
Reference line

n = 42;

AUC for CLIF-C ACLF (95%CI):
0.71 (0.54-0.88);
P = 0.021

0.2
0.0

90 d
ROC curve

AUC for CLIF-C AD (95%CI):
0.70 (0.57-0.82);
P = 0.004

0.2
0.0

1.0

1 - specificity

0.0

0.2

0.4

0.6

0.8

1.0

1 - specificity

Figure 3 Receiver operating characteristic curves of prognostic scores regarding 28-d and 90-d mortality. A: Receiver operating characteristic (ROC) curves
of several scores regarding 28-d mortality in patients diagnosed with acute-on-chronic liver failure (ACLF). B: ROC curves of several scores regarding 90-d mortality in
patients diagnosed with ACLF. C: ROC curves of several scores regarding 28-d mortality in patients diagnosed with acute decompensation of cirrhosis (AD). D: ROC
curves of several scores regarding 90-d mortality in patients diagnosed with AD. CLIF-C ACLF: Chronic liver failure-consortium acute-on-chronic liver failure score;
CLIF-C AD: Chronic liver failure-consortium acute decompensation score; MELD: Model for End-Stage Liver Disease; MELD-Na: MELD sodium; CLIF-C OF: Chronic
liver failure-consortium organ failure score; AUC: Area under the curve.

reference line.
In the present study, ACLF was diagnosed in 37%
of patients with decompensated cirrhosis, which
[10]
is similar to what was previously reported . The
group of patients that fulfilled the diagnostic criteria
for ACLF had a median survival time of 27 d, which
differed significantly from the median survival of 239
d of the AD group (P < 0.001), corroborating the idea
that ACLF is a distinct syndrome with an elevated
[3]
short-term mortality . Moreover, as also previously
[3]
described , the prognosis of patients diagnosed
with ACLF at hospital admission was not significantly
different from that of patients who developed ACLF
during hospitalization. Therefore, patients should be
managed similarly irrespective of the moment of the
diagnosis of ACLF.
The poor prognosis of ACLF was also demonstrated
in a North American population of infected cirrhotic
patients. In that study, 30-d survival was 51.3%
for patients with ACLF and 91.4% for those without
[11]
ACLF , which is similar to what we found (28-d
survival of 38.9% for patients with ACLF and 91%
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for those without ACLF). Nevertheless, it is important
to highlight that the definition of ACLF used in that
study is not the same as that suggested by the CLIF
Consortium and used in the present study.
Using the CLIF Consortium definition of ACLF,
[12]
Soares e Silva et al
also showed that ACLF was a
strong predictor of short-term mortality in a Brazilian
population. Similar findings were described as well in a
[13]
recent Argentina study . However, to the best of our
knowledge, the present study is the first to validate
CLIF-C AD and CLIF-C ACLF scores outside Europe.
Other interesting finding of our study is that
patients with ACLF more frequently had alcoholrelated cirrhosis and less frequently had hepatitis C
virus. These results are similar to those reported in the
[3]
CANONIC study and also corroborate what Jeong
[14]
et al have shown in their paper.
ACLF differs from traditional decompensated
cirrhosis, not only because of the presence of organ
failure(s) and higher mortality rate, but also because
it happens more frequently in younger patients and
in those with an alcoholic etiology of cirrhosis, as
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well as because it is associated to higher prevalences
of some precipitating events (bacterial infections,
active alcoholism, among others), and to a higher
[10]
level of systemic inflammation . As expected, in our
study, we found that serum C-reactive protein and
leukocyte count were significantly higher in the ACLF
group compared to the AD group. This corroborates
[15]
the systemic inflammation hypothesis , which
suggests that ACLF is caused by an aggravation
of systemic inflammation and by the associated
systemic circulatory dysfunction already present in
decompensated cirrhosis. According to this hypothesis,
these processes would lead to organ failures as a
consequence of hypoperfusion and the direct deleterious
effects of inflammatory mediators on microcirculation
[15]
and on cell physiology homeostasis . The systemic
inflammation hypothesis was based on the CANONIC
study, in which it was observed a close relationship
between blood leukocytes and C-reactive protein
[3]
levels and the presence and severity of ACLF . In
this context, the association between the course of
systemic inflammation and the course of ACLF was
[16]
also recently demonstrated . The relevance of the
inflammatory state to the prognosis of cirrhotic patients
is such that prognostic models incorporating C-reactive
[17,18]
protein are also being studied
.
Among the strengths of the present study, one
must highlight its prospective character and the large
sample of patients enrolled in a single centre. On the
other hand, this study also presents limitations. One
of the limitations, contradictorily, regards the fact that
this was a single-center study, and its results might
not reflect the reality elsewhere. For instance, despite
being one of the largest hospitals in southern Brazil,
our institution does not have a liver transplantation
program, which does not preclude patients from being
referred to others hospitals, but might explain why
none of the studied patients was submitted to OLT.
Nevertheless, we understand that the characteristics
of our institution are similar to those of the majority
of tertiary hospitals in Brazil and probably in Latin
America and, therefore, we believe in the external
validity of our findings.
Another limitation is the fact that we did not
perform a sequential assessment of ACLF status and
of the scores of the patients during hospitalization,
[19,20]
which has recently been demonstrated useful
. This
assessment was not planned prior to data collection,
and we did not have sufficient data to perform it.
Yet another limitation of this study concerns missing
data for some of the evaluated parameters, which is
explained by the fact that authors did not interfere with
the management of the patients. However, it should be
noticed that the main analyses of this study were not
affected by missing data.
In conclusion, in order to improve the quality of
care of cirrhotic patients, it is of the utmost importance
to be able to accurately predict the prognosis of
decompensated cirrhosis. This study has shown that
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CLIF-C ACLF is the most accurate score to predict
mortality of patients with ACLF in a Brazilian setting.
Moreover, it has demonstrated that CLIF-C AD score
is also useful for the prediction of mortality among
cirrhotic patients with AD not fulfilling diagnostic
criteria for ACLF, but it was not superior to other wellestablished prognostic scores.
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Abstract
Hepatic encephalopathy (HE) remains a diagnosis
of exclusion due to the lack of specific signs and
symptoms. Refractory HE is an uncommon but serious
condition that requires the search of hidden precipitating
events (i.e. , portosystemic shunt) and alternative
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by a clinical event that exacerbates the toxic effects of
ammonia and other substances on the brain. The search
and adequate treatment of such precipitating factors
are fundamental to revert the HE of these patients.
Refractory HE is an uncommon but serious condition
that requires the search of alternative diagnosis and
non-identified precipitating factors.
Hypothyroidism shares clinical manifestations with
HE, such as disturbances in memory and attention,
and is considered in the differential diagnosis of HE.
However, little is known on whether hypothyroidism
coexists with or precipitates HE. Herein, we describe a
patient with a large portosystemic shunt who developed
refractory HE during post-ablative hypothyroidism. The
case’s clinical manifestations, electroencephalographic
pattern and magnetic resonance imaging (MRI) and
spectroscopy (MRS) findings were consistent with
HE. Treatment with thyroid hormone normalized
ammonia levels and improved clinical alterations and
electroencephalograph (EEG). MRI and MRS showed
an improvement in markers of ammonia toxicity,
suggesting that hypothyroidism might increase brain
exposition to ammonia and precipitate HE. This case
led us to consider hypothyroidism not only in the
differential diagnosis, but also as a precipitating factor
of HE.

diagnosis. Hypothyroidism shares clinical manifestations
with HE and is usually considered within the differential
diagnosis of HE. Here, we describe a patient with
refractory HE who presented a large portosystemic
shunt and post-ablative hypothyroidism. Her cognitive
impairment, hyperammonaemia, electroencephalograph
alterations, impaired neuropsychological performance,
and magnetic resonance imaging and spectroscopy
disturbances were highly suggestive of HE, paralleled
the course of hypothyroidism and normalized after
thyroid hormone replacement. There was no need for
intervention over the portosystemic shunt. The case
findings support that hypothyroidism may precipitate
HE in cirrhotic patients by inducing hyperammonaemia
and/or enhancing ammonia brain toxicity. This case led
us to consider hypothyroidism not only in the differential
diagnosis but also as a precipitating factor of HE.
Key words: hepatic encephalopathy; hypothyroidism;
cognitive impairment; cirrhosis; portosystemic shunt;
Magnetic resonance spectroscopy
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatic encephalopathy (HE) remains a
diagnosis of exclusion due to the lack of specific signs
and symptoms. Refractory HE requires the search of
hidden precipitating events and alternative diagnosis.
We describe a patient with refractory HE who pre
sented with large portosystemic shunt and postablative hypothyroidism. Her cognitive impairment,
hyperammonaemia, electroencephalograph alterations,
impaired neuropsychological performance and magnetic
resonance imaging and spectroscopy disturbances
suggestive of HE paralleled the course of hypothyroidism
and improved after thyroid hormone replacement.
The case findings support that hypothyroidism
may precipitate HE in cirrhotic patients by inducing
hyperammonaemia and/or enhancing ammonia brain
toxicity.

CASE REPORT
A 58-year-old woman with the diagnosis of chronic
and refractory HE in the setting of liver cirrhosis and
large portosystemic shunt was referred to our Liver
Unit from a secondary hospital. Her liver disease
was diagnosed in 2011 when she presented her
first episode of overt HE (type C, grade Ⅱ). Due to a
history of alcohol abuse for years and other causes of
liver disease being ruled out, a diagnosis of alcoholic
cirrhosis Child-Pugh B7 was established. The patient
had no ascites nor hepatocellular carcinoma, and
primary prophylaxis with propranolol because of
oesophageal varices grade Ⅱ-Ⅲ/Ⅳ was started. At
that time, the patient abandoned alcohol consumption,
and remained asymptomatic and compensated from
the liver point of view.
As comorbidities, the patient had diabetes
mellitus, arterial hypertension and multinodular goitre
diagnosed in 2011 in a pre-toxic state. In January
2012, she started carbimazole and received radioiodine
therapy in February 2012 because of hyperthyroidism.
Carbimazole was stopped after 4 mo, and treatment
with levothyroxine (October 2012-April 2013) was
subsequently started because of post-ablative
hypothyroidism. In August 2013, carbimazole was
restarted due to recurrent toxic multinodular goitre,
and a second session of radioiodine was administered
in November 2014. Carbimazole was stopped at the
end of November 2014 and levothyroxine was again
prescribed in middle of January 2015 because of

Díaz-Fontenla F, Castillo-Pradillo M, Díaz-Gómez A, IbáñezSamaniego L, Gancedo P, Guzmán-de-Villoria JA, FernándezGarcía P, Bañares-Cañizares R, García-Martínez R. Refractory
hepatic encephalopathy in a patient with hypothyroidism:
another element in ammonia metabolism. World J Gastroenterol
2017; 23(28): 5246-5252 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i28/5246.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i28.5246

INTRODUCTION
Hepatic encephalopathy (HE) is a brain dysfunction
that frequently affects patients with chronic liver failure.
Its symptoms and signs are not specific and may also
[1]
be present in other causes of brain dysfunction . In
cirrhotic patients, an episode of HE is usually triggered
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Figure 1 Electroencephalograph and magnetic resonance findings at baseline and after treatment with thyroid hormone. A: EEG at baseline showing slow
activity and generalized triphasic waves; B: EEG after treatment showing normalization of brain activity; C: T1-weighted MRI showed high-signal in basal ganglia at
baseline; D: T1-weighted MRI performed after thyroid hormone replacement showed non-significant changes; E: FLAIR MRI sequence at baseline demonstrated
subtle periventricular white matter hyperintensities; F: FLAIR MRI image after thyroid hormone replacement demonstrated a normalization of periventricular white
matter signal abnormalities. EEG: Electroencephalograph; MRI: Magnetic resonance imaging.

subclinical hypothyroidism (thyroid-stimulating hormone
(TSH) 8 mUI/L, normal range: 0.5-4.5 mUI/L).
In February 2015, the patient was admitted to
another hospital because of a subacute neurological
syndrome consistent with daily hypersomnia, dysarthria,
mental slowness, bizarre behaviour (“she wanted to
turn on the TV with her keys”) and diminished voluntary
movements. At the physical exam, she was conscious
and oriented, although she presented mental slowness
and slow speech rate, shortened attention span and
irritability. The patient had asterixis, with no other
evident motor or neurological alterations. Laboratory
test showed mild macrocytosis, with no other ab
normalities and the brain computed tomography (CT)
scan was also normal. Precipitating factors were not
found (no infection, gastrointestinal bleeding or recent
alcohol abuse was documented) and oral and rectal
lactulose was started, producing adequate laxative
response. However, rifaximin was added because of lack
of clinical efficacy.
An EEG was performed and showed slow activity
with the presence of generalized triphasic waves (Figure
1A). Because of persistent neurological impairment
consistent with HE, an abdominal CT scan searching
for portosystemic shunts was performed and revealed
a large shunt communicating portal and left renal
veins. The patient was then referred to our tertiary
hospital for shunt embolization.
At admission, the patient showed similar neuro
logical status with hypersomnia, mental slowness,
shortened attention span, and memory difficulties, but
was oriented in time and space. Asterixis and temporal
disorientation was occasionally present but other

WJG|www.wjgnet.com

neurological abnormalities were not observed. She
reported pronounced constipation and gained weight
of 3 kg within the last weeks. During her stay in the
hospital, she remained neurologically stable despite
high doses of oral lactulose (with adequate daily bowel
movements) and rifaximin, developing occasionally
confusion, disorientation and asterixis without clear
precipitating factor and with partial response to
lactulose intensification.
Laboratory testing (Table 1) showed macrocytosis
without anaemia and hyperammonaemia and thyroid
test demonstrated hypothyroidism (TSH 70 mUI/L
and T4 0.6 ng/dL; normal range: 0.6-1.4 ng/dL). A
Psychometric Hepatic Encephalopathy Score (PHES)
was performed and showed a pathological performance
with a score of 9 SD below the reference population
(Table 1). MRI and MRS were performed using 1.5T
equipment (Figure 1C-F). T1-weighted hyperintensity
in basal ganglia (Figure 1C) and periventricular white
matter high signals on FLAIR sequence were shown
(Figure 1E).
A therapeutic decision of treating and resolving
first hypothyroidism and re-evaluating the patient
afterwards was based on three aspects: (1) time
course (neurological impairment is coincident with
the progression of thyroid disturbance); (2) lack of
previous neurological impairment attributable to portosystemic shunt (completely asymptomatic over the
past 4 year); and (3) although many symptoms of the
patient could be attributable to either hypothyroidism
or HE, some others (constipation and weight gain)
were highly indicative of thyroid dysfunction that could
potentially contribute to the clinical syndrome.
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was observed (Figure 1B). MRI showed no changes
in the hyperintensity in basal ganglia on T1-weighted
images (Figure 1D) but it showed an improvement in
periventricular white matter hyperintensities on FLAIR
images (Figure 1F). Single voxel proton MRS located
in the right centrum semiovale (Table 1) showed a
decrease in the glutamate-glutamine/creatine peak
(Glx/Cr), together with an increase in the myoinositol/
creatine (mI/Cr) and choline/creatine (Cho/Cr) peaks
at short echo-time (23 ms).
We considered that currently there was no need
for an intervention over the porto-systemic shunt. Her
routine follow-up showed that she is clinically stable
and asymptomatic under medical treatment (carvedilol
6.25 mg/12 h, levothyroxine 112 µg/d, sitagliptin 50
mg/d and lactulose occasionally).

Table 1 Anthropometric, laboratory, neuropsychological and
spectroscopic data of the patient at hospital admission and 1
year after discharge
March 2015
Anthropometric
Weight in kg
BMI
Laboratory
Hb in g/dL
MCV
Leucocytes as 103/µL
Platelets as 103/µL
INR
AST in U/L
ALT in U/L
GGT in U/L
AP in U/L
Albumin in g/dL
Bilirubin in mg/dL
Creatinine in mg/dL
Na in mmol/L
Child-Pugh
MELD
Ammonia in µmol/L
Thyroid function
TSH in mUI/L
T4free in ng/dL
PHES
Symbol digit test as points
Number connection test A in s
Number connection test B in s
Serial dotting test in s
Line tracing test as seconds + errors
Final score
Magnetic resonance spectroscopy
Glx/Cr
Cho/Cr
mI/Cr

May 2016

75
28.2

72
27.7

12.7
103.8
3.9
120
1.18
33
41
145
90
3.3
1
0.59
139
B (7)
8
62

15.3
98.8
5.7
165
1.14
31
34
165
116
4.3
1.3
0.5
144
A (6)
9
23

69.86
0.6

2.66

8
78
514
79
200
-9
1.884
0.934
0.064

DISCUSSION
Since hypothyroidism shares symptoms with HE, it
is considered within the differential diagnosis of HE.
However, there is scarce information on whether
hypothyroidism may coexist and even precipitate
HE and on how to attribute brain dysfunction to one
or the other entity. The present report supports the
role of hypothyroidism as a precipitating factor of HE
by inducing hyperammonaemia and illustrates the
difficulties in diagnosing HE when it coexists with other
causes of brain dysfunction.
The lack of specific symptoms or laboratory tests
that ensure the diagnosis of HE make therapeutic
decisions sometimes difficult. A practical approach
would be treating all the potential aetiologies of brain
dysfunction, but this may not be the optimal strategy
if it involves aggressive treatments with high risk
of serious complications. Shunt embolization may
be a good option in patients with HE secondary to
portosystemic shunts, but such patients should be
carefully selected since a rise in portal pressure with
risk of variceal bleeding and ascites may occur.
The question, whether the neurological impairment
was caused by the hypothyroidism or was attributable
to the large portosystemic shunt, was very important
to make further therapeutic decisions. Although both
hypothyroidism and HE may present with mental
[1]
slowness and memory impairment , asterixis and
disorientation are more commonly observed in HE. Our
patient’s EEG pattern (slow activity and generalized
triphasic waves) is characteristic of, although not
[2]
specific for, HE and has seldom been reported in
[3]
hypothyroidism . Furthermore, MRI depicted on T1weighted images high signal in basal ganglia, which
is frequently seen in patients with cirrhosis or portalsystemic shunts. Besides, FLAIR sequences showed
high signal intensity in hemispheric white matter. This
finding has been shown to improve after resolution of
episodic HE or liver transplantation (LT) and has been
[4]
attributed to mild brain oedema . All these findings

34
25
73
37
100
1
0.439
1.204
0.529

ALT: Alanine aminotransferase; AP: Alkaline phosphatase; AST: Aspartate
aminotransferase; BMI: Body mass index; Cho/Cr: Choline/creatine; GGT:
Gamma-glutamine transferase; GLx/Cr: Glutamate-glutamine/creatine;
Hb: Haemoglobin; INR International normalized ratio; MCV: Mean
corpuscular volume; MELD: Model for end-stage liver disease; mI/Cr:
Myoinositol/creatine; T4free: free thyroxine; TSH: Thyroid-stimulating
hormone.

Increasing levothyroxine dose resulted in steady
clinical and laboratory improvements. At 1 wk later,
the patient was discharged under levothyroxine 75
µgr/d, rifaximin 600 mg/12 h, lactulose and carvedilol
6.25 mg/12 h leading to clinical improvement and
restoration of thyroid function in the following 4 wk.
She had no admission or decompensations during the
next months, rifaximin was removed and lactulose was
used occasionally.
The patient was re-evaluated 1 year later. She was
completely asymptomatic, fully active, back to work
without mental complaints, as reported by her and
her relatives. She had stable liver disease (Table 1),
normal thyroid function and venous ammonia levels.
Her performance at PHES improved dramatically in
all the tests, with a final score within the reference
population. Similarly, an improvement in her EEG
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Table 2 Clinical cases of patients with hypothyroidism and hyperammonaemia reported in the literature
Year

Ref.

Clinical presentation

Thyroid disease

Liver disease

Evolution

1992

Hitoshi et al[6]

Mild dementia, slow speech,
hyperreflexia, dysmetria, asterixis
with hyperammonaemia.
Progression to coma despite lactulose
treatment.

Hypothalamic
hypothyroidism

Cirrhosis and portal
hypertension

Thyroid hormone replacement
improved:

1999

De Nardo et al[7]

2000

Thobe et al[8]

Hypothyroidism

Hoarseness, fatigue, tongue swelling, Primary hypothyroidism
myopathy. Hyperammonaemia.

Coma, hyperammonaemia.

none

Primary hypothyroidism

Compensated
cirrhosis

Unresponsive to lactulose.

2001

Yamamoto et al[9]

Dysarthria, disorientation.

Primary hypothyroidism

Decompensated
cirrhosis

2007

Rimar et al[10]

Coma, hyperammonaemia.
Unresponsive to lactulose.

Primary hypothyroidism

Compensated
cirrhosis

2007

Khairy et al[11]

Grade Ⅲ hepatic encephalopathy.

Primary hypothyroidism

Decompensated
cirrhosis

2012

Redkar et al[12]

Coma, hyperammonaemia.
Unresponsive to lactulose.

Primary hypothyroidism

Decompensated
cirrhosis

detoxification in astrocytes, whereas disturbances in
Cho/Cr and mI/Cr have been interpreted as a com
pensatory response to the increased intracellular
osmolality caused by glutamine accumulation. The
severity of these disturbances has been associated with
[5]
HE, and they are reversible following successful LT .
A potential interaction between thyroid status and
ammonia metabolism arose in our patient. Hypera
mmonaemia in patients with hypothyroidism has
been seldom described over the last two decades, and
[6-12]
only in sporadic cases reports
(Table 2). Six out
of seven of these patients (86%) are patients with
liver cirrhosis. All those cirrhotic patients exhibited
clinical manifestations suggestive of HE (grade Ⅰ to
Ⅳ), whereas the subject without liver disease had not.
A common finding in all these cirrhotic patients with
hypothyroidism was that neurological disturbances
were refractory to hypoammonaemic therapy and
improved with thyroid hormone replacement.
The mechanisms by which hypothyroidism may
induce hyperammonaemia are not identified. In a
rodent model, hypothyroidism was associated with
increased urea cycle enzyme activity and decreased

support the diagnosis of HE. However, the parallelism
between the time course of the cognitive impairment
and the hypothyroidism, the lack of response to
hypoammonaemic measures, and the neurological
improvement following normalization of thyroid
function implies a relevant role for hypothyroidism.
Ammonia is thought to have an important role in
HE. In normal conditions, ammonia is mainly generated
in the gut, then is extracted in the liver and eliminated
as urea by the kidney. In liver failure and/or in patients
with portal-systemic shunts, ammonia reaches the
[1]
systemic circulation and the central nervous system .
Ammonia is metabolized to glutamine in astrocytes
through the glutamine synthetase enzyme and both
ammonia and glutamine exert their toxic effects on
the brain. Muscle and kidney glutamine synthetase,
together with kidney glutaminase, also regulate plasma
ammonia levels and they are especially relevant in
the context of liver failure. Patients with cirrhosis
characteristically show an increase in Glx/Cr peak and
a decrease of Cho/Cr and mI/Cr in MRS of the brain.
Abnormalities in Glx/Cr have been interpreted as an
increase in brain glutamine secondary to the ammonia

WJG|www.wjgnet.com

Hyperammonaemia
NRL disturbances
Thyroid hormone replacement
improved:
Hypothyroidism
Hyperammonaemia
Systemic symptoms and myopathy
Thyroid hormone replacement
improved:
Hypothyroidism
Hyperammonaemia
NRL disturbances
Thyroid hormone replacement
improved:
Hypothyroidism
Hyperammonaemia
NRL disturbances
Thyroid hormone replacement
improved:
Hypothyroidism
Hyperammonaemia
NRL disturbances
Thyroid hormone replacement
improved:
Hypothyroidism
NRL disturbances
Thyroid hormone replacement
improved:
Hypothyroidism
Hyperammonaemia
NRL disturbances

5250

July 28, 2017|Volume 23|Issue 28|

Díaz-Fontenla F et al . HE precipitated by hypothyroidism
[13]

post-ablative hypothyroidism.

glutamine synthetase in the liver . However, a
decreased urea synthesis rate was found in women
[14]
with hypothyroid , suggesting a decrease in ammonia
clearance via urea synthesis during hypothyroidism.
We are not aware of data regarding a potential effect
of thyroid hormone on muscle glutamine synthetase or
gut glutaminase, which could also influence ammonia
metabolism. A potential mechanism could involve
thyroid hormone impact on glutamine synthetase
activity not only in liver but also in muscle and kidney.
A decrease in glutamine synthetase activity during
hypothyroidism could contribute to hyperammonaemia
that might revert with thyroid function restitution.
Hashimoto’s encephalopathy, an autoimmune
disease of the thyroid gland, may manifest as a wide
range of neurological symptoms. It could lead to hypo
thyroidism and should be considered when evaluating
patients with neurological disturbances refractory to
standard therapy.
As in previous reports, our patient exhibited
clinical manifestations suggestive of HE as well as
hyperammonaemia refractory to hypoammonaemic
measures, both of which reversed with thyroid
hormone. Additionally, thyroid hormone replacement
was also linked to an improvement in the peri
ventricular white matter hyperintensities on FLAIR
images and in MRS results, with a decreased in
the Glx/Cr peak and an increase in the mI/Cr and
Cho/Cr peaks. This novel observation supports that
neurological disturbances were concomitant with
hyperammonaemia and higher brain exposition to
ammonia consistent with HE.
In conclusion, this clinical case shows that hypo
thyroidism is associated with hyperammonaemia and
enhanced ammonia brain exposition. In agreement
with the few cases previously reported, these data
support that hypothyroidism may precipitate HE in
cirrhotic patients by inducing hyperammonaemia
and/or enhancing ammonia brain toxicity. Therefore,
patients with cirrhosis and refractory HE should be
evaluated for hypothyroidism, particularly if aggressive
treatments are being considered.

Differential diagnosis

The main differential diagnosis was neurological disturbances secondary to
hypothyroidism vs refractory HE secondary to portosystemic shunt. The clinical,
laboratory, electroencephalograph (EEG) and magnetic resonance imaging
findings, together with the clinical resolution following thyroid replacement,
support the role of hypothyroidism as a precipitating event of HE.

Laboratory diagnosis

Laboratory tests demonstrated hypothyroidism, hyperammonaemia and
alterations consistent with cirrhosis.

Imaging diagnosis

T1-weighted hyperintensities in basal ganglia and periventricular white matter
high signals on FLAIR sequence, together with markers of brain ammonia
exposition in magnetic resonance, supported the diagnosis of HE.

Treatment

The patient was refractory to standard HE treatment. Thyroid hormone
replacement was associated with clinical resolution of the syndrome, together
with normalization of plasma ammonia levels, neuropsychological performance,
EEG and magnetic resonance markers of brain ammonia exposition.

Related reports

Very few case reports linked refractory neurological impairment in cirrhotic
patients with hypothyroidism. This case shows an improvement in
hyperammonaemia and brain ammonia exposition following thyroid hormone
replacement, which was associated with clinical resolution of neurological
impairment.

Term explanation

HE is a brain dysfunction that frequently affects patients with chronic liver
failure. Its symptoms and signs are not specific and may be present in other
causes of brain dysfunction.

Experiences and lessons

In cirrhotic patients, hypothyroidism may precipitate HE by enhancing ammonia
brain toxicity.

Peer-review

This is an excellent case report describing an incidence whereby hypothyroidism
was a precipitating factor that contributed to a recurrence of HE in a patient with
liver cirrhosis. Overall, the report was very well written, with a clear description
of the time line of events followed by a thorough discussion of the literature and
known interactions between hypothyroidism and HE.
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Abstract
A 65-year-old man with cT1bN0M0 stage Ⅰ middle
thoracic esophageal cancer underwent subtotal
esophagectomy and gastric tube reconstruction through
the posterior mediastinal route after preoperative
carbon-ion radiotherapy and chemotherapy in a
clinical trial. Anastomotic leakage occurred, but it
spontaneously improved. At six months after the
operation, he was rehospitalized with a cough and
dysphagia. An esophago-bronchiole fistula and stenosis
of the gastric tube were observed. He first underwent
stent placement in the gastric tube. Two weeks
later, the syringeal epithelium was burned by argon
plasma coagulation after stent removal. Endoscopic
occlusion was then performed for the fistula with two
guidewire-assisted silicone spigots. Two weeks later,
he was discharged on an oral diet, and he has not
developed recurrence of the fistula or cancer for three
years. This is the first report of endoscopic occlusion
with a guidewire-assisted silicone spigot through the
esophagus.
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Core tip: Anastomotic leakage, which is a complication
of esophagectomy, sometimes causes a refractory
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fistula. An esophago-bronchiole fistula (EBF) is a
relatively rare but serious complication. We performed
endoscopic occlusion using an endobronchial Watanabe
spigot (EWS), a type of silicone bronchial blocker that is
widely used in the respiratory field to treat pulmonary
air leak, hemoptysis and bronchopleural fistula. We
herein report a new and unique technique using the
EWS to close a refractory EBF after esophagectomy.
This report is the first to show that endoscopic
occlusion using the EWS through the esophagus can
simply and safely repair a refractory fistula.
Uesato M, Kono T, Akutsu Y, Murakami K, Kagaya A, Muto Y,
Nakano A, Aikawa M, Tamachi T, Amagai H, Arasawa T, Muto
Y, Matsubara H. Endoscopic occlusion with silicone spigots
for the closure of refractory esophago-bronchiole fistula after
esophagectomy. World J Gastroenterol 2017; 23(28): 5253-5256
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i28/5253.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i28.5253

Figure 1 The radiographic image showed an esophago-bronchiole fistula
from the anastomose to the right B1 bronchiole (arrow) and approximately
5 cm stenosis of the upper gastric tube (arrowhead).

INTRODUCTION
Anastomotic leakage, which is a complication of
esophagectomy, sometimes causes a refractory
[1]
fistula . An esophago-bronchiole fistula (EBF) is a
relatively rare but serious complication. Conventional
therapy, such as hemoclipping, fibrin glue and stenting,
[2-4]
are often performed . However, surgical repair may
be ultimately performed. We herein report a new and
unique technique using an endobronchial Watanabe
spigot (EWS) through the esophagus to close a refrac
tory EBF after esophagectomy.

Figure 2 The epithelium of the esophago-bronchiole fistula was burned
using argon plasma coagulation (arrow).

a 0.035-inch guidewire (Jagwire; Boston Scientific,
Natick, MA, United States) was inserted into the
EBF through an ultrathin endoscope (EG-580NW;
FUJIFILM, Tokyo, Japan). After the endoscope was
removed, a 5-mm endobronchial Watanabe spigot
(EWS; Novatech, La Ciotat, France) was penetrated
through its long axis using the guidewire (Figure 3A).
After inserting a snaretube (MAJ-10; OLYMPUS, Tokyo,
Japan) to the endoscope channel, the guidewire was
retrogradely passed to the endoscope through the
tube. Under fluoroscopic and endoscopic guidance, the
EWS was wedged into the EBF (Figure 3B). Another
7-mm EWS was additionally inserted in a similar
manner. The image just after the insertion showed the
fistula occluded by the EWS (Figure 4A and B). Two
weeks later, he was discharged on an oral diet, and he
has not developed recurrence of the fistula or cancer
for three years (Figure 5A-C).

CASE REPORT
A 65-year-old man with cT1bN0M0 stageⅠmiddle
thoracic esophageal cancer underwent subtotal
esophagectomy and gastric tube reconstruction through
the posterior mediastinal route after preoperative
carbon-ion radiotherapy and chemotherapy in a
clinical trial. Anastomotic leakage occurred, but it
spontaneously improved. There was no residual
cancer in the resected specimen. At six months after
the operation, he was rehospitalized with a cough
and dysphagia. An EBF at the right B1 bronchiole and
stenosis of the gastric tube were observed (Figure
1). The region of the anastomotic leakage and the
region of EBF were same. The patient first underwent
full-covered stent (Flexella-J; ELLA-CS, s.r.o., Hradec
Kralove, Czech Republic) placement in the gastric
tube under fluoroscopic guidance. Two weeks later,
we recognized the release of the stenosis with the
persistent EBF after the stent removal. Hemoclipping
was performed for the fistula but failed. We next
burned the syringeal epithelium by argon plasma
coagulation (Figure 2). At the same time, endoscopic
occlusion was performed. Under fluoroscopic guidance,

WJG|www.wjgnet.com

DISCUSSION
A new and unique technique using a guidewireassisted EWS through the esophagus proved useful for
closing a refractory EBF after esophagectomy.
The patient in the present case had not only an
EBF but also stenosis of the upper gastric tube. Upper
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A

B

Figure 3 The endobronchial Watanabe spigot was penetrated through its long axis by the guidewire (A) (Push and Slide method[9]; B: under fluoroscopic
and endoscopic guidance, the endobronchial Watanabe spigot (arrow) was wedged into the esophago-bronchiole fistula.

A

B

Figure 4 The radiographic image just after the insertion showed the fistula occluded by the endobronchial Watanabe spigot (A, arrow); B: In the
endoscopic image just after occlusion, it was confirmed that the endobronchial Watanabe spigot is in the target fistula.

A

B

C

Figure 5 Since the endoscopic occlusion, the patient has not developed recurrence of the fistula for three years. Two endobronchial Watanabe spigots
remain (A, arrow); B: In the endoscopic image passed for three years after occlusion, the fistula has disappeared; C: In computed tomography passed for three years
after occlusion, two endobronchial Watanabe spigots remain (arrow).

gastric tube is the periphery of the blood flow, had
approximately 5 cm stenosis. We therefore suspect
that the cause of the fistula was the anastomotic
leakage occurred by ischemia. A refractory fistula
commuting with the airway system often causes
pneumonia and respiratory failure. A number of
minimally invasive treatments have been proposed for
[2]
treating a refractory fistula, including hemoclipping ,
[4]
[3]
stenting , polyglycolic acid sheets and fibrin glue
[4]
and over-the-scope clipping . In addition, since these

WJG|www.wjgnet.com

therapies failed in the present case, surgery with a
musculo-cutaneous flap was considered.
Before performing invasive treatment, we attempted
endoscopic occlusion with an EWS, a type of silicone
[5]
bronchial blocker that is widely used in the respiratory
[6]
[7]
field to treat pulmonary air leak , hemoptysis and
[8]
bronchopleural fistula . We selected EWS occlusion
through the esophagus to blockade the nearest portion
of the EBF. The spigot is typically grasped with forceps
and inserted into the affected bronchus using a flexible
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[5]

removal. Endoscopic occlusion was then performed for the fistula with two
guidewire-assisted silicone spigots.

bronchoscope . However, because fistulas of the
digestive system are more irregular than those in the
tracheal route, it can be difficult to insert the EWS using
forceps. Therefore, in the present case, a guidewire
was first inserted, and then the EWS was placed along
the guidewire.
[9]
In 2003, Miyazawa et al first reported the
“Push and Slide” method in Japanese. Recently, the
usefulness of endobronchial occlusion for massive
hemoptysis with a guidewire-assisted custom-made
[7]
silicone spigot was reported . We recommend this
method, as the EWS can be inserted precisely. There
are three kinds of size in the EWS (short axis/long
[6]
axis: 5/8.5 mm, 6/10.5, 7/12.5) . A fistula to the
respiratory tract exceeding its size seems to be out of
the indication. In an esophago-bronchial or tracheal
fistula, the spigot may fall into the airway. Therefore,
the best indication of the fistula could be occluded by
the EWS is an esophago-bronchiole fistula has the
length longer than approximately 10 mm. In addition,
coagulating the syringeal epithelium by argon plasma
coagulation before the EWS insertion might accelerate
[2]
the occlusion of the EBF .
In conclusion, we successfully performed EWS
occlusion through the esophagus for an EBF without
complications. We therefore recommend EWS occlu
sion as a potential treatment for a refractory EBF
after esophagectomy. This is the first report of the
successful closure of a refractory fistula, although EWS
occlusion through the gastrointestinal tract needs further
exploration.

Experiences and lessons

A new and unique technique using a guidewire-assisted endobronchial
Watanabe spigot through the esophagus proved useful for closing a refractory
esophago-bronchiole fistula after esophagectomy.

Peer-review

The authors showed a new and unique technique using a guidewire-assisted
endobronchial Watanabe spigot through the esophagus proved useful for
closing a refractory esophago-bronchial fistula after esophagectomy. The
technique is new and original. The text is well-written.
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Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong

II

Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yan-Chang Lei, Hangzhou
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Di Qu, Shanghai
Ju-Wei Mu, Beijing
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
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Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Xiu-Yan Wang, Shanghai
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
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Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg

III

Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
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Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

Indiad
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
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Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot

IV

Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
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Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan

WJG|www.wjgnet.com

Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona

VII

Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala

January 1, 2016

Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari

WJG|www.wjgnet.com

United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Frank I Tovey, London
Dhiraj Tripathi, Birmingham

VIII

Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
Amy E Foxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York

January 1, 2016

Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
Kusum K Kharbanda, Omaha
Hyun Sik Kim, Pittsburgh
Joseph Kim, Duarte
Jae S Kim, Gainesville
Miran Kim, Providence
Timothy R Koch, Washington
Burton I Korelitz, New York
Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo
Michelle Lai, Boston
Andreas Larentzakis, Boston
Edward Wolfgang Lee, Los Angeles
Daniel A Leffler, Boston
Michael Leitman, New York
Suthat Liangpunsakul, Indianapolis
Joseph K Lim, New Haven
Elaine Y Lin, Bronx
Henry C Lin, Albuquerque
Rohit Loomba, La Jolla
James David Luketich, Pittsburgh

WJG|www.wjgnet.com

Li Ma, Stanford
Mohammad F Madhoun, Oklahoma City
Thomas C Mahl, Buffalo
Ashish Malhotra, Bettendorf
Pranoti Mandrekar, Worcester
John Marks, Wynnewood
Wendy M Mars, Pittsburgh
Julien Vahe Matricon, San Antonio
Craig J McClain, Louisville
Tamir Miloh, Phoenix
Ayse Leyla Mindikoglu, Baltimore
Huanbiao Mo, Denton
Klaus Monkemuller, Birmingham
John Morton, Stanford
Adnan Muhammad, Tampa
Michael J Nowicki, Jackson
Patrick I Okolo, Baltimore
Giusepp Orlando, Winston Salem
Natalia A Osna, Omaha
Virendra N Pandey, Newark
Mansour A Parsi, Cleveland
Michael F Picco, Jacksonville
Daniel S Pratt, Boston
Xiaofa Qin, Newark
Janardan K Reddy, Chicago
Victor E Reyes, Galveston
Jon Marc Rhoads, Houston
Giulia Roda, New York
Jean-Francois Armand Rossignol, Tampa
Paul A Rufo, Boston
Madhusudana Girija Sanal, New York
Miguel Saps, Chicago
Sushil Sarna, Galveston
Ann O Scheimann, Baltimore
Bernd Schnabl, La Jolla
Matthew J Schuchert, Pittsburgh
Ekihiro Seki, La Jolla
Chanjuan Shi, Nashville
David Quan Shih, Los Angeles
Shadab A Siddiqi, Orlando
William B Silverman, Iowa City
Shashideep Singhal, New York

IX

Bronislaw L Slomiany, Newark
Steven F Solga, Bethlehem
Byoung-Joon Song, Bethesda
Dario Sorrentino, Roanoke
Scott R Steele, Fort Lewis
Branko Stefanovic, Tallahassee
Arun Swaminath, New York
Kazuaki Takabe, Richmond
Naoki Tanaka, Bethesda
Hans Ludger Tillmann, Durham
George Triadafilopoulos, Stanford
John Richardson Thompson, Nashville
Andrew Ukleja, Weston
Miranda AL van Tilburg, Chapel Hill
Gilberto Vaughan, Atlanta
Vijayakumar Velu, Atlanta
Gebhard Wagener, New York
Kasper Saonun Wang, Los Angeles
Xiangbing Wang, New Brunswick
Daoyan Wei, Houston
Theodore H Welling, Ann Arbor
C Mel Wilcox, Birmingham
Jacqueline Lee Wolf, Boston
Laura Ann Woollett, Cincinnati
Harry Hua-Xiang Xia, East Hanover
Wen Xie, Pittsburgh
Guang Yu Yang, Chicago
Michele T Yip-Schneider, Indianapolis
Sam Zakhari, Bethesda
Kezhong Zhang, Detroit
Huiping Zhou, Richmond
Xiao-Jian Zhou, Cambridge
Richard Zubarik, Burlington

Venezuela
Miguel Angel Chiurillo, Barquisimeto

Vietnam
Van Bang Nguyen, Hanoi

January 1, 2016

S

Contents

Weekly Volume 23 Number 29 August 7, 2017

EDITORIAL
5257

Liver and the defects of cholesterol and bile acids biosynthesis: Rare disorders many diagnostic pitfalls
Corso G, Dello Russo A, Gelzo M

REVIEW
5266

Contribution of galectin-1, a glycan-binding protein, to gastrointestinal tumor progression
Bacigalupo ML, Carabias P, Troncoso MF

5282

From diagnosis to treatment of hepatocellular carcinoma: An epidemic problem for both developed and
developing world
Dimitroulis D, Damaskos C, Valsami S, Davakis S, Garmpis N, Spartalis E, Athanasiou A, Moris D, Sakellariou S, Kykalos S,
Tsourouflis G, Garmpi A, Delladetsima I, Kontzoglou K, Kouraklis G

ORIGINAL ARTICLE
Basic Study
5295

Partial external biliary diversion in bile salt export pump deficiency: Association between outcome and
mutation
Ellinger P, Stindt J, Dröge C, Sattler K, Stross C, Kluge S, Herebian D, Smits SHJ, Burdelski M, Schulz-Jürgensen S, Ballauff
A, Schulte am Esch J, Mayatepek E, Häussinger D, Kubitz R, Schmitt L

5304

Celecoxib-induced gastrointestinal, liver and brain lesions in rats, counteraction by BPC 157 or L-arginine,
aggravation by L-NAME
Drmic D, Kolenc D, Ilic S, Bauk L, Sever M, Zenko Sever A, Luetic K, Suran J, Seiwerth S, Sikiric P

5313

Hwangryunhaedok-tang induces the depolarization of pacemaker potentials through 5-HT3 and 5-HT4 receptors
in cultured murine small intestine interstitial cells of Cajal
Kim HJ, Lee GS, Kim H, Kim BJ

5324

MicroRNA exhibit altered expression in the inflamed colonic mucosa of ulcerative colitis patients
Valmiki S, Ahuja V, Paul J

5333

Salvianolic acid B protects hepatocytes from H2O2 injury by stabilizing the lysosomal membrane
Yan XF, Zhao P, Ma DY, Jiang YL, Luo JJ, Liu L, Wang XL

5345

PBX1 attributes as a determinant of connexin 32 downregulation in Helicobacter pylori -related gastric
carcinogenesis
Liu XM, Xu CX, Zhang LF, Huang LH, Hu TZ, Li R, Xia XJ, Xu LY, Luo L, Jiang XX, Li M

WJG|www.wjgnet.com



August 7, 2017|Volume 23|Issue 29|

World Journal of Gastroenterology

Contents

Volume 23 Number 29 August 7, 2017

Case Control Study
5356

Influence of dietary isoflavone intake on gastrointestinal symptoms in ulcerative colitis individuals in
remission
Głąbska D, Guzek D, Grudzińska D, Lech G

5364

Genetic polymorphisms of MAFK , encoding a small Maf protein, are associated with susceptibility to
ulcerative colitis in Japan
Arisawa T, Nakamura M, Otsuka T, Jing W, Sakurai N, Takano H, Hayashi T, Ota M, Nomura T, Hayashi R, Shimasaki T,
Tahara T, Shibata T

Retrospective Study
5371

Elaboration and validation of Crohn’s disease anoperineal lesions consensual definitions
Horaist C, de Parades V, Abramowitz L, Benfredj P, Bonnaud G, Bouchard D, Fathallah N, Sénéjoux A, Siproudhis L,
Staumont G, Viguier M, Marteau P

5379

Efficacy of tolvaptan for the patients with advanced hepatocellular carcinoma
Miyazaki M, Yada M, Tanaka K, Senjyu T, Goya T, Motomura K, Kohjima M, Kato M, Masumoto A, Kotoh K

5386

Outcomes of preoperative endoscopic nasobiliary drainage and endoscopic retrograde biliary drainage for
malignant distal biliary obstruction prior to pancreaticoduodenectomy
Zhang GQ, Li Y, Ren YP, Fu NT, Chen HB, Yang JW, Xiao WD

Clinical Trials Study
5395

Phase I clinical study of personalized peptide vaccination combined with radiotherapy for advanced
hepatocellular carcinoma
Shen J, Wang LF, Zou ZY, Kong WW, Yan J, Meng FY, Chen FJ, Du J, Shao J, Xu QP, Ren HZ, Li RT, Wei J, Qian XP,
Liu BR

Observational Study
5405

Transition clinic attendance is associated with improved beliefs and attitudes toward medicine in patients
with inflammatory bowel disease
Fu N, Jacobson K, Round A, Evans K, Qian H, Bressler B

5412

Gut barrier failure biomarkers are associated with poor disease outcome in patients with primary sclerosing
cholangitis
Tornai T, Palyu E, Vitalis Z, Tornai I, Tornai D, Antal-Szalmas P, Norman GL, Shums Z, Veres G, Dezsofi A, Par G, Par A,
Orosz P, Szalay F, Lakatos PL, Papp M

5422

Efficacy of forced coagulation with low high-frequency power setting during endoscopic submucosal
dissection
Ishida T, Toyonaga T, Ohara Y, Nakashige T, Kitamura Y, Ariyoshi R, Takihara H, Baba S, Yoshizaki T, Kawara F, Tanaka S,
Morita Y, Umegaki E, Hoshi N, Azuma T

WJG|www.wjgnet.com

II

August 7, 2017|Volume 23|Issue 29|

World Journal of Gastroenterology

Contents

Volume 23 Number 29 August 7, 2017

Prospective Study
5431

Clinical outcomes of isolated renal failure compared to other forms of organ failure in patients with severe
acute pancreatitis
Gougol A, Dugum M, Dudekula A, Greer P, Slivka A, Whitcomb DC, Yadav D, Papachristou GI

SYSTEMATIC REVIEW
5438

Laparoscopic ultrasonography as an alternative to intraoperative cholangiography during laparoscopic
cholecystectomy
Dili A, Bertrand C

WJG|www.wjgnet.com

III

August 7, 2017|Volume 23|Issue 29|

World Journal of Gastroenterology

Contents

Volume 23 Number 29 August 7, 2017

ABOUT COVER

Editorial board member of World Journal of Gastroenterology , Shinji Tanaka,
MD, PhD, Professor, Department of Endoscopy, Hiroshima University Hospital,
Hiroshima 734-8551, Japan

AIMS AND SCOPE

World Journal of Gastroenterology (World J Gastroenterol, WJG, print ISSN 1007-9327, online
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. WJG was established on October 1, 1995. It is published weekly on the 7th, 14th, 21st, and 28th each month.
The WJG Editorial Board consists of 1375 experts in gastroenterology and hepatology
from 68 countries.
The primary task of WJG is to rapidly publish high-quality original articles, reviews,
and commentaries in the fields of gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastrointestinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional therapy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterology, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biology, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics,
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal
therapeutics. WJG is dedicated to become an influential and prestigious journal in gastroenterology and hepatology, to promote the development of above disciplines, and to
improve the diagnostic and therapeutic skill and expertise of clinicians.

INDEXING/ABSTRACTING

World Journal of Gastroenterology (WJG) is now indexed in Current Contents®/Clinical Medicine,
Science Citation Index Expanded (also known as SciSearch®), Journal Citation Reports®, Index
Medicus, MEDLINE, PubMed, PubMed Central and Directory of Open Access Journals. The
2017 edition of Journal Citation Reports® cites the 2016 impact factor for WJG as 3.365 (5-year
impact factor: 3.176), ranking WJG as 29th among 79 journals in gastroenterology and hepatology (quartile in category Q2).

FLYLEAF

I-IX

EDITORS FOR
THIS ISSUE

Responsible Assistant Editor: Xiang Li
Responsible Electronic Editor: Dan Li
Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL
World Journal of Gastroenterology
ISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)
LAUNCH DATE
October 1, 1995
FREQUENCY
Weekly
EDITORS-IN-CHIEF
Damian Garcia-Olmo, MD, PhD, Doctor, Professor, Surgeon, Department of Surgery, Universidad
Autonoma de Madrid; Department of General Surgery, Fundacion Jimenez Diaz University Hospital,
Madrid 28040, Spain
Stephen C Strom, PhD, Professor, Department of
Laboratory Medicine, Division of Pathology, Karolinska Institutet, Stockholm 141-86, Sweden
Andrzej S Tarnawski, MD, PhD, DSc (Med),
Professor of Medicine, Chief Gastroenterology, VA
Long Beach Health Care System, University of California, Irvine, CA, 5901 E. Seventh Str., Long Beach,

WJG|www.wjgnet.com

Editorial Board

Responsible Science Editor: Ze-Mao Gong
Proofing Editorial Office Director: Jin-Lei Wang

CA 90822, United States

http://www.wjgnet.com

EDITORIAL BOARD MEMBERS
All editorial board members resources online at http://
www.wjgnet.com/1007-9327/editorialboard.htm

PUBLICATION DATE
August 7, 2017

EDITORIAL OFFICE
Jin-Lei Wang, Director
Yuan Qi, Vice Director
Ze-Mao Gong, Vice Director
World Journal of Gastroenterology
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501,
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com
PUBLISHER
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501,
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk

IV

COPYRIGHT
© 2017 Baishideng Publishing Group Inc. Articles published by this Open-Access journal are distributed under
the terms of the Creative Commons Attribution Noncommercial License, which permits use, distribution,
and reproduction in any medium, provided the original
work is properly cited, the use is non commercial and is
otherwise in compliance with the license.
SPECIAL STATEMENT
All articles published in journals owned by the Baishideng
Publishing Group (BPG) represent the views and opinions of their authors, and not the views, opinions or
policies of the BPG, except where otherwise explicitly
indicated.
INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/bpg/gerinfo/204
ONLINE SUBMISSION
http://www.f6publishing.com

August 7, 2017|Volume 23|Issue 29|

World J Gastroenterol 2017 August 7; 23(29): 5257-5265

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v23.i29.5257

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

EDITORIAL

liver and the defects of cholesterol and bile acids
biosynthesis: rare disorders many diagnostic pitfalls
Gaetano Corso, Antonio Dello Russo, Monica Gelzo
of knowledge on the causes and mechanisms of
metabolic diseases that have formed the basis for
their study, diagnosis and treatment. Unfortunately,
it is well known that the clinical features of metabolic
diseases can manifest themselves with very different
characteristics and escape early detection. Also, it
is well known that the prognosis of many metabolic
diseases is excellent if diagnosed and treated early.
In this editorial we briefly summarized two groups of
inherited metabolic diseases, the defects of cholesterol
biosynthesis and those of bile acids. Both groups show
variable clinical manifestations but some clinical signs
and symptoms are common in both the defects of
cholesterol and bile acids. The differential diagnosis
can be made analyzing sterol profiles in blood and/
or bile acids in blood and urine by chromatographic
techniques (GC-MS and LC-MS/MS). Several defects
of both biosynthetic pathways are treatable so early
diagnosis is crucial. Unfortunately their diagnosis is
made too late, due either to the clinical heterogeneity
of the syndromes (severe, mild and very mild) that to
the scarcity of scientific dissemination of these rare
diseases. Therefore, the delay in diagnosis leads the
patient to the medical observation when the disease
has produced irreversible damages to the body.
Here, we highlighted simple clinical and laboratory
descriptions that can potentially make you to suspect a
defect in cholesterol biosynthesis and/or bile acids, as
well, we suggest appropriate request of the laboratory
tests that along with common clinical features can help
to diagnose these defects.
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Abstract

Core tip: The genetic defects of cholesterol and bile
acid biosynthesis are characterized by a diversity

In recent decades, biotechnology produced a growth
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into the lumen of the small intestine derives from food
digestion, partial reabsorption of biliary cholesterol, and
from that one released by the intestinal epithelial cells.
The presence of bile acids as detergents is obligatory for
the solubilization and uptake of intestinal cholesterol.
They are excreted from liver and reabsorbed from the
intestinal lumen back to the liver through the entero[13]
hepatic circulation .
Beside cholesterol, also plant sterols (e.g., cam
pesterol and β-sitosterol) and stanols are absorbed
by Niemann-Pick C1 Like 1 (NPC1L1), a transporter
localized in the microvilli cells of small intestine in the
apical plasma membrane, which facilitates their uptake
and transport. NPC1L1 is also localized near to other
transporters such as ATP-binding cassette G5/G8
(ABCG5/G8) that act as inverted transporters pumping
cholesterol and other sterols from enterocytes back to
the intestinal lumen, as well as from hepatocytes to bile
ducts. Instead, the bile acids are excreted into bile via
[14,15]
specific pump proteins (BSEP or ABCB11)
.
Mutations in ABCG5/G8 genes cause Sitosterolemia
(STSL, OMIM #210250), a rare autosomal recessive
lipid storage disease where it is found elevated plasma
levels of cholesterol and non-cholesterol sterols due
to impaired intestinal absorption and biliary sterol
[16]
excretion .
ABCG5/G8 are controlled by cholesterol through
liver X receptors (LXRs), which in turn are activated by
[17]
oxysterols and other plant sterol derivatives . Another
target of LXR is ABCA1, which is the reverse transporter
of cholesterol. By this mechanism the surplus of
free cholesterol is eliminated from peripheral tissues
through biliary excretion or non-biliary trans-intestinal
cholesterol efflux (TICE) that, to our knowledge, has
[18,19]
been demonstrated only in animal models
.
The fecal excretion of neutral and acidic sterols,
coming from cholesterol and non-cholesterol sterols,
also contributes to cholesterol balance in whole body.
The production of bile acids from cholesterol is the
main mechanism for removing sterols from our body.
At the same time, it has been showed that bile acids
play various functions in signal transduction pathways
for energy metabolism regulation. Biosynthesis of bile
acids occurs through two main pathways involving 17
different enzymes, many of which are predominantly
[20]
expressed in the liver .
Since excess and cholesterol deficiency can
cause serious damage to our body’s structures,
cholesterol homeostasis is required to be tightly
controlled. In fact, hypercholesterolemia is the main
risk factor for the development of atherosclerosis
[21,22]
and consequently of cardiovascular disease
. The
different types of hypercholesterolemia, such as familial
hypercholesterolemia, secondary hypercholesterolemia,
polygenic hypercholesterolemia, have been well
[23]
characterized and will not be reported here.
Instead, inherited defects of cholesterol biosynthesis
lead to severe clinical phenotypes; for example, the
absence of 3-hydroxy-3-methylglutaryl CoA (HMG-

of clinical findings affecting the liver, the intestine,
and the nervous system. Many of these defects are
efficaciously treatable but owing to mild phenotypes
many cases can escape to an earlier diagnosis and are
identified after few years or adulthood with irreversible
injuries or more difficult to treat. Here, we highlighted
simple clinical and laboratory descriptions that can
potentially make you to suspect a defect in cholesterol
biosynthesis and/or bile acids, in order to reduce the
diagnostic delay and to improve the prognosis of these
defects.
Corso G, Dello Russo A, Gelzo M. liver and the defects of
cholesterol and bile acids biosynthesis: Rare disorders many
diagnostic pitfalls. World J Gastroenterol 2017; 23(29): 5257-5265
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i29/5257.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i29.5257

INTRODUCTION
Metabolic diseases are genetic based conditions in
which the defective gene results in deficiency of an
enzyme that leads to metabolic disorders. Today,
several hundred of genetic metabolic disorders are
known, and their symptoms, treatments, and prognosis
vary widely.
The genetic defects in the biosynthesis of cholesterol
and bile acids have been well studied in recent decades
and several of these defects are treatable with results
that greatly improve the prognosis and the patient’s
health.
Cholesterol is essential for the maintenance of life
[1]
in vertebrates . It is an essential metabolite of cellular
membrane structure, and is also the precursor of bile
acids, steroid hormones, and oxysterols, which play
multiple and important biological functions throughout
[2,3]
the body . Especially, the synthesis of bile acids and
the bile formation plays a pivotal role to survival of
organism.
Body cholesterol levels are finely regulated by
the balance between mechanisms of diet cholesterol
absorption, liver synthesis, biliary excretion, and peri
pheral tissue uptake. All this requires close molecular
collaboration between the liver, the intestine and all
[4]
the tissues of the whole organism . Plasma levels
of cholesterol are controlled by the liver through
specific lipoprotein receptors, sterol transporters and
intracellular nuclear receptors, which translate the
signals derived from variations of cholesterol levels in
[5-8]
selective variations of gene expression . The liver
is the main organ of cholesterol synthesis in most
[9,10]
mammals
, through an intricate pathway involving
[11,12]
more than 30 enzymatic steps
.
The intestine plays a pivotal role in the homeostasis
of cholesterol. In fact, it is the main site for cholesterol
absorption and excretion. Cholesterol that is absorbed
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CoA) reductase, which is the main regulatory enzyme
of cholesterol biosynthesis, is not compatible with
[24]
life . In addition, the liver cholesterol catabolism
disorders, such as the synthesis of bile acids, can be
the cause or can be secondary to biliary stasis, which
acts significantly on the effectiveness of regulatory
[4]
mechanisms in the liver and intestine .
This work aims to draw the attention of physicians
on clinical, diagnostic, and therapeutic knowledge
published on some defects of biosynthesis of cholesterol
and of bile acids. These defects have a widely variable
clinical phenotype, but some signs and symptoms
are common to the different genetic forms known so
far. Unfortunately, since these defects also have mild
phenotypes or even very mild, they can escape to an
earlier diagnosis, and many cases are identified after
a few years or in adulthood with irreversible injuries or
[25,26]
more difficult to treat
.
The diagnostic laboratory path of inborn errors of
[27-29]
[26,30]
biosynthesis of cholesterol
and of bile acids
is of fundamental importance for the differential diag
nosis and the diagnostic accuracy of these diseases.
Therefore, we need of knowledge about the laboratory
tests for the metabolic study of patients that putatively
suffer from these defects.
Today, the applications in the clinical field of mass
spectrometry coupled with chromatography methods
(gaseous or liquid) are already widely used in many
laboratories, and the determination of metabolic
[31-34]
[35]
profiles, such as sterols
or bile acids , in biological
fluids (blood, plasma, urine) facilitates the study of
many inborn errors of metabolism including cholesterol
and bile acids.
Here, we will focus on some treatable disorders
for which the early diagnosis is fundamental, and this
article also provides a simple diagnostic flow chart
together to clinical characteristics that could be useful
for the clinicians in the investigation of cholesterol and
bile acid disorders.

the cases more severely affected by malformations
die in utero or early after birth. Instead, the patients
mildly affected suffer from less severe malformations,
[28]
intellectual disability and behavioral problems .
Plasma sterol analysis by gas chromatography is
a useful screening test for most of these disorders,
even though a negative result in plasma does not
exclude disorders such as CHILD, CK, and mild CDPX2
syndromes (table 1).
The cholesterol plasma levels in severe cases of
SLOS are very low (< 20 mg/dL), while in the patients
with mild phenotype may have total cholesterol levels
quite variables ranging from low (< 100 mg/dL) to
[27]
normal levels . In fact, the mild cases of SLOS can
be treated using cholesterol supplementation and
[28]
simvastatin . Instead, all other defects, with the
exception of lathosterolosis and SC4MOL, there are
no treatments that correct or attenuate the metabolic
condition. Therefore, they are cured with surgical or
[25,45]
medical treatments needed to alleviate symptoms
.
Lathosterolosis is a very rare disease with only four
[40-43,53]
cases reported in literature
, of which two patients
[40,43]
[40]
survived
. In particular, the first described patient
showed a progressive intrahepatic cholestasis that
had caused liver failure at seven years when she was
subjected to liver transplantation (LT), which removed
liver disease, corrected the defect in cholesterol
metabolism, and also improved some neurologic
[54,55]
symptoms
.
In some conditions that influence cholesterol meta
bolism, LT acts as a gene therapy or as a healthy gene
[18]
producer . Furthermore, the normal gene expression
of cholesterol biosynthesis and its physiological levels
in the liver graft may influence intrahepatic availability
of cholesterol, which is essential for liver-regenerative
[56]
capacity .
Instead, the last case of lathosterolosis has
been diagnosed in a 22 mo-old male with a mild
clinical and biochemical phenotype. One month after
diagnosis, the patient was treated with simvastatin
and it resulted in normalization of lathosterol level and
[43]
neurodevelopmental improvement .
SC4MOL deficiency is a recently discovered defect
into the C-4 demethylase complex of cholesterol
[49]
biosynthesis well described by He et al . Until
now, only five SC4MOL patients have been reported
[50]
with a high variable phenotype . The first patient
presented the more severe phenotype characterized
by a psoriasiform dermatitis, she was treated by oral
statin and supplementation with cholesterol plus bile
acids. After two years of treatment, the symptoms
dramatically ameliorated and methylsterol levels
normalized.

CHOLESTEROL BIOSYNTHESIS DEFECTS
After the discovery that Smith-Lemli-Opitz syndrome
(SLOS, OMIM # 270400), a congenital multi-malformative
syndrome, is due by a disorder of post-squalene
cholesterol biosynthesis caused by defects in 7-dehy
[36]
drocholesterol reductase , other malformative
syndromes have been discovered in humans caused
by other cholesterol biosynthesis defects. In table
1 are reported all defects to date discovered in the
[25,28,36-52]
pathway of cholesterol synthesis in humans
.
Generally, the onset of these diseases occurs at birth,
even though some phenotypes may present during the
[25]
first months of life (CDPX2)
or in the early infancy
[49,50]
(SC4MOL deficiency)
. Since the phenotypes of
these defects can be highly variable, in particular the
patients with a mild phenotype, the diagnosis can be
missed at birth and can be made very belatedly. The
phenotypic spectrum of SLOS is extremely wide, and
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BILE ACIDS SYNTHESIS DEFECTS
Hereditary biosynthesis defects of biliary acids cause
fatal liver disease during childhood and/or progressive
neurological diseases that occur later in infancy or in
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Table 1 Inherited defects of cholesterol biosynthesis in humans
Disorder

OMIM#

Frequency

Enzyme (blood biomarkers)

Primary site of expression

Treatable

Ref.

SLOS

270400

1:20000/1:50000

Multisystemic

Yes
mild cases

[28,36]

Desmosterolosis

602398

9 cases

Multisystemic

No

[25,37]

CDPX21

302960

≤ 1:400000

Skin and skeletal systems

No

[25,38]

CHILD syndrome

308050

< 1:1000000

Skin and skeletal systems

No

[25,39]

Lathosterolosis

607330

4 cases

Multisystemic

201750

> 100 cases

Skin and genital systems

Yes
two cases
No

[40-43]

Antley-Bixler syndrome3
Greenberg dysplasia

215140

11 cases

Skeletal system

No

[25,46]

CK syndrome

300831

13 cases

Nervous system

No

[25,47,48]

SC4MOL deficiency

616834

5 cases

7-dehydrocholesterol reductase
(7-dehydrocholesterol,
8-dehydrocholesterol)
3β-hydroxysterol-∆24-reductase
(desmosterol)
3β-hydroxysteroid-∆8,∆7-sterol
isomerase [8-dehydrocholesterol,
cholesta-8(9)-en-3β-ol]
3β-hydroxysteroid dehydrogenase
[4α-carboxymethylcholest-8(9)en-3β-ol, 4α-monomethyl-and
4,4’-dimethylsterols]2
3β-hydroxysteroid-∆5-desaturase
(lathosterol)
lanosterol 14α-demethylase (lanosterol,
dihydrolanosterol)2
sterol-∆14-reductase (cholesta-8,14-dien3β-ol, cholesta-8,14,24-trien-3β-ol)2
3β-hydroxysteroid dehydrogenase
(4α-monomethyl- and
4,4’-dimethylsterols)2
sterol-C4-methyl oxidase
(4α-monomethyl- and
4,4’-dimethylsterols)

Skin and eye
Systems

Yes
one case

[49,50,88]

[44,45]

1

an hypomorphic variant (#300960) has been reported in 10 male patients[25,51]; 2presence of biomarkers in tissue and/or cultured cells only; 3a variant form
(#613571) due to deficiency of cytochrome P450 oxidoreductase has been reported 9 subjects[45,52]. CDPX2: X-linked dominant disorder chondrodysplasia
punctata-2; CHILD: congenital hemidysplasia with ichthyosiformerythroderma and limb defects; CK: eponym derived from the first case; SC4MOL: sterolC4-methyl oxidase; SLOS: Smith-Lemli-Opitz syndrome.

the adult. Some of these diseases can be effectively
treated by the administration of bile acids, so early
diagnosis of these disorders is very important and life[26]
[35]
saving. Recently, Clayton and Heubi et al reviewed
the defects to date discovered in the pathway of bile
[26,35,57-77]
acid synthesis, which are reported in table 2
.
The onset of these defects usually occurs in
neonatal period or childhood with cholestasis, vitamin
deficiency (fat-soluble), and with rickets, or hypo
prothrombinemia, chronic liver disease or growth
failure. Differently, the mean age of onset of symptoms
[26,30,35]
for CTX is 19 years
and CYP7A1 deficiency
[35,77]
usually present in adult life with hyperlipidemia
,
whereas SPG5A is characterized by a high variable
age of onset (from 8 to 40 years of life) with a wide
phenotypic spectrum (spastic paraplegia with or without
additional manifestations, including optic atrophy or
[66-69]
cerebellar ataxia)
. The defect in bile acid synthesis
causes a reduction of hepatic conversion of cholesterol
[78]
to cholic acid and chenodeoxycholic acid (CDCA) .
Canalicular bile flow is stimulated by the increase of bile
acids synthesis, even though a bile salts-independent
bile flow is always present as basal state. Therefore,
the lack or the reduced synthesis of bile acids causes a
more or less serious reduction of bile flow (cholestasis)
and regurgitation in the blood stream of normally
excreted compounds (i.e., conjugate bilirubin). In
addition, the presence of bile acids promotes the
release of gamma-glutamyl transpeptidase (γ-GT)
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from the canalicular membrane, while the absence
of bile acids in the bile, except for some cases, does
not result in increased plasma γ-GT. In addition, since
bile acids act as detergent for lipid absorption in the
intestine, congenital bile acid synthesis errors can lead
to steatorrhea, growth delay, and deficiencies in fatsoluble vitamins.
Among these disorders, we focused on Cerebro
tendinous Xanthomatosis (CTX, OMIM # 213700),
the most common inborn error of bile acids synthesis.
The clinical findings of CTX are tendon xanthomas,
diarrhea, cataracts, neurological manifestations,
such as polyneuropathy, pyramidal and/or cerebellar
signs, intellectual disability, psychiatric disturbance,
[30,79,80]
and seizures
. In spite of the xanthomas and
premature atherosclerosis, CTX patients are usually
[81]
normocholesterolemic . In these patients the
25-hydroxylated C27-bile alcohols are abundantly
excreted in the urine and other biological materials,
the accumulation of these metabolites is due to the
[82]
incomplete oxidation of the cholesterol side-chain .
Instead, the production of CDCA is markedly reduced
and in face of almost normal production of cholic
[83]
acid . In addition, the reduced levels of bile acids
decreased the negative feedback on two regulatory
enzymes, the cholesterol 7-hydroxylase, the first ratelimiting enzyme in bile acid pathway, and the HMGCoA reductase, which regulates cholesterol production.
As a result, the increased activities of both enzymes
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Table 2 Inherited defects of bile acids biosynthesis in humans
Disorder

OMIM#

Frequency

CTX

213700

1:50000

CBAS1

607765

73 cases

CBAS2
SPG5A

235555
270800

41 cases
31 cases

FHCA
CBAS4

607748
214950

15 cases
6 cases

CBAS3

613812

3 cases

NR
NR

8 cases
< 1:1000000

BACL deficiency
CYP7A1 deficiency

Enzyme (urine biomarkers)

1

Primary site of expression Treatable

Sterol 27-hydroxylase (tetrahydroxy-,
Eye, central and peripheral
pentahydroxy- and hexahydroxy-bile alcohols)2
nervous systems
3β-hydroxy-∆5-C27-steroid oxidoreductase
Liver
(3β-hydroxy-∆5 bile acids)
∆4-3-oxosteroid 5β-reductase (∆4-3-oxo bile acids)
Liver
Oxysterol 7α-hydroxylase (27-hydroxycholesterol)3
Central and peripheral
nervous systems
BAAT4 (unconjugated cholic acid)3
Liver and intestine
5
Liver, intestine and
α-methylacyl-CoA racemase (THCA)
peripheral nervous systems
oxysterol 7α-hydroxylase (3β-hydroxy-5-cholenoic
Liver
and 3β-hydroxy-5-cholestenoic acids)
Bile acid-CoA ligase (unconjugated cholic acid)3
Liver and intestine
CYP7A1 (3β-hydroxy-5-cholenoic and 3β-hydroxyCardiovascular system
5-cholestenoic acids, 27-hydroxycholesterol)6

Ref.

Yes

[26,30,35]

Yes

[26,35,57,58]

Yes
No

[35,59-65]
[66-69]

Yes
Yes

[35,70,71]
[35,72,73]

No

[35,74,75]

No
No

[76]
[35,77]

1

conjugated form unless otherwise noted; 2plasma and tissue accumulation of cholestanol and cholesterol precursors; 3presence also in serum; 4FHCA can
be due also to mutations in Tight junction protein-2 and Microsomal epoxide hydrolase-1 genes; 5plasma and tissue accumulation of phytanic and pristanic acids;
6
high plasma levels of total and LDL-cholesterol, and 27-hydroxycholesterol. BAAT: bile acids-CoA aminoacid N-acyltransferase; CTX: cerebrotendinous
xanthomatosis; CYP7A1: cholesterol 7α-hydroxylase; FHCA: familial hypercholanemia; NR: not reported; SPG5A: spastic paraplegia-5A; THCA:
3α,7α,12α-trihydroxy-5β-cholestan-26-oic acid.

lead to an accumulation of bile acid precursors,
such as cholestanol and various bile alcohols, and of
[84]
intermediates of cholesterol biosynthesis . In fact
plasma sterol analyses in CTX patients reveal elevated
[30,81,85]
cholestanol and cholesterol precursors levels
.
Treatment of CTX patients with CDCA by a
negative feedback inhibits the 7α-hydroxylase and the
production of toxic bile acid intermediates, and reduces
[82]
the production of cholesterol by the liver . Clinical
and laboratory parameters are improved by longterm oral administration of CDCA and without toxic
[79]
effects . In particular, when initiated in childhood,
CDCA therapy may arrest the progression of disease
and prevent neurological deterioration. Instead, once
neurological impairment is manifest, a poor response
[79]
to CDCA treatment may be recorded . CDCA and
statins therapy inhibits cholesterol synthesis reducing
cholesterol precursors and cholestanol levels in
[84]
plasma, and can improve lipoprotein metabolism .
The efficacy of treatment with HMG-CoA reductase
inhibitors alone is controversial, and some adverse
effects such as hepatic dysfunction and rhabdomyolysis
[79,80,84]
may be observed
.

identification and quantification of these metabolites
are essential to address the diagnostic-therapeutic
process of these defects.
The sterol profile can be easily analyzed by gas
chromatography coupled to mass spectrometry (GCMS; Table 3) in plasma, dried blood spot, red blood cell
[25,27,31,33]
membrane and tissue homogenates
.
Furthermore, an useful screening test for many of
bile acid synthesis defects is the analysis of bile acids
and bile alcohols in urine, which is easily performed
by liquid chromatography coupled to tandem mass
[26,30,35]
spectrometry (LC-MS/MS; Table 3)
.

CONCLUSION
In this editorial, we have briefly focused on the main
clinical signs and laboratory findings of the inherited
defects of cholesterol and bile acids synthesis. In
summary, the liver and the intestine are the strategic
organs in the control of cholesterol and bile acids in
biological fluids. Moreover, the physiologic biosynthesis
of cholesterol and bile acids is essential for the most
important functions of our body, including embryonic
development and neuronal functions. To date, as
summarized here, in humans have been discovered
nine inborn defects of cholesterol synthesis and nine
of the bile acids. Although these diseases are rare and
some ones very rare, it is commonly believed that their
frequency has been underestimated, particularly in
those patients affected by mild forms. This may be due
to the heterogeneity of clinical and laboratory features
of these diseases, which represent the pitfalls that
mask their early diagnosis but, more important, it is
the lost of all cases that are never diagnosed. Moreover,
many of the defects reported here are treatable and

DIFFERENTIAL DIAGNOSIS OF
CHOLESTEROL AND BILE ACID
BIOSYNTHESIS DEFECTS
Some treatable defects of cholesterol and bile acid
biosynthesis that share different clinical findings are
reported in Table 3. Nevertheless, these disorders
are characterized by the accumulation of specific
biomarkers (Tables 1 and 2) in blood and/or urine
[25,26,86,87]
of affected patients
. Hence, accurate
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Table 3 Clinical and laboratory findings shared by some treatable defects of cholesterol and bile acid biosynthesis
Clinical features
Microcephaly
Congenital cataracts
Intellectual disability
Neurological disease
Developmental delay
Cholestasis
Steatosis
AST
ALT
γGT
Conjugated bilirubin
Total cholesterol
Fat-soluble vitamin
Diagnostic method
GC-MS
LC-MS/MS
Treatment

SLOS

1

LATHO

SC4MOL

CTX

CBAS1

CBAS2

CBAS4

Shared findings

Yes
Yes
Yes
No
Yes
No
No
Normal
Normal
Normal
Normal
Very low to normal
Normal

Yes
Yes
Yes
No
Yes
Yes
Yes
High
High
High
High
Low to normal
Low

Yes
Yes
Yes
No
Yes
No
No
Normal
Normal
Normal
Normal
Low to normal
Normal

No
Yes
Yes
Yes
No
Yes
No
High
High
Normal
High
Normal to high
Normal

No
No
No
No
No
Yes
No
High
High
Normal
High
Normal
Low

No
No
No
No
No
Yes
Yes
High
High
High
High
Normal
Low

No
No
No
Yes
No
Yes
No
Normal
Normal
Normal
Normal
Normal
Low

3/7
4/7
4/7
2/7
3/7
5/7
2/7
4/7
4/7
2/7
4/7
n.a.
4/7

Sterols (p)

Sterols (p)

Sterols (p)

Cholesterol
plus statins

Statins
or LT

Cholesterol plus
statins and bile
acids

Sterols (p)
HBA (u)
CDCA plus
statins

BA (u)
BA (u, p)
BA (u, p)
Cholic acid UDCA or Cholic acid2
cholic acid

1
mild phenotypes; 2associated with a phytanic/pristanic acid-restricted diet. BA: Bile acids; CDCA: chenodeoxycholic acid; HBA: Hydroxy bile alcohols;
LATHO: lathosterolosis; LT: liver transplant; n.a.: not applicable; (p): plasma; (u): urine; UDCA: ursodeoxycholic acid. GC-MS: gas chromatography
coupled to mass spectrometry; LC-MS/MS: liquid chromatography coupled to tandem mass spectrometry.

with good results in most of them, therefore this fact
should prompt us to pay more attention to the patient
history, particularly that of childhood, with symptoms
compatible with these defects.
Therefore, we hope that this editorial will stimulate
the reader’s thinking to extend their knowledge and
to take into account that today we have many clinical
and laboratory tools to suspect and diagnose a rare
disease including the defects of cholesterol and bile
acids biosynthesis.
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Gastrointestinal cancer is a group of tumors that affect
multiple sites of the digestive system, including the
stomach, liver, colon and pancreas. These cancers
are very aggressive and rapidly metastasize, thus
identifying effective targets is crucial for treatment.
Galectin-1 (Gal-1) belongs to a family of glycan-binding
proteins, or lectins, with the ability to cross-link specific
glycoconjugates. A variety of biological activities
have been attributed to Gal-1 at different steps of
tumor progression. Herein, we summarize the current
literature regarding the roles of Gal-1 in gastrointestinal
malignancies. Accumulating evidence shows that
Gal-1 is drastically up-regulated in human gastric
cancer, hepatocellular carcinoma, colorectal cancer
and pancreatic ductal adenocarcinoma tissues, both
in tumor epithelial and tumor-associated stromal cells.
Moreover, Gal-1 makes a crucial contribution to the
pathogenesis of gastrointestinal malignancies, favoring
tumor development, aggressiveness, metastasis,
immunosuppression and angiogenesis. We also
highlight that alterations in Gal-1-specific glycoepitopes
may be relevant for gastrointestinal cancer progression.
Despite the findings obtained so far, further functional
studies are still required. Elucidating the precise
molecular mechanisms modulated by Gal-1 underlying
gastrointestinal tumor progression, might lead to the
development of novel Gal-1-based diagnostic methods
and/or therapies.
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tumor transformation . Gal-1 expression is frequently
[11,12]
increased in tumor tissues
. Elevated levels of
Gal-1 secreted to the extracellular space of tumor and
tumor-associated stromal cells, often correlate with
tumor aggressiveness and acquisition of a metastatic
[13]
phenotype . This lectin also plays fundamental roles
in tumor angiogenesis by modulating endothelial cell
[14-16]
biology
and contributes to tumor immunoevasive
[17]
programs . Given these tumor-promoting activities,
Gal-1 is considered a potential target for cancer
[13]
therapy .
Important roles of some members of the galectin
[18-22]
family have been described in gastrointestinal tumors
.
In this review, we summarize the current knowledge
regarding the expression and roles of Gal-1 in gast
rointestinal malignancies, focusing on gastric cancer,
hepatocellular carcinoma, colorectal carcinoma and
pancreatic cancer. We also highlight that alterations
in Gal-1-specific glycoepitopes may be relevant for
gastrointestinal cancer progression. Our aim is to
encourage researchers to continue exploring the
complex roles of Gal-1 in gastrointestinal tumors. We
are confident that basic and translational research
in this field will lead to the development of Gal-1targeted therapies for gastrointestinal cancer patients

Core tip: Gastrointestinal cancer is a group of tumors
that affect multiple sites of the digestive system, including
the stomach, liver, colon and pancreas. Galectin-1 (Gal-1)
is a β-galactoside-binding protein with the ability to crosslink specific glycoconjugates. Accumulating evidence
shows that Gal-1 in human gastric cancer, hepatocellular
carcinoma, colorectal cancer and pancreatic ductal
adenocarcinoma tissues is up-regulated. Moreover, high
levels of this galectin correlate with tumor development,
aggressiveness, metastasis, immunosupression and
angiogenesis. We also highlight that alterations in Gal-1specific glycoepitopes may be relevant for gastrointestinal
cancer progression.
Bacigalupo ML, Carabias P, Troncoso MF. Contribution of
galectin-1, a glycan-binding protein, to gastrointestinal tumor
progression. World J Gastroenterol 2017; 23(29): 5266-5281
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i29/5266.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i29.5266

INTRODUCTION
Gastrointestinal cancer is the most common group of
malignancies. It refers to tumors developed at multiple
sites of the gastrointestinal tract, including stomach,
liver, colon and pancreas. During the past decade,
advances in molecular medicine have led to improve
prevention, diagnosis and therapy. Nevertheless,
most of these cancers are very aggressive and rapidly
metastasize and therefore, they are among the most
[1]
deadly . Thus, the identification of new molecular
targets is crucial to develop more effective therapeutic
strategies.
Galectins are proteins that decode and interpret
the glycome. This is a family of glycan-binding proteins
(lectins) with affinity for β -galactoside-containing
[2]
N-glycans . This affinity for N-glycans increases in
proportion to β1-6 branching, which is mediated by
[3]
the β1,6-N-acetylglucosaminyltransferase V (GnTV)
[4]
and extension with poly-N-acetyllactosamine .
Interestingly, the altered expression of galectins is
considered a hallmark of cancer and mounting evidence
[5,6]
illustrates their fundamental roles in tumor biology .
Besides, important changes in glycosylation occur
during tumorigenesis and metastasis, including the
increase in N-glycan size in several cancer-associated
[7]
glycoproteins .
One member of this family is galectin-1 (Gal-1),
which possesses specific structural features. It is
secreted from cells and is able to bind and cross-link
glycoconjugates on cell surfaces, including different
integrins and glycoproteins of the extracellular matrix
[8]
(ECM) . Consequently, Gal-1 modulates cell adhesion,
[9]
migration, survival and signaling . Intracellularly,
Gal-1 interacts with the RAS binding domain of RAF
effectors and increases H-RAS nanoclustering driving
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in the future.

ROLES OF GAL-1 IN GASTRIC CANCER
[1]

Gastric cancer (GC) ranks second for cancer deaths .
Most of these cancers are adenocarcinomas, which are
subdivided into intestinal or diffuse types. In intestinaltype cancer, tumor cells exhibit intercellular adhesion
[23]
and are arranged in tubular structures . By contrast,
in the diffuse type, tumor cells are poorly cohesive
[23,24]
and infiltrate the stroma as small subgroups
.
Although these subtypes are biological, clinical and
epidemiologically different, in clinical practice this
classification is not useful for predicting treatment
[23]
response or survival . Besides, according to the
anatomical location, adenocarcinomas are classified as
proximal and distal.
Risk factors for proximal GC include increased body
weight, gastro-esophageal reflux disease and Barrett’s
esophagus, while chronic infection with Helicobacter
pylori (H. pylori) is the strongest risk factor for distal
[25,26]
GC
. Besides, gene amplification of human epithelial
growth factor receptor 2 (HER2), a proto-oncogene, is
[27]
found in approximately 17% of GC samples .
GC is often diagnosed at advanced stages and
therapy includes surgery with adjuvant chemotherapy
or chemoradiation. Advances in the understanding of
the molecular profiling of GC led to the development of
trastuzumab and ramucirumab, humanized monoclonal
antibodies anti-HER2 and anti-vascular endothelial
[28]
growth factor receptor 2 (VEGFR-2), respectively .
However, the median survival at advanced stage is
less than 1 year, pointing out the need to identify new
[29]
molecular targets and biomarkers .
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Gal-1 in hepatocellular carcinoma
Gal-1 in gastric cancer

Up-regulated, mainly in stroma
Correlates with tumor size, TNM
stage, invasion, metastasis,
recurrence, poor survival
Increased levels in serum correlate
with poor survival and reduced
sorafenib treatment efficacy

Up-regulated, mainly in stroma
Correlates with TNM stage, invasion, lymph
node metastasis, poor survival
Gal-1 in pancreatic cancer
Up-regulated, mainly in stroma
Correlates with tumor size, TNM stage, invasion,
lymph node metastasis, poor survival

Gal-1 in colorectal cancer
Up-regulated, mainly in stroma
Correlates with invasion, lymph
node metastasis, poor survival
Increased levels in serum correlate
with tumor stage, liver and lymph
node metastasis

Figure 1 Galectin-1 expression in gastrointestinal tumors and correlation with clinicopathological parameters. Galectin-1 is drastically up-regulated in
human gastric cancer, hepatocellular carcinoma, colorectal cancer and pancreatic ductal adenocarcinoma tissues, mainly in stroma. High levels of Gal-1 correlate
with tumor aggressiveness, the acquisition of a metastatic phenotype and patient poor survival. TNM: Tumor/node/metastasis; Gal-1: Galectin-1.

In this section we summarize the available knowledge of
Gal-1 expression in GC and its contribution to progression.

markers. In GC, EMT is regulated through activation of
glioma-associated oncogene 1 (Gli1), a key member of
the Hedgehog (Hh) signaling pathway. The adherens
protein E-cadherin is an epithelial marker which
expression and localization are frequently deregulated
in GC. It was found that Gal-1 expression in GC tissues
was positively correlated with Gli-1 and vimentin (a
mesenchymal cell marker) expression but negatively
[36,37]
associated with E-cadherin expression
.
Furthermore, Gal-1 was positively associated with
VEGF, suggesting that both molecules can serve as
[32,41]
indicators of poor prognosis for GC patients
.
Cancer-associated fibroblasts (CAFs), one of the major
components of tumor stroma, contribute to cancer cell
proliferation, invasion and metastasis. A potent inducer
of fibroblast transformation into CAFs is transforming
growth factor beta 1 (TGF-β1), a cytokine elevated in
tumor microenvironments. Interestingly, increased
levels of Gal-1 were observed in CAFs isolated from
GC patient tissues compared to fibroblasts from
[33,34,41]
adjacent normal mucosa (NFs)
. Also, a positive
correlation between Gal-1 and TGF-β1 in GC tissues
[33]
was described . Moreover, Gal-1 expression in CAFs
[34]
correlated with β 1 integrin expression in GC tissues .
This integrin is a cell adhesion receptor with various
functions in cancer biology, such as proliferation,
invasion and migration. Staining intensities of both β 1
integrin and Gal-1 were associated with lymph node
and distant metastasis and tumor/node/metastasis
(TNM) stage of clinicopathological parameters. Strong
intensity of double positive samples was associated
[34]
with poor prognostic and low survival .
Therefore, elevated Gal-1 levels in GC tissues, mainly
in stromal cells, are associated with tumor progression
(Figure 1). Besides, Gal-1 expression may be related
to EMT and metastasis. Further studies are required to
confirm the usefulness of Gal-1 as a prognostic factor for
GC.

Gal-1 expression in human GC tissues, correlation
with clinicopathological parameters and prognostic
significance

One of the main features of intestinal-type GC is
chronic inflammation, which leads to precancerous
lesions. High Gal-1 immunostaining was observed
in premalignant chronic gastritis, gastric ulcer and
intestinal metaplasia lesions, both in epithelium
and stroma, suggesting Gal-1 involvement in gastric
[30,31]
carcinogenesis
. In addition, Gal-1 overexpression
in gastric adenocarcinoma tissues vs normal mucosa
[30-34]
was reported
. Gal-1 was highly expressed in tumorassociated stromal cells and weakly expressed in cancer
epithelial cells. Interestingly, Gal-1 staining intensity
in tumor-associated stroma significantly correlated
with tumor location, invasion, differentiation, tumor
[32,33,35-37]
stage and lymph node metastasis
. Moreover,
patients with high stromal Gal-1 expression exhibited
a lower five-year survival rate respect to patients with
[32,33,37]
low expression
.
Although low Gal-1 expression in cancer epithelial
cells in intestinal-type GC was observed, this galectin
was detected in tumor cells of signet ring cell carcinoma
[38]
(SRCC), a diffuse type of gastric carcinoma . These
differences could be explained by the specific SRCC
oncogenesis which differs from that of tubular gastric
[39]
adenocarcinoma .
A crucial step during cancer progression is epithelialmesenchymal transition (EMT), which involves changes in
cell-cell and cell-matrix interactions and cell motility, allowing
[40]
tissue epithelial cancers to invade and metastasize .
During EMT, tumor cells change their epithelial cell
morphology toward a fibroblastoid phenotype, being
this process favored by the downregulation of epithelial
cell markers and the up-regulation of mesenchymal
WJG|www.wjgnet.com
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Gal-1 contribution to GC development and angiogenesis
in experimental models

[37]

the up-regulation of Gli1 and the invasion-promoting
[34]
effect of CAF-derived Gal-1 . These results suggest
an essential role of β 1 integrin in the Gal-1-induced
EMT and metastasis in GC. Moreover, high expression
of Gal-1 in gastric CAFs increased human umbilical
vein endothelial cell proliferation, migration, tube
[41]
formation and VEGFR-2 phosphorylation .
The immunosuppressive transcription factor FoxP3 was
found to be expressed not only in regulatory T cells (Tregs)
but also in SRCC tissues. Remarkably, Gal-1 expression
was downregulated when FoxP3 was silenced in SRCC[38]
derived OCUM-2M cells . These findings suggest that
FoxP3 expressed both in Tregs and SRCC tumor tissues
may be important for Gal-1 tumor expression, which may
subsequently induce immunosuppression.
As Gal-1 is a glycan-binding protein, alterations in
the glycosylation pattern of its ligands within tumor
microenvironment may affect galectin functions. For
example, GnTV deficiency prevented Gal-1 binding
to endothelial cells and decreased tumor growth by
[46]
attenuating aberrant vascularization . Particularly
in GC, diverse alterations in cell glycosylation pattern
modulate tumor cell behavior. GnTV overexpression
[47-49]
in GC contributes to cell invasion and metastasis
.
Interestingly, GnTV up-regulation in MKN45 GC cells
induced cell migration mediated by α 3β 1 integrin
[50]
glycosylation
and EMT involving E-cadherin glyco
[51]
sylation . Thus, not only an alteration in Gal-1 protein
levels but also the aberrant glycosylation pattern of
its ligands, such as integrins, may contribute to GC
progression.
Thus, Gal-1 has a relevant role in the crosstalk between
GC and stromal cells, favoring tumor cell proliferation,
EMT and dissemination and angiogenesis (Figure 2).
Altogether, these findings point that Gal-1 regulates
key steps during GC progression.

The administration of N-methyl-N´-nitro-N-nitro
soguanidine (MNNG), a carcinogen that destroys
stomach mucous barrier, constitutes a rat GC model in
which animals develop benign and malignant lesions
[42]
with an inflammatory cell-enriched stroma . Enteric
nervous system regulates immune and inflammatory
processes thus, chemical myenteric denervation
[43]
reduces MNNG-induced GC incidence . Remarkably,
Gal-1 was highly expressed in nondenervated-rat
stomachs, whereas chemical myenteric denervation
[42]
downregulated Gal-1 expression . Thus, the decrease
in Gal-1 levels had a protective role in this model,
associated with a reduced density of inflammatory
cells.
Further, the role of CAF-derived Gal-1 in tumor
growth and angiogenesis was studied using the chick
[41]
embryo chorioallantoic membrane (CAM) assay . NFs
or CAFs obtained from human samples were co-cultured
with SGC7901 GC cells and injected into CAMs. Also,
Gal-1 was overexpressed or silenced in CAFs. Both tumor
volume and number of blood vessels were significantly
higher with Gal-1-overexpressing CAFs respect to control
[41]
CAFs and NFs .
These results suggest that Gal-1 participates in the
development of experimental GC and that CAF-derived
Gal-1 promotes gastric tumor growth and angiogenesis
(Figure 2).

Molecular mechanisms associated with GC progression
induced by Gal-1

Studies in human tissues suggest an association
between Gal-1 expression and EMT in GC. Interestingly,
the expression of cell adhesion-related genes in H.
pylori-infected AGS GC cells was analysed by cDNA
microarray. It was found that Gal-1 and α 5 integrin
genes were up-regulated, whereas E-cadherin gene was
[44]
downregulated, compared to cells without infection .
Furthermore, Gal-1, β -catenin, vimentin, α 6 and β 4
integrin expression was elevated in high metastatic
[36,45]
GC cell lines compared with low metastatic cells
.
Besides, Gal-1 overexpression in MKN-74 low invasive
cells decreased E-cadherin and increased Gli1 levels,
[36]
activating Hh pathway and favoring cell invasion .
Further, the role of Gal-1 in the interaction between
GC and stromal cells was studied. TGF-β 1 secreted
by MKN7 GC cells up-regulated Gal-1 in NFs in a
phosphoinositide 3-kinase (PI3K)/AKT-dependent
manner. Interestingly, Gal-1 induced the expression
of α-smooth muscle actin (α-SMA, a myofibroblast
[33]
marker) favoring transformation from NFs to CAFs .
Besides, CAF-derived Gal-1 inhibited apoptosis and
promoted EMT, migration and invasion of several
GC cell lines, decreasing E-cadherin expression but
[37]
enhancing vimentin, Gli1 , matrix metallopeptidase
[33]
[34]
[41]
(MMP) 9 , β 1 integrin
and VEGF
expression.
Moreover, silencing β 1 integrin in GC cells prevented
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ROLES OF GAL-1 IN HEPATOCELLULAR
CARCINOMA
Hepatocellular carcinoma (HCC), the most common type
of liver cancer, is the third cause of cancer-related deaths.
Risk factors include chronic hepatitis B or C virus infection,
[52]
alcohol abuse and non-alcoholic fatty liver disease .
HCC usually develops in the background of chronic liver
[53]
inflammation, advanced fibrosis and cirrhosis . Thus,
it arises not only as a consequence of the molecular
changes that occur in transformed hepatocytes, but also
due to the crosstalk between diverse cells and molecules
[54]
within tumor microenvironment .
During the past decade new advances led to an earlier
[55]
detection of HCC . Additionally, current therapies such
as, resection, transplantation and chemoembolization,
benefit patients diagnosed at early HCC stages improving
[56,57]
and extending their survival
. However, most patients
are diagnosed at advanced stages and therefore, they
are not amenable to surgery. Even after resection or
transplantation, the prognosis remains unsatisfactory
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Figure 2 Proposed models of Galectin-1 contribution to the progression of gastric cancer, hepatocellular carcinoma, colorectal cancer and pancreatic
ductal adenocarcinoma. Galectin-1 (Gal-1) has key functions in tumor and tumor-associated stromal cells, favoring tumor cell proliferation and dissemination,
angiogenesis and immunosuppression. A high exposure of Gal-1 glycan partners also contribute to tumor progression. ECM: Extracellular matrix; EMT: Epithelialmesenchymal transition; GnTV: β1,6-N-acetylglucosaminyltransferase V; HSC: Hepatic stellate cell; PSC: Pancreatic stellate cell; TGF-β1: Transforming growth factor
beta 1.

the development of novel therapies.
Here we review the accumulating evidence that points
towards a remarkable role of Gal-1 in HCC progression,
aggressiveness and metastasis.

due to recurrence, metastasis and the development of
[58,59]
new primary tumors
.
Recent progress toward a better understanding of HCC
has shed light on new molecular targeted and systemic
therapies. Sorafenib, a multikinase inhibitor targeting VEGF,
platelet-derived growth factor and RAF signaling pathways,
prolongs survival in patients with advanced unresectable
[60,61]
[60]
HCC
. Despite the modest increase in survival ,
undoubtedly the approval of oral administration of
sorafenib highlights the importance of elucidating the
molecular mechanisms underlying HCC progression for
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Gal-1 expression in human HCC tissues, correlation with
clinicopathological parameters and prognostic value

While in human normal or adjacent non-tumor liver
tissues Gal-1 is expressed at low levels, in HCC its
[62-66]
expression is dramatically up-regulated
. The
transcription start site of Gal-1 gene promoter was
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frequently methylated in non-tumor liver, whereas
[63]
it was hypomethylated in HCC tissues . Besides,
Gal-1 was significantly increased in HCC samples
from patients with metastasis compared to those
harboring a non-metastatic primary tumor and it
was found accumulated in the stroma surrounding
[64]
tumor hepatocytes . Accordingly, Gal-1 was highly
expressed in stromal α -SMA-positive cells in HCC,
indicating that Gal-1 is overexpressed in hepatic
[66]
stellate cells (HSCs) .
The prognostic value of Gal-1 in HCC patients was
recently evaluated. Elevated Gal-1 expression in HCC
was significantly associated with tumor aggressiveness
(vascular invasion, incomplete encapsulation, poor
differentiation and large tumor size), dissemination
[65]
and enhanced risk of post-operative recurrence .
Additionally, high stromal Gal-1 expression in HCC
was correlated with tumor size, TNM stage and distant
metastasis and negatively correlated with patient
[66]
prognosis . Moreover, in HCC samples, an inverse
correlation between miR-22 and Gal-1 expression was
[66]
[67]
found . miR-22 is downregulated in HCC and Gal-1
has been predicted to be a target of miR-22.
Furthermore, a positive correlation was observed
+
between Gal-1 expression and tumor-infiltrating FoxP3
[65]
Tregs in HCC tissues . Since Gal-1 is a key regulator
+
+
of CD4 CD25 Tregs, which in turn play an essential
[68]
role in suppression of anticancer immunity , the
interaction between Gal-1 and Tregs might play a
role in immunosuppression against HCC. Recently,
it was shown that patients with advanced HCC had
significantly higher serum Gal-1 levels than healthy
[69]
volunteers . These elevated serum levels correlated
with poor treatment efficacy of sorafenib and were an
independent factor associated with poor progress-free
[69]
survival and overall survival .
These findings demonstrate that Gal-1 overexpression
in HCC tissues correlate with tumor aggressiveness
and support the potential use of Gal-1 as a novel
predictive and prognostic biomarker of HCC (Figure 1).

together mimic the evolution of human disease .
Gal-1 showed a strain-dependent protective antiinflammatory function at early stages delaying HCC
development. Remarkably, Gal-1 deficiency in knockout mice resulted in a significant retardation of liver
regeneration, evidenced by a delay in hepatocyte
proliferation, liver mass restoration and macrophage
recruitment and a decrease in transient liver post[74]
partial hepatectomy steatosis .
These findings revealed that Gal-1 controls hepa
tocarcinogenesis. It may act as a protective antiinflammatory agent at early stages of the chronic liver
pathology, but as a pro-tumorigenic agent at late stages,
contributing to HCC growth and metastasis (Figure 2).

Functional studies associated with HCC progression,
dissemination and chemoresistance induced by Gal-1

Gal-1 overexpression observed in HCC human tissues
[63,64]
was confirmed in cell lines
. In fact, Gal-1 mRNA
levels were higher in more invasive and undifferen
tiated human HCC cell lines as compared to welldifferentiated HCC cells and normal liver cells. Inter
estingly, a methylation-sensitive factor was essential
[63]
for Gal-1 gene activation in HCC cells .
Furthermore, the correlation between increased
expression of Gal-1 in HCC and the presence of
metastasis was validated by in vitro functional studies.
Notably, Gal-1 overexpression increased human HuH-7
HCC cell migration and invasion through Sky receptor
[64]
tyrosine kinase phosphorylation . Next, our studies
provided evidence of Gal-1 as a glycan-dependent
[70]
modulator of HepG2 cell adhesion and polarization .
The pro-adhesive effect of Gal-1 was mediated by
α1, α2, α3, αv and β 1 integrins and PI3K and/or ex
tracellular signal-regulated kinase (ERK) 1/2 signaling
[70]
pathways . Recently, we also demonstrated that
increased levels of Gal-1 induced EMT in HCC cells,
involving PI3K/AKT and WNT/β-catenin proliferative
[75]
signaling pathways . Gal-1 up-regulation in HepG2
cells induced E-cadherin downregulation and increased
levels of the transcription factor Snail, one of the main
inducers of EMT in HCC. Moreover, enhanced Gal-1
expression favored the transition from an epithelial
cell morphology toward a fibroblastoid phenotype,
vimentin up-regulation and resistance to anoikis
(programmed cell death induced upon cell detachment
[75]
from extracellular matrix) .
The glycosylation pattern of HCC cells also changes
during EMT. Particularly, an increase of GnTV-mediated
β1-6 N-glycan branching and a decrease of α2,6
sialylation (structure capable of precluding Gal-1 binding)
[76]
were observed in HuH-7 cells undergoing EMT .
Interestingly, GnTV was increased in high metastatic
[77]
HCC cells as compared to low metastatic cells , in
the liver of a murine model of hepatocarcinogenesis as
[78]
well as in regenerative liver . Further, tetra-antennary
glycans and GnTV expression were increased in HCC
samples and positively correlated with TNM stage and

Gal-1 contribution to tumorigenesis, metastasis and
chemoresistance in HCC experimental models

Gal-1 role in HCC tumor growth and metastasis in vivo
was evidenced. We found an increase in tumor volume
and in the number of draining-tumor lymph nodes
in athymic mice injected with Gal-1-overexpressing
[70]
human HepG2 HCC cells, respect to control mice .
Recently, Gal-1 involvement in HCC chemoresistance
was also demonstrated. Cisplatin anti-tumor activity
was enhanced with the administration of the galectin
inhibitor thiodigalactoside in a mouse hepatoma
[71]
model .
Interestingly, a dual role of Gal-1 in liver inflammation
and tumorigenesis has been dissected in multidrug
[72]
resistant knock-out mice . This is an experimental
model of inflammation-induced chronic cholestatic
hepatitis at an early age and HCC at a later age, which
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impaired clinical outcome in patients
. Thus, these
findings suggest that Gal-1-specific glycan epitopes
are more exposed during HCC cell dissemination.
Regarding HCC cell growth and/or proliferation,
extracellular Gal-1 (recombinant protein) attenuated
cell cycle progression and induced apoptosis of HepG2
[81,82]
cells via interaction with α 5β 1 integrin
. Remarkably,
during the early stages of HCC, TGF-β1 acts as a tumor
suppressor; however in advanced stages, HCC cells
lose their cytostatic response to this cytokine and
undergo EMT. Recently, we demonstrated that TGF-β1
induced Gal-1 expression and secretion by HepG2
and HuH-7 cells. At the same time, intracellular Gal-1
modulated HepG2 cell proliferation and sensitivity to
[83]
TGF-β1-induced growth inhibition . Therefore, Gal-1
and TGF-β1 might function coordinately within the HCC
microenvironment to regulate tumor growth, invasion
and metastasis.
Concerning the interaction between tumor hep
atocytes and stromal cells, we demonstrated that Gal-1
secreted from HCC cells promoted human SK-HEP-1
liver sinusoidal endothelial cell (LSEC) proliferation and
migration and glycan-dependent HCC cell adhesion
[83]
to LSECs . Also, Gal-1 was augmented in activated
[66,84]
compared to quiescent rat and human HSCs
and
stimulated HSC proliferation and migration through
carbohydrate-dependent mechanisms via ERK1/2
[85]
signaling pathway . Recently, it was shown that HSC+
derived Gal-1 promoted CD3 T-cell apoptosis and
[66]
Th1/Th2 cytokine balance skewing . Remarkably,
miR-22 inhibited Gal-1 expression in HSCs and its
immunosuppressive function. Furthermore, HSCs
isolated from HCC tissues exhibited higher Gal-1
expression and more powerful immunosuppression
[66]
than HSCs derived from normal liver samples .
As for the role in HCC chemoresistance, Gal-1
expression and secretion increased in sorafenib-resistant
HuH-7 cells (HuH-7-R) through the AKT/mammalian
target of rapamycin (mTOR)/hypoxia inducible factor
(HIF)-1α pathway. Interestingly, Gal-1 downregulation
suppressed migratory and invasive abilities of HuH-7-R
[69]
cells and restored sorafenib sensitivity . Besides, Gal-1
induced chemoresistance to cisplatin in HepG2 and
HuH-7 cells in a glycan-dependent manner, inhibiting
[71]
AKT/mTOR signaling and triggering autophagy .
Thus, high levels of Gal-1 in tumor microenvironment
induce HCC cell proliferation, EMT and dissemination,
angiogenesis, immunosuppression and chemoresistance
(Figure 2). Collectively, these findings reveal key roles of
Gal-1 in HCC progression. Furthermore, Gal-1 represents
a promising target to confront HCC chemoresistance.

Patients early diagnosed have a 5-year survival rate
of 90%-95% following surgical resection. However,
metastasis are present in approximately 20% of
[87]
patients at initial diagnosis
and half patients will
[88,89]
develop metastatic disease
. When diagnosed at
advanced stages, treatment consists of a combination
of surgery, chemotherapy and radiotherapy and the
[90]
5-year survival rate is only 5%-10% .
[89]
The greatest risk factor for CRC is increasing age .
Sporadic CRC, due to somatic mutations, account
for about 70% of all cases. Familial CRC, a group of
diseases harboring familial predisposition to develop
CRC, is about 10%-30%, whereas hereditary diseases
[91]
are 5%-7% . CRC develops through a gradual
accumulation of genetic and epigenetic changes,
leading to the transformation of normal colonic mucosa
[86,89]
into invasive cancer
. Some typical activating gene
mutations arise on members of WNT signaling pathway
and KRAS oncogene and inactivating mutations occur
[92]
on the TP53 tumor suppressor gene .
Despite the recent achievements in the understanding
of colorectal carcinogenesis, the incidence and mortality
rates highlight the need for new diagnostic markers
of early disease, an improved understanding of tumor
progression and the identification of new genes and/or
pathways contributing to malignancy.
In this section we analyze the current knowledge on
the roles of Gal-1 in CRC progression and its potential
use as therapeutic target.

Gal-1 expression in human CRC tissues, correlation
with clinical features and potential use as biomarker

Positive Gal-1 expression was detected in CRC
tissues many years ago, by immunohistochemistry and
[93,94]
Western blot
. Gal-1 levels were low in normal and
neoplastic epithelial cells, but the stroma showed a
progressive Gal-1 overexpression from normal mucosa
[95]
to adenomas and carcinomas . Gal-1 increase in CRC
tissues was further confirmed by several studies, but
[96-101]
discrepancies on Gal-1 localization were found
.
Some studies reported marked Gal-1 expression both
in epithelial and stromal compartments, while others
emphasized Gal-1 strong expression mainly in stroma.
In addition, Gal-1 staining was faint in endothelial
cells of normal tissues but strong in CRC-associated
endothelium, especially in proliferating endothelial
[15]
cells .
Concerning the correlation with patient clinical
features, contradictory results were obtained. Epithelial
Gal-1 levels in early stage samples were associated with
[97]
short survival . Furthermore, Gal-1 expression was
related to tumor invasion and lymph node involvement,
[98]
but not to tumor differentiation . However, no
correlation was found between stromal Gal-1 expression
and tumor size, stage, differentiation, nor with
[95]
patient survival or relapse-free probability . Hence,
increasing the number of cases analysed is crucial to
reach a more reliable conclusion. Gal-1 expression
was also higher in biopsies from radiotherapy-

ROLES OF GAL-1 IN COLORECTAL
CANCER
Colorectal cancer (CRC) is the fourth cause of cancer[1]
related deaths . Nowadays, various techniques
[86]
are available to detect CRC as precursor lesions .
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responder patients with rectal cancer than in those
[102]
from nonresponders . Thus, Gal-1 gene expression
profiling was suggested to be useful in predicting the
response to radiotherapy.
Some studies focused on the evaluation of circulating
Gal-1 levels as possible biomarkers or prognosis
predictors. An increase of plasma Gal-1 levels in CRC
patients respect to healthy controls was detected. These
levels were already increased in CRC early stages
and importantly, were found decreased after patient
[101]
surgery . Also, high serum Gal-1 positively correlated
[19,103]
with tumor stage and lymph node metastasis
.
The expression of accessible binding sites specific
for Gal-1 (determined by biotinylated Gal-1) increased
[96]
with dysplastic and malignant progression .
Moreover, the increase in β1,6-branched structures
in CRC human samples was associated with lymph
node metastasis and decreased survival rates in CRC
[104]
patients
. Accordingly, GnTV overexpressed in CRC
[105]
tissues correlated with metastasis . Remarkably, the
up-regulation of a novel glycosiltransferase, β3GnT8,
which can extend polylactosamine on N-glycans, was
[106]
also described in CRC tissues .
Thus, overexpression of Gal-1 and a high exposure
of its glycan partners in CRC tissues correlate with
tumor progression. Further studies are required to
confirm its potential use as a biomarker for CRC (Figure 1).

effect was glycan-dependent with the involvement of
PI3K and mitogen-activated protein kinase signaling
[114]
pathways
. Of note, GnTV overexpression in CRC
cell lines induced resistance to anoikis and WNT
[115]
signaling activation .
Other Gal-1 roles in CRC cells seem to depend on
whether the lectin is localized intra- or extracellularly
and the cell line analysed. A Gal-1-enriched ECM
[96]
decreased HCT-15, LoVo and CoLo201 cell motility ,
thus extracellular Gal-1 reduces CRC cell migration.
Instead, contradictory effects were observed modi
fying intracellular Gal-1 expression. Silencing Gal-1
inhibited SW620 cell invasion and migration induced
[98]
by hypoxia . In contrast, Gal-1 up-regulation in
LS-180 cells significantly decreased cell migration and
[108]
invasion .
Regarding cell viability, Gal-1 overexpression
[108,114]
induced Colo201 and LS-180 cell apoptosis
, but
extracellular Gal-1 had no effect on HCT-15, LoVo,
[81,96,114]
DLD-1, HT-29, Caco-2 and Colo201 cell growth
.
Interestingly, α 5 integrin ectopic expression sensitized
HT-29 and Caco-2 cells to exogenous Gal-1-induced
growth inhibition, indicating that Gal-1-α 5 integrin
[81]
interaction attenuated cell cycle progression .
Further, Gal-1 overexpression induced LS-180
cell cycle arrest and apoptosis with concomitant
downregulation of WNT and nuclear factor kappa B
[108]
(NF-κ B) signaling pathways
. Conversely, Gal-1
interaction with protocadherin-24 (a non-classical
cadherin downregulated in CRC cells) enhanced
Gal-1 retention in HCT116 CRC cell membranes. This
interaction abolished Gal-1-mediated PI3K activation
[116]
and decreased nuclear β-catenin in cells , suggesting
that protocadherin-24 loss and Gal-1 up-regulation
may lead to proliferative WNT signaling activation in
these cells.
These findings show the relevance of Gal-1-glycan
interaction in CRC cell adhesion and the complexity of
Gal-1 function in CRC cell migration and growth (Figure
2). Therefore, further studies are required to decipher
the mechanisms by which proliferative signaling
pathways are regulated in CRC cells expressing
endogenous Gal-1.

Molecular mechanisms associated with CRC cell
adhesion, migration and growth/proliferation modulated
by Gal-1

Gal-1 expression was analysed in many cell lines.
Gal-1 mRNA was detected in normal colon and
CRC cells, whereas Western blot analysis showed
[96,107-109]
variable Gal-1 expression
. Further, when
global protein expression was analysed in human
poor and high metastatic CRC cell lines, Gal-1 was
[110]
identified as a protein differentially expressed
.
Mechanisms accounting for gene regulation were also
studied. Gal-1 expression was induced by sodium
butyrate, a differentiation-inducing agent and by the
hypoxia-related transcription factor HIF-1α in CRC
[98,108,111,112]
cells
. Interestingly, epigenetic regulation of
Gal-1 expression was also observed. It was revealed
that promoter methylation contributes to silencing
[108]
Gal-1 gene transcription in CRC cells .
The role of Gal-1 and its cell surface glycan partners
in CRC cell adhesion was evaluated. The inhibitor of
N-acetyllactosamine synthesis, 2-Acetamido-l,3,6tri-O-acetyl-4-deoxy-4-fluoro-a-D-glycopyranose,
impaired HT-29 cell adhesion to Gal-1. This decreased
attachment correlated with reduced levels of cell
surface lysosome-associated membrane proteins
[113]
(LAMP)
. Moreover, LAMP-1, LAMP-2 and carci
noembryonic antigen were identified as the major Gal[112]
1-binding glycoproteins in CRC cells
. Gal-1 was
capable as well of inducing Colo201 CRC cell adhesion
[114]
to ECM glycoproteins . Moreover, Gal-1 pro-adhesive
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In vivo studies of Gal-1 role in CRC

Nonsteroidal anti-inflammatory drugs such as
indomethacin (IN) exert anti-CRC activity via a cy
clooxygenase-independent mechanism. Oral
administration of IN significantly suppressed CRC
[117]
growth of HCT116 xenografts in BALB/c-nude mice .
Of note, by using proteomic tools, it was demonstrated
that IN downregulated Gal-1 expression in CRC,
suggesting that IN-anti-proliferative activity against
[118]
this tumor might be related to Gal-1
. However,
the role of Gal-1 in CRC tumor growth still remains
uncertain.
Alternatively, GnTV involvement in colon tum
origenesis was already investigated. Interestingly,
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GnTV levels in CRC cells injected into nude mice were
positively associated with tumor growth. Moreover,
min/using a CRC murine model (Apc
) with different
GnTV backgrounds, it was shown that GnTV knockout resulted in reduced tumor size, increased animal
survival and a decrease in colon cancer stem cell
population. Furthermore, GnTV regulated WNT/β-catenin
[115]
signaling pathway .
Strikingly, although much research focused on
Gal-1 expression and function in human CRC tissues
and cell lines, no confirmation of Gal-1 roles on CRC
progression was obtained through experimental
models. Even though extensive studies are required to
evaluate Gal-1 function in vivo, we can speculate that
Gal-1 and GnTV may act coordinately to influence CRC
progression.

from normal pancreas to chronic pancreatitis, PanIN
[125,130-133]
lessions and PDAC
. Moreover, Gal-1 expression
was significantly higher in poorly differentiated PDAC
tumors compared to well/moderately differentiated
[133,134]
ones
. Gal-1 expression was essentially restricted
to the peritumoral stroma, with low expression within
[125,126,131-133]
the neoplastic epithelium
. Concomitantly,
stromal Gal-1 expression correlated with pancreatic
[135]
fibrosis, a process that can develop cancer .
Within tumor stroma, Gal-1 was detected in α-SMA
positive regions (activated pancreatic stellate cells,
PSCs). Gal-1-expressing PSCs were scattered in
chronic pancreatitis tissues, but they formed a tight
fibrotic barrier surrounding the tumor in PC samples.
+
Interestingly, CD3 T cells were found to surround
malignant cells in PDAC tissues with few infiltrating
T cells in the tumor parenchyma. These results
suggested that Gal-1-expressing PSCs can prevent
+
[132]
CD3 T cells from infiltrating the pancreatic tumor .
Notably, stromal Gal-1 expression in PC tissues was
associated with an increase in tumor size, lymph node
metastasis, perineural invasion and differentiation and
[130,134]
served as an indicator of poor survival
. Accordingly,
after quantitative proteomic profiling analysis of PDAC
tissues, Gal-1 was suggested as a negative predictor
[131]
of PC survival .
Thus, high levels of Gal-1, mainly in stroma, play
fundamental roles early in PC tumorigenesis and
progression (Figure 1).

ROLES OF GAL-1 IN PANCREATIC CANCER
Pancreatic cancer (PC) is a highly lethal disease, for
which incidence matches mortality. Pancreatic ductal
adenocarcinoma (PDAC), the most common type of
PC, is one of the most aggressive tumors. The overall
5-year survival rate for this malignancy remains the
lowest of any cancer (7%), due to limited diagnostic
methods, disease aggressiveness and lack of targeted
[119]
therapeutic interventions .
Major risk factor for PC is chronic pancreatitis.
Tumors often develop from microscopic non-invasive
epithelial proliferations within the pancreatic ducts,
referred to as pancreatic intraepithelial neoplasias
[120]
(PanINs)
. Mutations in KRAS, CDKN2A and TP53
oncogenes and in tumor suppressor gene SMAD4
[121]
usually drive to PDAC
. Emerging data have high
lighted the important contribution of tumor stroma
in PC maintenance, progression and also, in chemo
[122]
therapy resistance .
Treatment options have improved throughout
the last decades. However, surgery remains the
primary therapy and candidates to this intervention
[121]
represent a very low percentage
. Furthermore,
efficacy of conventional chemoradiotherapy for PDAC
[123]
patients is limited
. Hence, a better understanding
of the mechanisms underlying PC development and
progression is needed.
In this section we provide an overview of the
relevant contribution of Gal-1 to PC progression.

Gal-1 involvement in PC progression in experimental
models

Transgenic mice overexpressing the oncogene Myc
under the control of elastase promoter (Ela-myc)
[136,137]
constitute a well-characterized model of PC
. In
tumors from Ela-myc mice, strong Gal-1 expression
[138,139]
was detected in both epithelial and stromal cells
.
Interestingly, Gal-1 depletion in these mice resulted
in tumor microenvironment remodeling, rendering
a decrease in tumor proliferation, angiogenesis and
fibroblasts activation and an increase in T-cell and
neutrophil infiltration and animal survival. Furthermore,
levels of transcription factor Gli and Hh receptor
[138]
Patched were reduced in Gal-1-depleted mice . HhGli pathway is involved in the initiation and progression
of PDAC. Thus, these findings evidence a critical role of
Gal-1 in PC development and progression through the
Hh-Gli pathway.
Moreover, xenografts of wild-type or Gal-1-depleted
PC cells injected in nude mice showed no differences
[138]
in tumor progression
. Accordingly, implanted PC
cells produced small tumors, which progressed slowly;
whereas addition of PSCs to the implanted cancer cells
[130]
resulted in large tumors with quick progression
.
Also, cancer cells implanted with PC-associated
PSCs exhibiting high levels of Gal-1 developed larger
tumors, than those that were implanted with PSCs
[130]
from normal pancreas . These results point out the

Gal-1 expression in human PC tissues, correlation
with clinicopathological parameters and prognostic
significance

Proteomic approaches were applied to identify proteins
differentially expressed in normal and pathological
human pancreas. While Gal-1 was undetectable in
normal pancreas, its expression was up-regulated in
[124-129]
PC
. These results, validated by Western blot and
immunohistochemistry, showed that Gal-1 protein
expression and staining intensity increased gradually
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crucial contribution of tumor microenvironment in Gal-1induced effects in pancreatic carcinogenesis.
The field of nano-oncology offers the possibility to
use glycan-based galectin inhibitors or glycan ligandbased functionalized nanoparticles for diagnostic,
[7]
prognosis and therapeutic purposes . In this regard,
taking advantage of Gal-1 up-regulation in PC, the
delivery of magnetic nanoparticles using Gal-1 as a
[140]
target receptor to PC tissues was described
. As
targeting moieties, glycosylated peptides derived from
tissue plasminogen activator (tPA) were covalently
[140]
attached onto the nanoparticle surfaces
. tPA is a
multifunctional protein overexpressed in PDAC and
was described as a ligand of Gal-1 in pancreatic
[139,141]
tissues
. Through magnetic resonance imaging
of mouse PANC-1 xenografts, an increased uptake of
targeted nanoparticles vs non-targeted nanoparticles
[140]
was shown
. This result suggests that Gal-1 may
serve as a strong candidate for PC therapy and opens
up a window of theranostics (integrated diagnostic
imaging and therapy) for this disease.

Interestingly, several studies demonstrated that
activated PSCs express and secrete high levels of
Gal-1. The expression of this galectin was higher
in PSCs isolated from PDAC samples (CaPSCs)
than those isolated from normal pancreatic tissues
[130,132,134,146-149]
(NPSCs)
. Remarkably, Gal-1 knock-down
in human PSCs reduced cell migration and invasion.
Besides, exogenous Gal-1 was capable of inducing
proliferation, collagen synthesis and chemokine
production in rat PSCs, involving MEK1/2-ERK1/2
and c-Jun N-terminal kinase signaling pathways and
transcription factors NF-κB and activator protein-1
[148,149]
activation
. Further, Gal-1 expression in PSCs
was induced by conditioned media from CFPAC-1 PC
[146]
cells . Besides, CFPAC-1 cells co-cultured with PSCs
showed an increase in MMP-2 and MMP-9 expression
and a stronger ability to proliferate and invade than
their counterparts alone. These effects were more
pronounced in cancer cells co-cultured with CaPSCs
than those ones with NPSCs and were partially blocked
[130,146]
in the presence of lactose, a galectin inhibitor
.
Furthermore, PSC-derived Gal-1 involvement in tumor
immunosuppression was reported. Gal-1-overexpression
+
in activated PSCs decreased CD3 T cell viability and
skewed the cytokine secretion balance towards a Th2
[132,134]
immune response
.
Altogether, the results discussed herein reveal
that a coordinated regulation of Gal-1/Gal-1 counterreceptor expression and glycosylation may lead to
PC progression. Besides, Gal-1 might mediate the
crosstalk between PC and the surrounding stroma by
modulating Hh-Gli signaling pathway, favoring EMT,
migration and immunosuppression (Figure 2).

Functional studies associated with PC progression
induced by Gal-1

Gal-1 expression was detected in several PC cell lines.
During CFPAC-1 cell migration, Gal-1 localized at cell
[139]
membranes, at the migration front
. There, it co[139,141]
localized with its ligand tPA
. Gal-1 downregulation
in CFPAC-1 cells markedly decreased tPA-induced
ERK1/2 activation, cell proliferation, migration and
[139]
invasion
. These findings support a new molecular
mechanism by which Gal-1 interaction with tPA
contributes to PDAC progression. In this interaction,
tPA glycosylation was required. Interestingly, the
modulation of glycosylation via galectin binding, with
[142-144]
functional implications, was reported
. The tumor
suppressor p16INK4a induced Gal-1 up-regulation
and increased expression of α 5β 51 integrin at cell
surfaces. Besides, p16INK4a changed cell glycosylation
pattern, reducing glycoprotein α 2,6 sialylation. As
a consequence, the susceptibility to carbohydratedependent induction of anoikis was increased through
[142-144]
Gal-1-α 5β 51 integrin interaction
. Moreover, the
downregulation of MUC16, a heavily glycosylated
type-I transmembrane mucin overexpressed in PDAC
[145]
decreased PC cell adhesion to Gal-1 .
Global analysis of differentially expressed genes
in control and Gal-1-silenced PANC-1 cells revealed
that Gal-1 levels correlate with genes involved in cell
migration, adhesion and malignant transformation and
[138]
with genes of the Hh-Gli axis
. Gal-1 downregula
tion reduced PANC-1 cell migration, motility and
resistance to anoikis and increased the expression
of fibronectin-1, integrin-α 5, thrombospondin-1 and
[138]
E-cadherin . Moreover, Gal-1 silencing decreased the
expression of upstream and downstream effectors of
Hh-Gli axis both in PC cells and PSCs. On the contrary,
Gal-1 overexpression in PDAC cells led to increased Gli
[138]
transcriptional activity .

WJG|www.wjgnet.com

CONCLUSION
The evidence we summarized here reveals the crucial
contribution of Gal-1 to the pathogenesis of gastrointestinal
malignancies. Remarkably, increased levels of Gal-1
in gastrointestinal tumor microenvironment favor
progression, aggressiveness and metastasis. We
also highlighted that alterations in Gal-1-specific gly
coepitopes may be relevant for gastrointestinal cancer
development. Undoubtedly, further functional studies
are required. Yet, we are hopeful that researchers will
get inspired by the findings obtained so far and will join
efforts to elucidate the fascinating roles of Gal-1 and
its glycan-partners, in these diseases. Thus, Gal-1-targeted
therapies could be implemented in future interventions
in gastrointestinal tumors.
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Abstract
Hepatocellular carcinoma (HCC) is the most frequ
ent primary liver malignancy and the third cause
of cancer-related death in the Western Countries.
The well-established causes of HCC are chronic liver
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infections such as hepatitis B virus or chronic hepatitis
C virus, nonalcoholic fatty liver disease, consumption of
aflatoxins and tobacco smocking. Clinical presentation
varies widely; patients can be asymptomatic while
symptomatology extends from right upper abdominal
quadrant paint and weight loss to obstructive jaundice
and lethargy. Imaging is the first key and one of the
most important aspects at all stages of diagnosis,
therapy and follow-up of patients with HCC. The
Barcelona Clinic Liver Cancer Staging System remains
the most widely classification system used for HCC
management guidelines. Up until now, HCC remains
a challenge to early diagnose, and treat effectively;
treating management is focused on hepatic resection,
orthotopic liver transplantation, ablative therapies,
chemoembolization and systemic therapies with
cytotocix drugs, and targeted agents. This review
article describes the current evidence on epidemiology,
symptomatology, diagnosis and treatment of he
patocellular carcinoma.

most important aspects at all stages of diagnosis,
therapy and follow-up of patients with HCC. HCC
remains a challenge to early diagnose, and treat
effectively; treating management is focused on
hepatic resection, orthotopic liver transplantation,
ablative therapies, chemoembolization and systemic
therapies with cytotocix drugs, and targeted agents.
This review article focuses on the current evidence
on epidemiology, symptomatology, diagnosis and
treatment of hepatocellular carcinoma.

Key words: Hepatocellular; Cancer; Epidemiology;
Treatment; Diagnosis; Staging; Transplantation

HCC is the most frequent primary liver malignancy
and one of the most common malignancies worldwide.
HCC is considered as the sixth most common cancer
type and as the third cause of cancer-related death in
[1]
the developed countries ; more than a million people
are dying yearly due to HCC in the Western countries.
It has been found that in countries with higher rates
of chronic hepatitis B virus (HBV) or chronic hepatitis
[2]
C virus (HCV) , well established causes of HCC, the
incidence of the disease varies from 15 per 100000
comparing to 3 per 100000 in the Western countries.
Over the past 30 years a higher incidence of HCC has
[3]
been noticed in the United States . Τhat must be
attributed to the increased incidence of HCV infection
as well as to the new immigration patterns across the
world.
HCC seems to have strong sex preponderance; it is
two to eight times more common in males comparing
to females in low-and high-incidence areas. The higher
incidence of HCC in males is related to higher rates
of associated risk factors. In general, the incidence of
HCC increases with age, but a tendency to develop
HCC earlier in high-incidence areas has been noted. In
addition, it has been reported the familial aggregation
of HCC.

LITERATURE SEARCH
An extensive literature search was conducted using
the MEDLINE database. The key word used was
“Hepatocellular carcinoma”. A total of 82 papers were
included for review.

EPIDEMIOLOGY

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatocellular carcinoma (HCC) is the most
frequent primary liver malignancy. It consists an
epidemic problem for both developed and developing
world. HCC remains a challenge to early diagnose,
and treat effectively. This review article focuses on the
current evidence on epidemiology, symptomatology,
diagnosis and treatment of hepatocellular carcinoma.
This review will be highly educational as it describes all
the current data for HCC.
Dimitroulis D, Damaskos C, Valsami S, Davakis S, Garmpis
N, Spartalis E, Athanasiou A, Moris D, Sakellariou S, Kykalos
S, Tsourouflis G, Garmpi A, Delladetsima I, Kontzoglou K,
Kouraklis G. From diagnosis to treatment of hepatocellular
carcinoma: An epidemic problem for both developed and
developing world. World J Gastroenterol 2017; 23(29):
5282-5294 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i29/5282.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i29.5282

RISK FACTORS
Most of the HCC cases develop in the presence of
advanced chronic liver disease related to viral hepatitis.
In particular HBV and HCV infections are considered
as major HCC risk factors worldwide. Moreover,
heavy alcohol consumption and liver cirrhosis are
a well-known pattern of increased risk for chronic
liver disease and HCC development (higher hepatic
DNA synthesis in cirrhosis). However, current studies
provide strong evidence for increasing numbers of
HCC in nonalcoholic fatty liver disease (NAFLD). NAFLD
represents the hepatic manifestation of metabolic

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most frequent
primary liver malignancy and the third cause of
cancer-related death in the Western Countries. The
causes of HCC are chronic liver infections, nonalcoholic
fatty liver disease, consumption of aflatoxins and
tobacco smocking. Clinical presentation varies; patients
can be asymptomatic while symptomatology ext
ends from abdominal paint and weight loss to jaundice
and lethargy. Imaging is the first key and one of the
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may initially appear with a paraneoplastic syndrome;
the most common paraneoplastic syndromes associat
ed with HCC are hypercholesterolemia, hypercalcemia,
[8]
hypoglycemia and erythrocytosis .

Liver mass

< 1 cm

> 1 cm

No change

Surveillance

DIAGNOSIS

Contrast-enhanced computed
tomography/DM magnetic
resonance imaging

Ultrasonography
twice a year

The diagnosis of HCC is mostly based on imaging
studies and laboratory tests as well. The imaging studies
used in diagnosis, treatment planning, management and
follow-up of HCC are ultrasonography (US), computed
tomography (CT) scanning and magnetic resonance
[9]
imaging (MRI) (Figure 1).
In refer to laboratory tests, alpha-fetoprotein (AFP)
is the most frequent used serological marker. However,
sensitivity ranges from 25% for tumors smaller than 3
[10]
cm to 50% for lesions larger than 3 cm in diameter .
Other serum biomarkers and a new generation of
IgM immunocomplexes did not succeed in providing
diagnostic accuracy. However, simultaneous detec
tion of these markers in various combinations could
improve sensitivity.
Although current management guidelines for HCC
[11]
do not require biopsy to prove the diagnosis , lesions
greater than 2 cm on MRI or computed tomograph
angiography (CTA) scans, with AFP either elevated
more than 400 ng/mL or rising within sequential
measurements do not require histologic confirmation
according to the guidelines of the European Association
for the Study of the Liver (EASL). In patients without
chronic liver disease, liver biopsy is strongly recom
mended for the final diagnosis and proper treatment
plan.
American Association for the Study of Liver Disease
(AASLD) proposed guidelines on the management
[12]
of HCC in 2005 . According to AASLD guidelines,
liver nodules detected on abdominal US surveillance
which measure less than 1 cm should be re-examined
every twice a year. The AASLD as well as the EASL
suggest abdominal ultrasonography as the preferred
study for surveillance of patients at high risk of HCC
[13]
twice a year . If no radiological change of the lesion
has occurred over a period of up to 2 years, routine
surveillance can be continued.
Every suspicious lesion in high risk patients that
has suggestive US findings for HCC should be further
investigated with additional imaging studies. That
includes 4-phase multidetector CT scan or dynamic
contrast enhanced MRI. If the lesion has the typical
characteristics of HCC, it should be treated as HCC.
If a nodule is greater 2 cm at the initial diagnosis and
it is compatible with HCC after one dynamic imaging
study, biopsy is not necessary for the diagnosis of
HCC. On the other hand, if the vascular profile of
the liver tumor on imaging studies of a non-cirrhotic
patient is not consistent with HCC, a second imaging
study or biopsy of the lesion should be performed
to rule out HCC. If the biopsy of a liver nodule is

High arterial-phase contrast
uptake and rapid wash out
(late phase)

Changing size and
characteristic
Investigate with other
imaging studies

Yes

Hepatocellular
carcinoma

No

Biopsy/other
imaging study

Figure 1 Imaging studies used in diagnosis, treatment planning,
management and follow-up of hepatocellular carcinoma.

syndrome which is based on obesity and insulin
[4]
resistance . Consumption of aflatoxins; frequent
contaminants of a number of staple foods, pose
serious public health hazards including the causation
[5]
of hepatocellular carcinoma by aflatoxin B . Tobacco
smokers’ had been found to have a higher risk to nonsmokers’ population, as an independent factor, of
[6]
developing HCC .

CLINICAL PRESENTATION - PHYSICAL
EXAMINATION
The patients presenting with HCC are usually males
with an average age of 50 years. In countries with
high HBV prevalence, HCC often appears about 2
decades earlier and is attributed to HBV transmission
perinatally or in early childhood.
HCC may progress silently in patients with suffici
ent liver function and escape early diagnosis due to
vague complaints and non-specific symptoms. This is
why in developing countries with limited surveillance
resources HCC diagnosis is usually delayed. On
the other hand, clinical symptoms are accentuated
in cases with impaired liver function. In advanced
stages, symptoms and clinical findings include vague
right upper quadrant abdominal pain, hepatomegaly,
obstructive jaundice, hemobilia, and fever of unknown
origin. Non-specific symptoms of advanced malignant
disease such as anorexia, nausea, lethargy and weight
loss often co-exist. Patients with unrecognized cirrhosis
or known compensated cirrhosis may also present with
liver decompensation. Complications include hepatic
[7]
vein occlusion evolving to Budd-Chiari syndrome and
more often portal vein invasion and thrombosis while
a severe complication is HCC rupture causing acute
abdomen and intraperitoneal bleeding. HCC patients
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A

B

C

D

Figure 2 Multiphasic computed tomography in a large hepatocellular carcinoma located in the right liver lobe. A: Unenhanced image; B: Lesion’s
enhancement in the late hepatic arterial phase; C: Lesion’s “washout” in the portal venous phase; D: Delayed phase image. The lesion has capsule appearance most
shown in the portal venous and delayed phase.
[18]

negative for HCC, patients should be further surveilled
via abdominal US every 3-6 mo until the nodule
presents enlarged in size or with altered imaging
characteristics. According to the guidelines of the Asia[14]
Pacific Association for the Study of the Liver 2010 ,
every nodular lesion with atypical vascular features
should undergo further imaging investigation such as
[14]
endoscopic ultrasonography (EUS) .
Most commonly, contrast enhanced CT scans and
MRI scans are performed to expose, differentiate and
examine a liver mass. HCC has often a unique imaging
[15]
pattern . On contrast-enhanced CT and MRI studies,
high arterial-phase contrast uptake and rapid washout during in late phase are displayed, although these
characteristics are not present in early stages or in not
well-differentiated HCC (Figure 2). Furthermore, Triphasic
CTA can identify more nodules, but in patients with
nodular cirrhosis, contrast enhanced MRI should be
preferred. Lesions between 1 and 2 cm in cirrhotic
patients should be further examined with triphasic CTA
[16]
and MRI in order to rule out HCC .
Angiography and contrast-enhanced ultrasound
(CEUS) have complementary role in the investigation
of a possible HCC lesion. The diagnosis of HCC is
made using the same imaging criteria of arterial phase
hypervascularity, but portal or delayed phase washout
[17]
is observed in only 50% of cases . Moreover,
the depiction interval is short and comprehensive
scanning of the entire liver is not possible. The CEUS
sensitivity is further restricted to less than 50% in the
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investigation of small tumors . Angiography for the
diagnosis of HCC has been replaced mostly by crosssectional imaging. Normal vasculature is typically
displaced by a characteristic hypervascular large mass,
with bizarre neovascularity and arteriovenous shunting.
[19]
An enlarged hepatic artery may also be present .
Pozitron Emiting Tomography scan is not accurate
18
for early diagnosis, but F-fluorodeoxyglucose (FDG)
uptake can significantly help investigating liver lesions.
PET using FDG can detect extrahepatic metastases not
[20]
revealed in CT or MRI scans .
Diffusion-weighted imaging (DWI) contributes to
the molecular water composition and to the degree of
tumor viability at the cellular level. DWI is particularly
useful as an initial screening tool for liver study as
[21]
nearly 70%-95% of HCCs can appear hyperintense .
Although DWI is high sensitive in detecting liver no
dules, it cannot accurately distinguish between HCC
and dysplastic nodules or other malignant and benign
liver lesions. Contrast-enhanced MRI outperforms DWI
in that field, consisting currently the method of choice
for the characterization of malignant liver lesions in
[22]
cirrhotic liver .

STAGING
The prognosis of HCC is related to tumor stage; st
aging in HCC should define outcome prediction and
the optimum treatment management, liver function,
portal pressure and clinical performance status of the
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Table 1 Barcelona Clinic Liver Cancer staging classification
Tumor status
Stage
Stage A: early HCC
A1
A2

PST

Tumor stage

Okuda Stage

Liver function studies

0
0

Single
Single

Ⅰ
Ⅰ

0

Single

Ⅰ

A4
Stage B: idermediate HCC
Stage C: advanced HCC

0
0
1-21

Ⅰ-Ⅱ
Ⅰ-Ⅱ
Ⅰ-Ⅱ

Stage D: end-stage HCC

3-42

3 tumors < 3 cm
Large multinodular
Vascular invasion or
extrahepatic spread
Any

No portal hypertension
Portal hypertension and
normal bilirubin
Portal hypertension and
abnormal bilirubin
Child-Pugh A-B
Child-Pugh A-B
Child-Pugh A-B

Ⅲ

Child-Pugh C

A3

Stage C, at least one criteria: PST1-2 or vascular invasion/extrahepatic spread; 2Stage D, at least one criteria: PST3-4 or Okuda Stage Ⅲ/Child-Pugh C. PST:
Performance status; Stage A and B, all criteria should be fulfilled.
1

Table 3 Model for end-stage liver disease, United Network
for Organ Sharing modification

Table 2 Child-Turcotte-Pugh score
Measurements
Encephalopathy
Ascites
Serum Bilirubin (mg/dL)
Serum Albumin (mg/dL)
PT (seconds prolonged)

Score
1

2

3

None
None
1-2
> 3.5
<4

Mild
Slight
2-3
2.8-3.5
4-6

Moderate
Moderate
>3
< 2.8
>6

MELD Score = 9.57 × ln (Serum Creatinine in mg/dL)
+ 3.78 × ln (Serum Bilirubin in mg/dL)
+ 11.2 × ln (INR) + 6.43
MELD: Model for end-stage liver disease.

The model for end-stage liver disease (MELD) score
assess the severity of chronic liver disease and was
initially developed to predict three month mortality
following transjugular intrahepatic portosystemic
[29]
shunt placement . It is a logarithmic score that is
comprised of serum creatinine, total serum bilirubin
and International Normalized Ratio. It also included a
variable based on the underlying etiology of the hepatic
disease. However, the etiology of the underlying
liver disease turned out to be relatively unimportant;
[30]
therefore it was removed from the score calculation
(Table 3). MELD was adopted by the United Network
for Organ Sharing in 2002 for prioritization of patients
awaiting liver transplantation. However, the MELD
score has been strongly criticized as it fails to classify
[31]
the patients with advanced liver disease correctly .
Several groups have offered refinements to the MELD
[32]
score calculation, including other parameters .
ΤΝΜ system is based on histopathology of a tumor,
while it examines the local expansion of the disease
on local nodules as well as the adjacent organs. TNM
is applicable in predicting survival for these patients
who have undergone surgical excision of an HCC.
The criteria of TNM system are developed jointly by
the American Joint Committee on Cancer and the
International Union for Cancer Control. Current edition
of TNM for HCC is the seventh, which took effect in
[33]
2010 (Table 4).

Stage A: 5-6 points; Stage B: 7-9 points; Stage C: 10-15 points.

patient. However, prognosis for the patients with HCC
is not only associated with the stage of the disease,
but also depends on the underlying liver function as
[23]
well as the performance status of each patient .
The current staging system for HCC, it is proposed
by the Barcelona Clinic Liver Cancer (BCLC), and is
recommended both for prognostic prediction and
[24,25]
treatment allocation
. It is a staging system that
also assigns treatment based on tumor stage, liver
function, performance status, and treatment intent
(Table 1).
The Child-Turcotte-Pugh (CTP) score is a simple and
[26]
widely used grading system for liver function
(Table
2). On the other hand, there are many drawbacks using
CTP system in liver function appraisal, including interlaboratory variations, day-to-day fluctuations in the
key parameters and the subjective nature of the
[27]
clinical grading of chronic liver disease . The most
important disadvantage of CTP score is the presence of
subjective parameters. Therefore, in the recent years
the CTP score is gradually substituted by other scoring
systems accessing the underlying liver function more
accurately.
The Okuda classification was first applied in HCC
patients more than two decades ago. It indicates
parameters about the tumor stage (more or less
than 50% of the liver parenchyma involved), as well
as liver functional status, such as albumin, ascites
and bilirubin. Okuda classification has been useful to
[28]
identify the end-stage patients (Okuda stage III) .
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PATHOLOGY
Macroscopic appearance of HCC depends on tumor
size and the presence or absence of cirrhosis in the
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[34,37]

sinusoids are lost

Table 4 American Joint Committee on Cancer TNM Staging
th
for Liver Tumors (7 edition, 2010)

GRADING

Primary tumor (T)
Tx
Primary tumor cannot be assessed
T0
No evidence of primary tumor
T1
Solitary tumor without vascular invasion
T2
Solitary tumor with vascular invasion or multiple
tumors, none more than 5 cm
T3a
Multiple tumors more than 5 cm
T3b
Single tumor or multiple tumors of any size involving a
major branch of the portal vein or the hepatic vein
T4
Tumors with direct invasion of adjacent organs other
than the gallbladder or with perforation of visceral
peritoneum
Regional lymph nodes (N)
Nx
Regional lymph nodes cannot be assessed
N0
No regional node metastasis
N1
Regional lymph node metastasis
Distal Metastases (M)
M0
No distant metastasis
M1
Distant metastasis
Anatomic stage/prognostic groups
T1
N0
M0
Stage Ⅰ
Stage Ⅱ
T2
N0
M0
Stage ⅢA
T3a
N0
M0
Stage ⅢB
T3b
N0
M0
Stage ⅢC
T4
N0
M0
Stage IVA
Any T
N1
M0
Stage IVB
Any T
Any N
M1
Histologic grade (G)
G1
Well differentiated
G2
Moderately differentiated
G3
Poorly differentiated
G4
Undifferentiated
Fibrosis core (F)
The fibrosis score as defined by Ishak recommended because of its
prognostic value in overall survival. This scoring system uses a 0-6 scale
F0
Fibrosis score 0-4 (none to moderate fibrosis)
F1
Fibrosis score 5-6 (severe fibrosis or cirrhosis)

The most widespread grading system is the WHO 4
tier system, classifying tumors into well differentiated
(Figure 3A and B), moderate differentiated, poorly
differentiated and undifferentiated. The Edmonson Steiner system (1954) also divides HCC in 4 grades
based on an assessment of cellular atypia and nuclear
- cytoplasm ratio.
Tumor grade has proven to be of weak prognostic
[38]
significance regarding clinical course and survival
in
contrast to tumor size which constitutes a major pro
gnostic factor, with a very good prognosis for small
[39]
sized HCC . Along these lines, the International
Consensus Group for Hepatocellular Carcinoma ad
opted in 2009 the division of small HCC into two
clinico-pathological groups, termed early HCC and
[35]
progressed HCC . They represent tumors at different
stages of development, which differ in morphology,
prognosis and treatment. Early HCC is a small tumor
(less than 2 cm), with poorly defined margins and
well differentiated histology that has been characteriz
ed by some investigators as carcinoma in situ or
[39,40]
microinvasive carcinoma
. Angiographic findings
are often not diagnostic because the main blood supply
is through the portal vein. Major histologic features
constitute preserved portal tracts, pseudoglandular
pattern, diffuse fatty change and varying numbers
of unpaired arteries (Figures 3A and 2B). The most
helpful feature in differentiating early HCC from highgrade dysplastic nodule is portal tract or fibrous septa
infiltration.

DIFFERENTIAL DIAGNOSIS

[34]

background liver . Small HCC (less than 2 cm) can
be vaguely nodular (early HCC) or distinctly nodular
[35]
(progressed HCC) . The majority of larger HCC
show a nodular pattern, either unifocal or multifocal.
In livers with cirrhosis a fibrous pseudocapsule is
often formed while in noncirrhotic livers HCC tend to
[34]
be unencapsulated . Occasionally, HCC protrude
outside the liver resulting in a pedunculated tumor.
The “massive” HCC type represents a sizable tumor
with relatively unclear boundaries that may occupy the
entire liver lobe. The “diffuse type” is a rare growth
pattern comprising of multiple scattered tiny nodules
[36]
distributed throughout the liver mimicking cirrhosis .
On histological grounds, HCC mimics the hepatic
parenchyma in structural and cytological features.
Well and moderately differentiated HCCs show a
trabecular (plate-like) growth pattern with sinusoidal
capillarization expressed by CD34 positive endothel
ial cells. Rarefaction of reticular fibers is another
microscopic characteristic while bile canaliculi are
also formed and can be depicted by polyclonal car
cinoembryonic antigen and CD10 expression. Poorly
differentiated HCC shows a compact architecture and
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.

The histological diagnosis of HCC may be difficult
due to morphological similarities between (1) welldifferentiated HCC and benign hepatocellular lesions
such as regenerative nodules, dysplastic nodules,
hepatocellular adenoma and focal nodular hyperplasia;
and (2) between poorly differentiated HCC and other
primary liver (e.g., cholangiocarcinoma) or metastatic
cancers.
Immunohistochemical markers that can facilitate
diagnosis include HepPar1, albumin, fibrinogen, a1-antitrypsin, alfa-fetoprotein and glypican-3 (GPC3). Among
them, GPC3 appears to be the more suitable marker
[41,42]
in poorly differentiated tumors
. Overexpression of
desgamma-carboxyprothrombin, GPC3, heat-shock
protein (HSP70) and glutamine synthetase favor
malignancy in the differential diagnosis of hepatocellular
nodules. The detection of at least two of the above
markers enhances the diagnostic reliability.
A group of expert liver pathologists recently
proposed the term well-differentiated hepatocellular
neoplasm of uncertain malignant potential for a small
subset of well-differentiated hepatocellular adenoma-
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A

B

C

D

Figure 3 Well differentiated, (grade 1) hepatocellular carcinoma and early hepatocellular carcinoma with diffuse fatty change. A: White arrows indicate the
interface between HCC (left) and background liver (right); B: HCC cells show high nuclear/cytoplasmic ratio and minimal nuclear atypia. A: H/E × 100, B: H/E × 200;
C and D: Early HCC with diffuse fatty change. Black arrowhead depicts a preserved portal tract. Gomori stain shows rarefaction of reticulin network. C: H/E × 100, D:
Gomori stain × 100. HCC: Hepatocellular carcinoma.

appearance. FLC cells are sizeable with eosinophilic
granular cytoplasm and often contain pale bodies,
[34]
hyaline bodies and copper .
HCC with stem cell features has been established
on the ground of accumulating evidence indicating
that a subset of adult HCC with worse survival rates
exhibits, at least focally, a progenitor cell phenotype.
These tumors retain stem cell markers and may also
express a hepatobiliary immunophenotype (Figure
4). Acknowledging this fact, WHO has included in the
Classification of Tumors of the Digestive System (2010)
the “Combined Hepatocellular-Cholangiocarcinoma”
category, encompassing primary liver carcinoma su
btypes with stem cell features. In a recent review, Brunt
[44]
et al
pointed out the need for the establishment of
a more complete terminology including the different
subtypes based on their differentiation status.

Table 5 Current treatment options for hepatocellular
carcinoma
Surgical
Resection
Resection + ablation
Orthotopic liver transplantation
Ablative
Thermal ablation (radiofrequency ablation, microwave ablation)
Percutaneous alcohol (ethanol) injection
Transarterial
Embolization
Chemoembolization
Radiotherapy
Transarterial and ablative (combined)
Systemic chemotherapy + radioembolization

like lesions with atypical clinical, histologic or genetic
features which raise the necessity for close follow[43]
up .

TREATMENT
Treating HCC has always been a challenge, regarding
efficiency of interventional medicine, coherence of the
practitioner physicians about the treating options and
first and foremost the survival of the treated patients.
When feasible, complete HCC resection is the
[45]
treatment of choice . Otherwise, there is a variety of
treatment options based on HCC stage, the patients’
performance status and physical abilities, the available
resources, and the level of practitioner expertise
(Table 5). Most recommendations for staging-guided
treatment are based on the findings of retrospective
[46]
studies .
Resection of the HCC lesion should be the primary

HCC HISTOLOGICAL SUBTYPES
Besides conventional HCC there are rare histological
types, which, except fibrolamellar HCC and HCC with
stem cell features, are not associated with specific
clinical characteristics or pathogenetic peculiarities.
Fibrolamellar carcinoma constitutes a special type
of HCC occurring in children and young adults that has
a better prognosis than HCC when arising in cirrhotic
liver but similar to HCC in non-cirrhotic liver. FLC grow
with pushing borders and tumor cells are arranged in
sheets and trabeculae, separated by collagen fibers
which are often hyalinized and provide a unique lamellar
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A

B

C

Figure 4 Combined hepatocellular-cholangiocarcinoma with stem cell features, intermediate cell subtype. Tumor expresses both hepatocellular (HepPar1)
and biliary (CK19) immunohistochemical markers. A: H/E × 100; B: HepPar1 × 100; C: CK19 × 100.

A

B

C

Figure 5 Intra-operative situs [prior (A) and post (B) right hepatectomy] and surgical specimen (C) of a large hepatocellular carcinoma located in the right
liver lobe.

treatment option in patients with single HCC with
[12]
well-compensated Child A cirrhosis . It has been
proven that 5-year survival excides 50% and 5-year
recurrence rate is about 70% in the group of patien
ts that had undergone previously a surgical HCC
[47]
resection .
Major hepatectomy can be safely performed
nowadays due to better understanding of the liver
[48]
anatomy , advances in surgical instruments and
implication of newer surgical approaches (Figure
5). The most commonly used techniques for liver
resection are the anterior approach to avoid liver
[49]
mobilization and rupture of large liver tumors , the
[50]
[51]
Pringle maneuver , the hanging maneuver
as well
as the careful adjustment of central venus pressure
[52]
for reduction of blood loss peri-operatively . Site
and size of the lesion, vascular invasion as well as
multifocal disease should be estimated pre-operatively.
Anatomic resection should be intended in every case if
not contraindicated.
It is well known that future liver remnant (FLR)/
total liver volume (TLV) ratio should be more than
20%-25% in patients with normal liver functions (no
cirrhosis) and more than 50% in patients with a ChildPugh score A cirrhosis, who’s PLTs are more than
3
100000/mm . The FLR/TLV ratio is being calculated
via imaging studies pre-operatively. If FLR/TLV ratio is
below recommended values, pre-operative portal vein
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embolization (PVE) should be considered in order to
have a feasible liver remnant post-operatively, capable
[53]
to actualize the metabolic needs of the patient . It
has been proven that PVE can increase the FLR size. In
PVE, the ipsilateral portal vein which supplies the liver
lobe harboring the tumor, thus inducing hypertrophy
[54]
of the hepatic liver remnant . PVE can be offered
to cirrhotic patients, although liver regeneration and
hypertrophy of the FLR is questionable in the presence
of cirrhosis. In this group of patients the combination
of PVE and trans-arterial chemoembolisation (TACE)
[55]
represents a feasible treatment option .
The resectability of HCC often depends on the
volume of the FLR. Stage hepatectomy is proposed for
HCC with bilobar liver involvement. According to this
procedure, two or more hepatectomies are performed
at different time points in order to allow increase of
FLR. This technique ensures adequate liver function as
well as R0 resection. As prerequisites, the preserved
portion of the liver should be sufficient and cancer free
and adequate vascular inflow and outflow should be
[56]
retained .
A newer technique, combines two stage hepatectomy
with portal vein occlusion. Associating Liver Partition and
Portal Vein Ligation in Staged Hepatectomy (ALPPS) is
one of the main surgical innovations in hepatic surgery
[57]
nowadays . ALPPS aims to speed up hypertrophy
of the liver remnant by right portal vein ligation and
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to size, location and number of tumors, vascular
and extrahepatic involvement and functional hepatic
reserve due to cirrhosis. The ultimate treatment choice
[62]
for the remaining 80% is interventional therapies .
BCLC staging system should be used in patients
with HCC and underlying cirrhosis. The system identifies
those patients with early HCC who may benefit from
resection or RFA (stage 0 and A), those at intermediate
or advanced stage who may benefit from palliative
treatments and those with a very poor life expectancy
(Table 6).
Patients with early HCC who are not eligible for
surgical resection or liver transplantation should
[63]
undergo Local Ablative Therapy . The procedure
can be performed using or thermal ablation: RFA,
microwave ablation (MWA), Laser-induced interstitial
thermotherapy or either chemical: percutaneous
alcohol injection (PEI). Under imaging guidance (US
or CT) PEI is injected directly to the lesion. PEI is
consisted of 95% ethanol, which causes local tumor
necrosis. PEI is recommended for small lesions
[64]
(10%-15% of liver lesions) , in cases where RFA
is not feasible to apply due to technical reasons.
Similar therapeutic results and rates of residual foci of
untreated disease as well as equivalent complication
rates have been showed for MWA and RFA use in liver
[65]
lesions . However, RFA offers the same results as
[66]
WMA in fewer sessions , while MWA outweighs PEI
on the local control of moderately or poorly differentiat
ed small lesions. Furthermore, patients with a single
tumor smaller than 4.0 cm and Child-Pugh class A
cirrhosis have a higher probability of long-term survival
[67]
after WMA rather than after RFA or PEI .
Transarterial chemoembolization (TACE), is a palliative
treatment for inoperable HCC patients with large or
multinodular lesions limited to the liver and with an
[68]
adequate liver function . Various treatment protocols
have been applied using different chemotherapeu
[69]
tic agents . The perfect TACE scheme should be
that who would allow the maximum and also sustained
concentration of the agent within the tumor, while keeping
the systemic exposure as low as possible. Furthermore,
a major issue is the lowest possible vessel obstruction,
in order to reduce hepatic ischemia.
Radioembolization with yttrium-90 microspheres,
is a palliative treatment for patients with Child-Pugh
class A cirrhosis and intermediate-stage HCC. It has
also been used for the bridging to liver transplantation
and as a downstage method for non-operable tumors.
Arterial radioembolisation have shown improve in
2-year survival rate after administration, comparing
[70]
with conservative treatment .
Three-dimensional conformal radiotherapy (RT) has
shown good results at doses between 40Gy and 60Gy
for patients with advance HCC. Median response rate
is 45% and median survival 10 to 15 mo. Furthermore
1-year survival excides 70%; 5-year survival rate
is between 9%and 25%. RT combined with TACE
in various dose schemes have given advantages

Table 6 Treatment schedule proposed for hepatocellular
carcinoma cirrhotic patients according to the Barcelona Clinic
Liver Cancer classification system
Stage
Stage A: early HCC
A1
A2

Treatment intention

First/second choice

Radical

Stage B: intermediate
HCC

Palliative1

Stage C: advanced
HCC
Stage D: end-stage
HCC

Palliative1

Surgical resection
Surgical resection ð OLT/
percutaneous treatment
OLT/percutaneous
treatment (Ablation)
OLT/percutaneous
treatment (Ablation)
Trasanterial embolization
(associated or not to
percutaneous treatment)
Chemoembolization
(TACE)
New agents (Sorafenib)

Symptomatic

Supporting treatment

A3
A4

1

In the setting of phase II investigations or randomized control trials. HCC:
Hepatocellular carcinoma; BCLC: Barcelona Clinic Liver Cancer.

in-situ splitting of the intended transection surface
down to the inferior vena cava. The second stage
of the procedure is executed several days later with
an adequate volume of FLR for a safe and feasible
hepatectomy.
Patients with solitary tumor who have adequate liver
function, no major vascular invasion or intrahepatic
metastases and adequate FLR should be considered
eligible for surgery as a potentially curative option.
In patients with advanced liver disease (multi-focal
disease, inadequate liver function, major vascular
invasion, a solitary tumor with multiple intrahepatic
metastases, metastases on adjacent organs or missing
enough healthy hepatic parenchyma to survive) the
benefit of resection is vague and it should be weighed
against the risk of liver failure and post-operative
[58]
systemic complications . It has to be taken into
consideration that in these patients other treatment
options might result in better long-term outcomes and
similar rates of survival.
Liver transplantation (LT) is the ideal treatment
for HCC, especially in the presence of underlying
liver disease, because it eliminates the tumor and
cure underlying cirrhotic liver that serves as a risk of
HCC development. However, the major limitation of
LT is organ shortage resulting in high dropout rate
[59]
(12%-25% per year) . There are studies that have
proven that Milan Criteria is the most significant
prognostic factor of patients with HCC undergoing
[60]
LT . In patients with tumor burden beyond the Milan
Criteria, other treatments can be applied to downstage
the tumor to meet acceptable criteria for LT. TACE
or radiofrequency ablation (RFA) are the common
[61]
modalities used for downstaging .
Few patients (less than 20%) are amenable to
resection and transplantation due to difficulties related
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as salvage therapy. RT is an option in patients with
advance liver disease that cannot be respected, in
patients which are not suitable for liver transplantation,
and those inoperable due to performance status or
[71]
comorbidities .

lance every 6 mo later on by US, enhanced CT and
[78]
MRI scans . Patients with recurrence on follow-up
imaging studies may still be candidates for curative
therapies. Patients with HCC and end-stage cirrhosis
being treated with TACE or systemic chemotherapy
should be examined for possible liver dysfunction as
well as for tumor progression by CT or MRI every 2
[12]
mo .
The evaluation of HCC response to administered
therapy is based on Response Evaluation Criteria in
[79]
Solid Tumors (RECIST) . However, with the increasing
clinical use of antineoplastic cytostatic agents and
locoregional interventional therapies in hepatocellular
carcinoma (HCC), conventional morphologic metho
ds have strong limitations in response assessment.
Current RECIST criteria were designed for the evaluation
[80]
of cytotoxic agents .
Modified RECIST (mRECIST) criteria are mainly
based on the measurement of the viable tumor
[81]
component . Additional criteria include evaluation of
vascular invasion, lymph node involvement, effusions
[82]
and new lesions . Response assessment should be
based on CT or MRI scans. Serum tumor markers
may be helpful, but should not be used as the only de
terminant for treatment decision.

SYSTEMIC THERAPY
HCC is more often diagnosed in late stages and on
the background of chronic liver disease. This fact
minimizes the possibilities for curative strategies, while
palliative procedures prevail as therapeutic options,
aiming to downstage or to alleviate a locally advanced
disease.
The therapeutic options in advanced HCC are limited
due to resistance of the carcinoma to chemotherapy.
Systemic therapy with doxorubicin or cisplatin yields
low objective response rates while drug-combinations
may offer a better disease control without succeeding
in improving survival rate. In addition, due to chronic
liver disease and to underline liver dysfunction, HCC
patients have limited tolerance to full doses of polychemotherapy. It has been proven that low response
and no survival benefits ensure from cytotoxic ch
[72]
emotherapy .
Doxorubicin has been considered as one of the
most active cytotoxic agents. Its use in HCC has
reached 10% to 20% response rates as single agent
chemotherapy. Clinical trials have demonstrated that
Doxorubicin prolongs survival in advanced HCC compared
[73]
to Nolatrexed (a thymidylate synthase inhibitor) .
Other cytotoxic agents, such as Gemcitabine, have
shown fairly limited clinical benefit, despite their highly
[74]
promising effect in in vitro studies .
Sorafenib is an oral multikinase inhibitor, which acts
against platelet-derived growth factor receptor beta,
vascular endothelial growth factor receptor as well as
c-Raf and b-Raf. It was the first agent to achieve a
statistically significant improvement of overall survival
[75]
in Child-Pugh class A patients with advanced HCC .
In addition, administration of Sorafenib in patients
with Child-Pugh class B has also given promising
[76]
results . Overall survival in patients with Child-Pugh
A was encouraging after receiving combination therapy
with Sorafenib plus Doxorubicin versus Doxorubicin
[77]
alone .

CONCLUSION
Summarizing and in order to emphasize to new data
regarding the treatment of HCC following topics should
be highlighted. Only a small proportion of patients
with HCC (less than 20%) is amenable to resection
or transplantation. ALPPS is nowadays one of the
[57]
main innovations in hepatic surgery . Regarding LT,
treatments such as TACE or RFA can be applied to
downstage tumors that initially do not meet the Milan
[61]
Criteria . Furthermore, a conventional treatment op
tion that gains field in treatment of inoperable HCC is
[71]
the RT .
In terms of chemotherapy, the administration of
Sorafenib has given promising results in patients with
[76]
Child-Pugh class B , while combination therapy with
Sorafenib plus Doxorubicin seems to improve overall
survival in patients with Child-Pugh A.
Despite the advances in diagnostic and invasive
medicine, hepatocellular carcinoma remains the most
fatal malignant liver cancer worldwide. At the present
time, treatment has focused to early diagnosis and
hepatic resection or transplantation. Combination the
rapies have been used to downstage the tumor and
make it operable, to improve underlying liver status and
prolong the survival period. Therefore, future studies
on HCC management are tremendously important in
order to offer better treatment outcome and prolong
survival for HCC patients.

RESPONSE ASSESSMENT AND FOLLOWUP
Monitoring a patient treated for hepatocellular carcinoma
is an important part of the clinical management;
accurate assessment of tumor response is essential for
favorable outcomes. Follow-up of patients who had
been treated with surgical resection or RFA ablation
should consist of the clinical evaluation of liver function
and the tumor response to the particular therapy, by
CT or MRI studies every 3 mo the first 2 years and

WJG|www.wjgnet.com

REFERENCES
1

5291

Ferlay J. International Agency for Research on Cancer.
GLOBOCAN 2000: cancer incidence, mortality, and prevalence

August 7, 2017|Volume 23|Issue 29|

Dimitroulis D et al . Current evidence for HCC

2
3
4

5
6

7
8

9

10

11

12

13
14

15
16

17

18
19

worldwide. Lyon: IARC Press 2001
Hemming AW, Berumen J, Mekeel K. Hepatitis B and He
patocellular Carcinoma. Clin Liver Dis 2016; 20: 703-720 [PMID:
27742009 DOI: 10.1016/j.cld.2016.06.007]
El-Serag HB. Epidemiology of hepatocellular carcinoma in USA.
Hepatol Res 2007; 37 Suppl 2: S88-S94 [PMID: 17877502 DOI:
10.1111/j.1872-034X.2007.00168.x]
Seyda Seydel G, Kucukoglu O, Altinbasv A, Demir OO, Yilmaz
S, Akkiz H, Otan E, Sowa JP, Canbay A. Economic growth leads
to increase of obesity and associated hepatocellular carcinoma in
developing countries. Ann Hepatol 2016; 15: 662-672 [PMID:
27493104 DOI: 10.5604/16652681.1212316]
Kew MC. Aflatoxins as a cause of hepatocellular carcinoma. J
Gastrointestin Liver Dis 2013; 22: 305-310 [PMID: 24078988]
Siegel AB, Conner K, Wang S, Jacobson JS, Hershman DL,
Hidalgo R, Verna EC, Halazun K, Brubaker W, Zaretsky J,
Moniodis A, Delgado-Cruzata L, Dove L, Emond J, Kato T,
Brown RS Jr, Neugut AI. Smoking and hepatocellular carcinoma
mortality. Exp Ther Med 2012; 3: 124-128 [PMID: 22969856 DOI:
10.3892/etm.2011.351]
Valla DC. The diagnosis and management of the Budd-Chiari
syndrome: consensus and controversies. Hepatology 2003; 38:
793-803 [PMID: 14512865 DOI: 10.1053/jhep.2003.50415]
Luo JC, Hwang SJ, Wu JC, Li CP, Hsiao LT, Lai CR, Chiang JH,
Lui WY, Chang FY, Lee SD. Paraneoplastic syndromes in patients
with hepatocellular carcinoma in Taiwan. Cancer 1999; 86:
799-804 [PMID: 10463978]
Ghanaati H, Alavian SM, Jafarian A, Ebrahimi Daryani N,
Nassiri-Toosi M, Jalali AH, Shakiba M. Imaging and ImagingGuided Interventions in the Diagnosis and Management of
Hepatocellular Carcinoma (HCC)-Review of Evidence. Iran
J Radiol 2012; 9: 167-177 [PMID: 23407596 DOI: 10.5812/
iranjradiol.8242]
Stefaniuk P, Cianciara J, Wiercinska-Drapalo A. Present and
future possibilities for early diagnosis of hepatocellular carcinoma.
World J Gastroenterol 2010; 16: 418-424 [PMID: 20101765 DOI:
10.3748/wjg.v16.i4.418]
Bialecki ES, Ezenekwe AM, Brunt EM, Collins BT, Ponder TB,
Bieneman BK, Di Bisceglie AM. Comparison of liver biopsy and
noninvasive methods for diagnosis of hepatocellular carcinoma.
Clin Gastroenterol Hepatol 2006; 4: 361-368 [PMID: 16527701
DOI: 10.1016/S1542-3565(05)00977-8]
Bruix J, Sherman M; American Association for the Study of Liver
Diseases. Management of hepatocellular carcinoma: an update.
Hepatology 2011; 53: 1020-1022 [PMID: 21374666 DOI: 10.1002/
hep.24199]
Blum HE. Hepatocellular carcinoma: HCC. Hepat Mon 2011; 11:
69-70 [PMID: 22087121]
Omata M, Lesmana LA, Tateishi R, Chen PJ, Lin SM, Yoshida
H, Kudo M, Lee JM, Choi BI, Poon RT, Shiina S, Cheng AL,
Jia JD, Obi S, Han KH, Jafri W, Chow P, Lim SG, Chawla YK,
Budihusodo U, Gani RA, Lesmana CR, Putranto TA, Liaw YF,
Sarin SK. Asian Pacific Association for the Study of the Liver
consensus recommendations on hepatocellular carcinoma.
Hepatol Int 2010; 4: 439-474 [PMID: 20827404 DOI: 10.1007/
s12072-010-9165-7]
Yu SC, Yeung DT, So NM. Imaging features of hepatocellular
carcinoma. Clin Radiol 2004; 59: 145-156 [PMID: 14746783]
Hennedige T, Venkatesh SK. Imaging of hepatocellular carcinoma:
diagnosis, staging and treatment monitoring. Cancer Imaging
2013; 12: 530-547 [PMID: 23400006 DOI: 10.1102/1470-7330.20
12.0044]
Jang HJ, Kim TK, Burns PN, Wilson SR. Enhancement patterns
of hepatocellular carcinoma at contrast-enhanced US: comparison
with histologic differentiation. Radiology 2007; 244: 898-906
[PMID: 17709836 DOI: 10.1148/radiol.2443061520]
Lencioni R, Piscaglia F, Bolondi L. Contrast-enhanced ultrasound
in the diagnosis of hepatocellular carcinoma. J Hepatol 2008; 48:
848-857 [PMID: 18328590 DOI: 10.1016/j.jhep.2008.02.005]
El-Serag HB, Marrero JA, Rudolph L, Reddy KR. Diagnosis and

WJG|www.wjgnet.com

20

21

22

23
24

25
26
27

28

29

30
31

32

33

34
35

5292

treatment of hepatocellular carcinoma. Gastroenterology 2008; 134:
1752-1763 [PMID: 18471552 DOI: 10.1053/j.gastro.2008.02.090]
Ho CL, Chen S, Yeung DW, Cheng TK. Dual-tracer PET/CT
imaging in evaluation of metastatic hepatocellular carcinoma. J
Nucl Med 2007; 48: 902-909 [PMID: 17504862 DOI: 10.2967/
jnumed.106.036673]
Piana G, Trinquart L, Meskine N, Barrau V, Beers BV, Vilgrain V.
New MR imaging criteria with a diffusion-weighted sequence for
the diagnosis of hepatocellular carcinoma in chronic liver diseases.
J Hepatol 2011; 55: 126-132 [PMID: 21145857 DOI: 10.1016/
j.jhep.2010.10.023]
Park MS, Kim S, Patel J, Hajdu CH, Do RK, Mannelli L, Babb
JS, Taouli B. Hepatocellular carcinoma: detection with diffusionweighted versus contrast-enhanced magnetic resonance imaging
in pretransplant patients. Hepatology 2012; 56: 140-148 [PMID:
22370974 DOI: 10.1002/hep.25681]
Llovet JM, Burroughs A, Bruix J. Hepatocellular carcinoma.
Lancet 2003; 362: 1907-1917 [PMID: 14667750 DOI: 10.1016/
S0140-6736(03)14964-1]
Bruix J, Sherman M, Llovet JM, Beaugrand M, Lencioni R,
Burroughs AK, Christensen E, Pagliaro L, Colombo M, Rodés
J; EASL Panel of Experts on HCC. Clinical management of
hepatocellular carcinoma. Conclusions of the Barcelona-2000
EASL conference. European Association for the Study of the Liver.
J Hepatol 2001; 35: 421-430 [PMID: 11592607]
Llovet JM, Brú C, Bruix J. Prognosis of hepatocellular carcinoma:
the BCLC staging classification. Semin Liver Dis 1999; 19: 329-338
[PMID: 10518312 DOI: 10.1055/s-2007-1007122]
Subramaniam S, Kelley RK, Venook AP. A review of hepatocellular
carcinoma (HCC) staging systems. Chin Clin Oncol 2013; 2: 33
[PMID: 25841912 DOI: 10.3978/j.issn.2304-3865.2013.07.05]
Botta F, Giannini E, Romagnoli P, Fasoli A, Malfatti F, Chiarbonello
B, Testa E, Risso D, Colla G, Testa R. MELD scoring system is
useful for predicting prognosis in patients with liver cirrhosis and
is correlated with residual liver function: a European study. Gut
2003; 52: 134-139 [PMID: 12477775]
Okuda K, Ohtsuki T, Obata H, Tomimatsu M, Okazaki N, Hasegawa
H, Nakajima Y, Ohnishi K. Natural history of hepatocellular
carcinoma and prognosis in relation to treatment. Study of 850
patients. Cancer 1985; 56: 918-928 [PMID: 2990661 DOI:
10.1007/s00259-011-1812-2]
Biggins SW, Kim WR, Terrault NA, Saab S, Balan V, Schiano
T, Benson J, Therneau T, Kremers W, Wiesner R, Kamath P,
Klintmalm G. Evidence-based incorporation of serum sodium
concentration into MELD. Gastroenterology 2006; 130: 1652-1660
[PMID: 16697729 DOI: 10.1053/j.gastro.2006.02.010]
Kamath PS, Kim WR; Advanced Liver Disease Study Group. The
model for end-stage liver disease (MELD). Hepatology 2007; 45:
797-805 [PMID: 17326206 DOI: 10.1002/hep.21563]
Al Sibae MR, Cappell MS. Accuracy of MELD scores in
predicting mortality in decompensated cirrhosis from variceal
bleeding, hepatorenal syndrome, alcoholic hepatitis, or acute liver
failure as well as mortality after non-transplant surgery or TIPS.
Dig Dis Sci 2011; 56: 977-987 [PMID: 20844956 DOI: 10.1007/
s10620-010-1390-3]
Malinchoc M, Kamath PS, Gordon FD, Peine CJ, Rank J, ter
Borg PC. A model to predict poor survival in patients undergoing
transjugular intrahepatic portosystemic shunts. Hepatology 2000;
31: 864-871 [PMID: 10733541 DOI: 10.1053/he.2000.5852]
Edge SB, Compton CC. The American Joint Committee on
Cancer: the 7th edition of the AJCC cancer staging manual and
the future of TNM. Ann Surg Oncol 2010; 17: 1471-1474 [PMID:
20180029 DOI: 10.1245/s10434-010-0985-4]
Bosman FT, Carneiro F, Hruban RH, Theise ND. WHO Classification
of Tumours of the Digestive System. 4th ed. Lyon: IARC Press,
2010
International Consensus Group for Hepatocellular Neoplasia.
The Pathologic diagnosis of early hepatocellular carcinoma: a
report of the international consensus group for hepatocellular
neoplasia. Hepatology 2009; 49: 658-664 [PMID: 19177576 DOI:

August 7, 2017|Volume 23|Issue 29|

Dimitroulis D et al . Current evidence for HCC

36

37

38
39
40
41

42

43

44
45

46

47

48
49
50

51

52

53

10.1002/hep.22709]
Yuki K, Hirohashi S, Sakamoto M, Kanai T, Shimosato Y.
Growth and spread of hepatocellular carcinoma. A review of 240
consecutive autopsy cases. Cancer 1990; 66: 2174-2179 [PMID:
2171748]
Goodman ZD, Terraciano LM, Wee A. Tumors and tumorlike lesions of the liver. In: Hubscher SG, Burt AD, Portmann
BC, Ferrell LD. MacSween’s Pathology of the Liver. 6th ed.
Philadelphia, PA: Elsevier; 2012: 761-851
Chuong JJ, Livstone EM, Barwick KW. The histopathologic and
clinical indicators of prognosis in hepatoma. J Clin Gastroenterol
1982; 4: 547-552 [PMID: 6298304]
Paradis V. Histopathology of hepatocellular carcinoma. Recent
Results Cancer Res 2013; 190: 21-32 [PMID: 22941011 DOI:
10.1007/978-3-642-16037-0_2]
Sakamoto M. Pathology of early hepatocellular carcinoma.
Hepatol Res 2007; 37 Suppl 2: S135-S138 [PMID: 17877474 DOI:
10.1111/j.1872-034X.2007.00176.x]
Shafizadeh N, Ferrell LD, Kakar S. Utility and limitations of
glypican-3 expression for the diagnosis of hepatocellular carcinoma
at both ends of the differentiation spectrum. Mod Pathol 2008; 21:
1011-1018 [PMID: 18536657 DOI: 10.1038/modpathol.2008.85]
Wang XY, Degos F, Dubois S, Tessiore S, Allegretta M, Guttmann
RD, Jothy S, Belghiti J, Bedossa P, Paradis V. Glypican-3 expression
in hepatocellular tumors: diagnostic value for preneoplastic lesions
and hepatocellular carcinomas. Hum Pathol 2006; 37: 1435-1441
[PMID: 16949914 DOI: 10.1016/j.humpath.2006.05.016]
Bedossa P, Burt AD, Brunt EM, Callea F, Clouston AD, Dienes
HP, Goodman ZD, Gouw AS, Hubscher SG, Roberts EA,
Roskams T, Terracciano L, Tiniakos DG, Torbenson MS, Wanless
IR. Well-differentiated hepatocellular neoplasm of uncertain
malignant potential: proposal for a new diagnostic category. Hum
Pathol 2014; 45: 658-660 [PMID: 24529331 DOI: 10.1016/
j.humpath.2013.09.020]
Brunt EM, Paradis V, Sempoux C, Theise ND. Biphenotypic
(hepatobiliary) primary liver carcinomas: the work in progress.
Hepat Oncol 2015; 2: 255-273 [DOI 10.2217/hep.15.8]
Bruix J, Sherman M; Practice Guidelines Committee, American
Association for the Study of Liver Diseases. Management of
hepatocellular carcinoma. Hepatology 2005; 42: 1208-1236 [PMID:
16250051 DOI: 10.1002/hep.20933]
Kuo KL, Stenehjem D, Albright F, Ray S, Brixner D. Treatment
Patterns and Outcomes in Patients With Hepatocellular Carcinoma
Stratified by Stage-Guided Treatment Categories. J Natl Compr
Canc Netw 2015; 13: 987-994 [PMID: 26285244]
Lee WC, Lee CF, Cheng CH, Wu TJ, Chou HS, Wu TH, Soong RS,
Chan KM, Yu MC, Chen MF. Outcomes of liver resection for
hepatocellular carcinoma in liver transplantation era. Eur J Surg
Oncol 2015; 41: 1144-1152 [PMID: 26163047 DOI: 10.1016/
j.ejso.2015.05.024]
Couinaud C. Liver anatomy: portal (and suprahepatic) or biliary
segmentation. Dig Surg 1999; 16: 459-467 [PMID: 10805544]
Fan ST, Liu CL. Anterior approach for major right hepatic
resection. J Hepatobiliary Pancreat Surg 2005; 12: 356-361 [PMID:
16258802 DOI: 10.1007/s00534-005-1000-5]
Man K, Fan ST, Ng IO, Lo CM, Liu CL, Wong J. Prospective
evaluation of Pringle maneuver in hepatectomy for liver tumors
by a randomized study. Ann Surg 1997; 226: 704-711; discussion
711-713 [PMID: 9409569]
Belghiti J, Guevara OA, Noun R, Saldinger PF, Kianmanesh R.
Liver hanging maneuver: a safe approach to right hepatectomy
without liver mobilization. J Am Coll Surg 2001; 193: 109-111
[PMID: 11442247]
Melendez JA, Arslan V, Fischer ME, Wuest D, Jarnagin WR,
Fong Y, Blumgart LH. Perioperative outcomes of major hepatic
resections under low central venous pressure anesthesia: blood loss,
blood transfusion, and the risk of postoperative renal dysfunction.
J Am Coll Surg 1998; 187: 620-625 [PMID: 9849736]
Kubota K, Makuuchi M, Kusaka K, Kobayashi T, Miki K,
Hasegawa K, Harihara Y, Takayama T. Measurement of liver

WJG|www.wjgnet.com

54

55

56

57
58
59

60

61
62

63
64

65

66

67

68

69

5293

volume and hepatic functional reserve as a guide to decisionmaking in resectional surgery for hepatic tumors. Hepatology
1997; 26: 1176-1181 [PMID: 9362359 DOI: 10.1053/jhep.1997.
v26.pm0009362359]
Abulkhir A, Limongelli P, Healey AJ, Damrah O, Tait P, Jackson J,
Habib N, Jiao LR. Preoperative portal vein embolization for major
liver resection: a meta-analysis. Ann Surg 2008; 247: 49-57 [PMID:
18156923 DOI: 10.1097/SLA.0b013e31815f6e5b]
Ogata S, Belghiti J, Farges O, Varma D, Sibert A, Vilgrain
V. Sequential arterial and portal vein embolizations before
right hepatectomy in patients with cirrhosis and hepatocellular
carcinoma. Br J Surg 2006; 93: 1091-1098 [PMID: 16779884 DOI:
10.1002/bjs.5341]
Charnsangavej C, Clary B, Fong Y, Grothey A, Pawlik TM,
Choti MA. Selection of patients for resection of hepatic colorectal
metastases: expert consensus statement. Ann Surg Oncol 2006; 13:
1261-1268 [PMID: 16947009 DOI: 10.1245/s10434-006-9023-y]
de Santibañes E, Clavien PA. Playing Play-Doh to prevent
postoperative liver failure: the “ALPPS” approach. Ann Surg 2012; 255:
415-417 [PMID: 22330039 DOI: 10.1097/SLA.0b013e318248577d]
Intaraprasong P, Siramolpiwat S, Vilaichone RK. Advances in
Management of Hepatocellular Carcinoma. Asian Pac J Cancer
Prev 2016; 17: 3697-3703 [PMID: 27644603]
Yao FY, Bass NM, Nikolai B, Davern TJ, Kerlan R, Wu V, Ascher
NL, Roberts JP. Liver transplantation for hepatocellular carcinoma:
analysis of survival according to the intention-to-treat principle
and dropout from the waiting list. Liver Transpl 2002; 8: 873-883
[PMID: 12360427 DOI: 10.1053/jlts.2002.34923]
Mazzaferro V, Bhoori S, Sposito C, Bongini M, Langer M,
Miceli R, Mariani L. Milan criteria in liver transplantation for
hepatocellular carcinoma: an evidence-based analysis of 15 years
of experience. Liver Transpl 2011; 17 Suppl 2: S44-S57 [PMID:
21695773 DOI: 10.1002/lt.22365]
Bhoori S, Mazzaferro V. Current challenges in liver transplantation
for hepatocellular carcinoma. Best Pract Res Clin Gastroenterol 2014;
28: 867-879 [PMID: 25260314 DOI: 10.1016/j.bpg.2014.08.001]
Poulou LS, Botsa E, Thanou I, Ziakas PD, Thanos L. Percutaneous
microwave ablation vs radiofrequency ablation in the treatment
of hepatocellular carcinoma. World J Hepatol 2015; 7: 1054-1063
[PMID: 26052394 DOI: 10.4254/wjh.v7.i8.1054]
Livraghi T, Meloni F. Treatment of hepatocellular carcinoma by
percutaneous interventional methods. Hepatogastroenterology
2002; 49: 62-71 [PMID: 11941986]
Livraghi T, Bolondi L, Lazzaroni S, Marin G, Morabito A,
Rapaccini GL, Salmi A, Torzilli G. Percutaneous ethanol injection
in the treatment of hepatocellular carcinoma in cirrhosis. A study
on 207 patients. Cancer 1992; 69: 925-929 [PMID: 1310435]
Ohmoto K, Yoshioka N, Tomiyama Y, Shibata N, Kawase T,
Yoshida K, Kuboki M, Yamamoto S. Comparison of therapeutic
effects between radiofrequency ablation and percutaneous
microwave coagulation therapy for small hepatocellular
carcinomas. J Gastroenterol Hepatol 2009; 24: 223-227 [PMID:
18823439 DOI: 10.1111/j.1440-1746.2008.05596.x]
Livraghi T, Meloni F, Di Stasi M, Rolle E, Solbiati L, Tinelli C,
Rossi S. Sustained complete response and complications rates after
radiofrequency ablation of very early hepatocellular carcinoma
in cirrhosis: Is resection still the treatment of choice? Hepatology
2008; 47: 82-89 [PMID: 18008357 DOI: 10.1002/hep.21933]
European Association For The Study Of The Liver.; European
Organisation For Research And Treatment Of Cancer. EASLEORTC clinical practice guidelines: management of hepatocellular
carcinoma. J Hepatol 2012; 56: 908-943 [PMID: 22424438 DOI:
10.1016/j.jhep.2011.12.001]
Facciorusso A, Di Maso M, Muscatiello N. Microwave ablation
versus radiofrequency ablation for the treatment of hepatocellular
carcinoma: A systematic review and meta-analysis. Int J
Hyperthermia 2016; 32: 339-344 [PMID: 26794414 DOI: 10.3109
/02656736.2015.1127434]
Lencioni R, de Baere T, Burrel M, Caridi JG, Lammer J, Malagari
K, Martin RC, O’Grady E, Real MI, Vogl TJ, Watkinson A,

August 7, 2017|Volume 23|Issue 29|

Dimitroulis D et al . Current evidence for HCC

70

71
72
73

74

75

76

77

Geschwind JF. Transcatheter treatment of hepatocellular carcinoma
with Doxorubicin-loaded DC Bead (DEBDOX): technical
recommendations. Cardiovasc Intervent Radiol 2012; 35: 980-985
[PMID: 22009576 DOI: 10.1007/s00270-011-0287-7]
Kuei A, Saab S, Cho SK, Kee ST, Lee EW. Effects of Yttrium-90
selective internal radiation therapy on non-conventional liver
tumors. World J Gastroenterol 2015; 21: 8271-8283 [PMID:
26217079 DOI: 10.3748/wjg.v21.i27.8271]
Tsai CL, Hsu FM, Cheng JC. How to Improve Therapeutic Ratio
in Radiotherapy of HCC. Liver Cancer 2016; 5: 210-220 [PMID:
27493896 DOI: 10.1159/000367767]
Kim DW, Talati C, Kim R. Hepatocellular carcinoma (HCC):
beyond sorafenib-chemotherapy. J Gastrointest Oncol 2017; 8:
256-265 [DOI: 10.21037/jgo.2016.09.07]
Chlebowski RT, Brzechwa-Adjukiewicz A, Cowden A, Block JB,
Tong M, Chan KK. Doxorubicin (75 mg/m2) for hepatocellular
carcinoma: clinical and pharmacokinetic results. Cancer Treat Rep
1984; 68: 487-491 [PMID: 6322986]
Matsumoto K, Nagahara T, Okano J, Murawaki Y. The growth
inhibition of hepatocellular and cholangiocellular carcinoma cells
by gemcitabine and the roles of extracellular signal-regulated
and checkpoint kinases. Oncol Rep 2008; 20: 863-872 [PMID:
18813828]
Abou-Alfa GK, Schwartz L, Ricci S, Amadori D, Santoro A,
Figer A, De Greve J, Douillard JY, Lathia C, Schwartz B, Taylor
I, Moscovici M, Saltz LB. Phase II study of sorafenib in patients
with advanced hepatocellular carcinoma. J Clin Oncol 2006; 24:
4293-4300 [PMID: 16908937 DOI: 10.1200/JCO.2005.01.3441]
Abou-Alfa GK, Amadori D, Santoro A, Figer A, De Greve
J, Lathia C, Voliotis D, Anderson S, Moscovici M, Ricci S. Is
sorafenib (S) safe and effective in patients (pts) with hepatocellular
carcinoma (HCC) and Child-Pugh B (CPB) cirrhosis? J Clin Oncol
2008; 26: 4518 [DOI: 10.1200/jco.2008.26.15_suppl.4518]
Abou-Alfa GK, Johnson P, Knox J, Davidenko I, Lacava J, Leung

78

79

80

81
82

T, Mori A, Le Berre M, Voliotis D, Saltz L. Final results from
a phase II (PhII), randomized, double-blind study of sorafenib
plus doxorubicin (S D) versus placebo plus doxorubicin (P D) in
patients (pts) with advanced hepatocellular carcinoma (AHCC).
Presented at the Gastrointestinal Cancers Symposium; Orlando,
Florida; 2008
Minami Y, Kudo M. Therapeutic response assessment of
transcatheter arterial chemoembolization for hepatocellular
carcinoma: ultrasonography, CT and MR imaging. Oncology 2013;
84 Suppl 1: 58-63 [PMID: 23428860 DOI: 10.1159/000345891]
Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan
RS, Rubinstein L, Verweij J, Van Glabbeke M, van Oosterom
AT, Christian MC, Gwyther SG. New guidelines to evaluate the
response to treatment in solid tumors. European Organization
for Research and Treatment of Cancer, National Cancer Institute
of the United States, National Cancer Institute of Canada. J Natl
Cancer Inst 2000; 92: 205-216 [PMID: 10655437 DOI: 10.1093/
jnci/92.3.205]
Nishino M, Jackman DM, Hatabu H, Yeap BY, Cioffredi LA, Yap
JT, Jänne PA, Johnson BE, Van den Abbeele AD. New Response
Evaluation Criteria in Solid Tumors (RECIST) guidelines for
advanced non-small cell lung cancer: comparison with original
RECIST and impact on assessment of tumor response to targeted
therapy. AJR Am J Roentgenol 2010; 195: W221-W228 [PMID:
20729419 DOI: 10.2214/AJR.09.3928]
Lencioni R, Llovet JM. Modified RECIST (mRECIST) assessment
for hepatocellular carcinoma. Semin Liver Dis 2010; 30: 52-60
[PMID: 20175033 DOI: 10.1055/s-0030-1247132]
Llovet JM, Di Bisceglie AM, Bruix J, Kramer BS, Lencioni R,
Zhu AX, Sherman M, Schwartz M, Lotze M, Talwalkar J, Gores
GJ; Panel of Experts in HCC-Design Clinical Trials. Design and
endpoints of clinical trials in hepatocellular carcinoma. J Natl
Cancer Inst 2008; 100: 698-711 [PMID: 18477802 DOI: 10.1093/
jnci/djn134]
P- Reviewer: Tomizawa M, Wong GLH S- Editor: Qi Y
L- Editor: A E- Editor: Li D

WJG|www.wjgnet.com

5294

August 7, 2017|Volume 23|Issue 29|

World J Gastroenterol 2017 August 7; 23(29): 5295-5303

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v23.i29.5295

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE
Basic Study

Partial external biliary diversion in bile salt export pump
deficiency: Association between outcome and mutation
Philipp Ellinger, Jan Stindt, Carola Dröge, Katharina Sattler, Claudia Stross, Stefanie Kluge, Diran Herebian,
Sander HJ Smits, Martin Burdelski, Sebastian Schulz-Jürgensen, Antje Ballauff, Jan Schulte am Esch, Ertan
Mayatepek, Dieter Häussinger, Ralf Kubitz, Lutz Schmitt
Philipp Ellinger, Jan Stindt, Sander HJ Smits, Lutz Schmitt,
Institute of Biochemistry, Heinrich-Heine-University Düsseldorf,
40225 Düsseldorf, Germany

reviewed and approved by the Institutional Review board, the
“Ethikkommission an der Medizinischen Fakultät der HeinrichHeine-Universität Düsseldorf” (Study number 2875).

Jan Stindt, Carola Dröge, Katharina Sattler, Claudia Stross,
Stefanie Kluge, Dieter Häussinger, Ralf Kubitz, Medical
Faculty, Department of Gastroenterology, Hepatology and
Infectious Diseases, Heinrich-Heine-University Düsseldorf, 40225
Düsseldorf, Germany

Conflict-of-interest statement: The authors declare no conflict
of interest.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Diran Herebian, Ertan Mayatepek, Department of General
Pediatrics, Neonatology and Pediatric Cardiology, Medical
Faculty, Heinrich-Heine-University Düsseldorf, 40225 Düsseldorf,
Germany
Martin Burdelski, Sebastian Schulz-Jürgensen, Department of
Paediatrics, University Hospital Schleswig Holstein, 24105 Kiel,
Germany
Antje Ballauff, Department of Paediatrics, Helios Clinic, 47805
Krefeld, Germany

Manuscript source: Invited manuscript

Jan Schulte am Esch, Department of General Surgery,
Heinrich-Heine-University, 40225 Düsseldorf, Germany

Correspondence to: Dr. Lutz Schmitt, Professor, Institute
of Biochemistry, Heinrich-Heine-University Düsseldorf, Univer
sitätsstr. 1, 40225 Düsseldorf, Germany. lutz.schmitt@hhu.de
Telephone: +49-211-8110773

Author contributions: Ellinger P and Stindt J contributed
equally to this work; Ellinger P, Stindt J, Dröge C, Sattler K,
Stross C and Kluge S performed the experiments; Herebian D
and Mayatepek E carried out bile salt analysis; Burdelski M,
Schulz-Jürgensen S, Ballauff A, Kubitz R and Häussinger D
treated the patients; Schulte am Esch J collected human bile
samples; Ellinger P, Stindt J, Kubitz R and Schmitt L designed
experiments; Smits SHJ, Kubitz R and Schmitt L wrote the paper;
all authors contributed to the final manuscript.

Received: January 1, 2017
Peer-review started: January 5, 2017
First decision: January 19, 2017
Revised: May 10, 2017
Accepted: June 9, 2017
Article in press: June 12, 2017
Published online: August 7, 2017

Supported by the German Research Foundation through the
Clinical Research Group KFO217 “Hepatobiliary transport
and liver diseases”; and the Collaborative Research Centre 974
“Communication and Systemic Relevance in Liver Damage and
Regeneration”.

Abstract
AIM
To investigate the relation of two different mutations to
the outcome of partial external biliary diversion (PEBD)
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in severe bile salt export pump (BSEP) deficiency.

the functional impact of two distinct BSEP mutations on
transporter localization and function in two unrelated
PFIC-2 patients showing a drastically different response
to partial external biliary diversion (PEBD). Our data
demonstrate that residual bile salt transport by BSEP is
likely required for a beneficial outcome of PEBD.

METHODS
Mutations in the gene encoding BSEP leading to
severe BSEP deficiency in two unrelated patients
were identified by genomic sequencing. Native liver
biopsies and transiently transfected human embryonic
kidney (HEK) 293 cells expressing either wild-type or
mutated BSEP were subjected to immunofluorescence
analysis to assess BSEP transporter localization. Bile
acid profiles of patient and control bile samples were
generated by ultra-performance liquid chromatographytandem mass spectrometry. Wild-type and mutant
3
BSEP transport of [ H]-labeled taurocholate (TC) and
taurochenodeoxycholate (TCDC) was assessed by
vesicular transport assays.

Ellinger P, Stindt J, Dröge C, Sattler K, Stross C, Kluge S,
Herebian D, Smits SHJ, Burdelski M, Schulz-Jürgensen S,
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RESULTS
A girl (at 2 mo) presented with pruritus, jaundice and
elevated serum bile salts (BS). PEBD stabilized liver
function and prevented liver transplantation. She
was heterozygous for the BSEP deletion p.T919del
and the nonsense mutation p.R1235X. At the age of
17 years relative amounts of conjugated BS in her
bile were normal, while total BS were less than 3%
as compared to controls. An unrelated boy (age 1.5
years) presenting with severe pruritus and elevated
serum BS was heterozygous for the same nonsense
and another missense mutation, p.G1032R. PEBD
failed to alleviate pruritus, eventually necessitating liver
transplantation. BS concentration in bile was about
5% of controls. BS were mainly unconjugated with an
unusual low amount of chenodeoxycholate derivatives
(< 5%). The patients’ native liver biopsies showed
canalicular BSEP expression. Both BSEP p.T919del and
p.G1032R were localized in the plasma membrane
in HEK293 cells. In vitro transport assays showed
drastic reduction of transport by both mutations. Using
purified recombinant BSEP as quantifiable reference,
per-molecule transport rates for TC and TCDC were
determined to be 3 and 2 BS molecules per wild-type
BSEP transporter per minute, respectively.

INTRODUCTION
Chronic cholestasis is a major cause of severe liver disease
in young children. Apart from biliary atresia, four types
of progressive familial intrahepatic cholestasis (PFIC)
are currently diagnosed. While PFIC-4 is caused by
leaky bile canalicular tight junctions due to mutations
[1]
in the TJP2 gene , PFIC-1 to -3 are caused by
inherited defects in transporter proteins residing in the
canalicular membrane of hepatocytes. Mutations in the
ATP8B1 gene encoding a phosphatidylserine flippase
[2,3]
(FIC1) cause PFIC-1 . PFIC-2 is linked to mutations
[4]
in ABCB11 encoding the bile salt export pump (BSEP) .
BSEP is an ATP binding cassette transporter and
transports conjugated bile salts (BS), with highest
transport capacity for tauro-/glycochenodeoxycholic
[5]
acid (TCDC/GCDC) and taurocholic acid (TC) . Defects
in canalicular BSEP functionality cause severe liver
disease by compromising BS excretion into bile, while
intracellular and serum BS concentrations rise to
toxic levels. Milder forms of BSEP disease have been
denoted as benign recurrent intrahepatic cholestasis
(BRIC). BRIC is characterised by self-limiting cho
lestatic episodes with pruritus. BRIC-associated
mutations are in general less severe as compared
to PFIC-related mutations, which more often affect
[6]
transmembrane helices and which include nonsense
[7]
and frame-shift mutations .
PFIC-3 is caused by mutations of the multidrug
resistance protein 3 (MDR3) encoded by the ABCB4
[8-10]
gene
. MDR3 transports phosphatidylcholine-type
lipids from the inner to the outer canalicular membrane
leaflet, from where they are likely extracted by BS
[11]
to form mixed micelles with cholesterol . The flip
of phosphatidylserine from the outer to the inner
leaflet by the ATP8B1 gene product compensates this
[12]
membrane destabilization . In PFIC-1 and PFIC-2
γ-glutamyltransferase (GT) levels are normal, which
are attributed to low concentrations of free toxic

CONCLUSION
In summary, our findings suggest that residual function
of BSEP as well as substrate specificity influence the
therapeutic effectiveness of PEBD in progressive familial
intrahepatic cholestasis type 2 (PFIC-2).
Key words: Familial intrahepatic cholestasis type
2; Partial external biliary diversion; Bile salt export
pump; ATP binding cassette transporter; Intrahepatic
cholestasis
© The Author(s) 2017. Published by Baishideng

Publishing Group Inc. All rights reserved.

Core tip: PFIC-2, a severe form of BSEP deficiency,
is caused by mutations of the bile salt export pump
(BSEP), an ATP binding cassette transporter exclusively
expressed in hepatocytes. In this study we determine
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Cloning of BSEP and mutagenesis for expression in
HEK293 cells

[13]

BS in bile of these patients , whereas PFIC-3 is
characterized by elevated serum γGT.
Many PFIC patients receive ursodeoxycholic acid
(UDCA) as a first-line treatment. UDCA stimulates
BSEP expression, inhibits BS synthesis and stimulates
[14]
BS clearance via urine . When symptoms do not
improve sufficiently, partial external biliary diversion
(PEBD) may be considered as a surgical intervention to
[15]
reduce the toxic bile salt pool in PFIC-1 and -2 . The
continuous removal of bile may alleviate the otherwise
intractable pruritus associated with PFIC, improving
quality of life as well as prolonging transplant-free
[15]
survival . While many PFIC-1 and -2 patients improve
upon PEBD, some fail to benefit from the procedure.
The reasons for the different therapeutic responses are
not well understood.
We investigated the functional properties of two
BSEP missense mutations causing PFIC-2 in two
unrelated children that responded fundamentally
different to UDCA and PEBD treatment.

For expression of human BSEP, a tag-less version
[6]
of plasmid pEYFP-N1-OriLeu-BSEP was generated
resulting in a BSEP reading frame without any
artificial tags or cloning artifacts as determined by
gene sequencing. Deletion of the EYFP-tag and
introduction of the p.T919del and p.G1032R mutations
[20]
were performed using the DREAM method . For
immunofluorescence studies, HEK293 cells seeded
onto coverslips were transfected at sub-confluence
with 2 μg of plasmids using polyethyleneimine (MW
25 kDa; Sigma Aldrich). For isolation of plasma mem
brane vesicles, cells were transfected at a confluence
of 30%-40% with 30 μg of each plasmid per 15-cm
diameter cell culture dish and cultured for 48 h.

Isolation of human embryonic kidney 293 plasma
membrane vesicles

Transfected cells were collected, re-suspended in
ice-cold hypotonic buffer (10 mmol/L Tris-HCl pH 8.0,
10 mmol/L KCl, 5 mmol/L EDTA) containing protease
inhibitor cocktail (Roche) and incubated for 30 min at
4 ℃ on a rotator. All subsequent steps were carried
out at 4 ℃. Cells were disrupted with ten strokes using
a tight-fitting Potter-Elvehjem homogenizer. Cellular
debris was spun down for 10 min at 400 × g and the
supernatant was further centrifuged at 1000 × g for
10 min. The resulting supernatant was centrifuged at
265000 × g in a Ti70 rotor (Beckman). The membrane
pellet was re-suspended in 50 mmol/L Hepes-Tris, pH
7.4, 100 mmol/L KNO3, 50 mmol/L sucrose, snapfrozen in liquid nitrogen and stored at -80 ℃ until
further use.

MATERIALS AND METHODS
Bile sample collection and analysis

The study was performed according to the guidelines
of the declaration of Helsinki and informed written
consent was obtained from patients or their parents.
Bile samples from both patients were collected
by external drainage. Bile samples from six noncholestatic patients were collected intraoperatively.
These patients were operated for oncological reasons
and bile was collected from the common bile duct
before routine gallbladder removal. Six bile samples
from the common bile ducts were collected from
patients with obstructive cholestasis (2 × PSC, 2 ×
choledocholithiasis, 1 × benign and 1 × malignant
bile duct obstruction) during endoscopic retrograde
cholangiography (ERC).
Solid phase extraction of bile acids and analysis of
BS profiles by liquid chromatography-tandem mass
spectrometry (LC-MS/MS) was performed as described
[6]
previously .
Sequencing of ABCB11 (BSEP, NM_003742.2),
ATP8B1 (FIC1, AF038007) and ABCB4 (MDR3,
NM_018849.2) was performed using genomic DNA
extracted from EDTA blood and standard sequencing
[16,17]
as described recently
. Exons containing the start
codon were defined as the exon one and the adenine
of the start codon was counted as “one”.
Immunofluorescence staining of liver biopsies
and transfected HEK293 cells was performed as
[17,18]
described
. Liver biopsies were stained using
[19]
the K24 antiserum for BSEP , P3Ⅱ -26 for MDR3
and a mix of antibodies M2I-4 and M2Ⅲ-6 for MRP2
(Enzo Life Sciences). Methanol-fixed HEK293 cells
were stained using the BSEP antibody F-6 (Santa Cruz
+
+
Biotechnology) and the Na /K -ATPase antibody M7PB-E9 (Sigma Aldrich). Appropriate fluorophorelabelled secondary antibodies were used.
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Quantification of BSEP in plasma membrane vesicles

Human BSEP was expressed in Pichia pastoris and
[21]
purified as described in Ellinger et al . Protein
concentrations were determined using the Coomassie
Plus Assay (Thermo Scientific). A specified amount of
purified BSEP was loaded onto a 7% SDS-PAGE gel
together with 20 μg of each plasma membrane vesicle
preparation. Samples were incubated in 3% SDS
for 30 min at 37 ℃, supplemented with 1/4 volume
of 5 × reducing Laemmli sample buffer and further
incubated for 10 min at 65 ℃. SDS-PAGE and Western
[21]
blotting was performed as described . BSEP was
detected by the F-6 antibody and a goat anti-mouseHRP secondary antibody (Jackson ImmunoResearch),
using the Western lightning plus ECL Kit (Perkin
2
Elmer). Images were acquired using the Chemigenius
detection system (Syngene) according to the manu
facturer’s guidelines. The time of exposition was
adjusted to prevent signal saturation. Signals were
subsequently quantified with the GeneTools analysis
software (V.3.06; Syngene) by comparing bands
corresponding to known amounts of purified BSEP with
bands in the lanes containing vesicle preparations.
Vesicular transport studies were essentially
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[22]

performed as described in Herédi-Szabó et al .
Reactions were set up to contain equal BSEP amounts
in a final reaction volume of 70 μL and included either
3
3
2 μmol/L [ H]-TC or [ H]-TCDC. Transport was started
by addition of ATP or transport buffer as background
control. Reactions were incubated at 37 ℃for 5 min
or 30 min and stopped with ice-cold washing buffer
followed by rapid filtration through 0.22 μm mixed
cellulose membrane filters (type GSTF; Millipore).
TM
Filters were air-dried and suspended in Ultima Gold
scintillation liquid in polypropylene vials (Perkin Elmer)
for liquid scintillation counting. BSEP-dependent
transport was calculated by subtracting the amount
of radioactivity in BSEP-containing vesicles obtained
2+
in the presence of ATP/Mg from that obtained in the
absence of ATP.

signs of fibrosis. Sequencing of ATP8B1 (FIC1) showed
the common heterozygous variant p.R952Q and the
common homozygous variant p.N168N was found
in the ABCB4 gene. ABCB11 sequencing, however,
uncovered the same heterozygous nonsense mutation
(c.3703C>T; p.R1235X) as found in the first patient along
with a heterozygous missense mutation (c.3094G>C)
leading to an amino acid change from glycine to arginine
at position 1032 (p.G1032R). Genetic testing of both
healthy parents showed paternal inheritance of the
nonsense and maternal inheritance of the missense
mutation. At the age of four, this patient had to be
transplanted due to his intractable pruritus despite
PEBD. Histology of the explant confirmed absence of
cirrhosis.

Bile salt analysis of serum and bile confirm defects in
bile salt transport

RESULTS

Total BS concentration in bile of the female patient
(p.T919del) was 1531 μmol/L (including 931 μmol/L of
UDCA derivatives), which is only 2.5% of total biliary
BS in non-cholestatic patients (Table 1 and Figure 1). As
in controls and in patients with obstructive cholestasis,
we found almost no unconjugated BS in her bile.
Notably, the ratio between taurine- and glycineconjugated bile acids in the patient’s bile was very
similar to the ratio in controls (Figure 1A). Likewise, the
fraction of CDCA derivatives was comparable to that
in controls. The fraction of cholic acid (CA) derivatives
was higher in the patient than in controls. This can be
attributed to partial disruption of the enterohepatic
circulation by PEBD. In healthy individuals, CA and
its derivatives are dehydroxylated in the intestine
by bacteria to deoxycholic acid (DCA), which is
reabsorbed. Indeed, the combined relative amount
of DCA and CA derivatives in controls is of the same
magnitude as that of CA in the patient. Total serum BS
concentration was 150 μmol/L (normal: < 8 μmol/L)
including UDCA-derivatives, while relative amounts of
single BS species were similar to values in controls.
As in bile, DCA and derivatives were absent in the
patient’s serum. Taken together, the findings suggest
a severe reduction markedly reduced canalicular BSEP
function in the presence of the p.T919del mutation
despite UDCA treatment, which is known to stabilize
[14]
BSEP and enhance its expression .
Bile of the male patient (p.G1032R) showed a total
BS amount of 3451 μmol/L (about 5% of controls;
Table 1 and Figure 1). Surprisingly, 68% of these were
unconjugated bile acids (Figure 1B). Furthermore,
there were no conjugates of CDCA and only a minor
proportion was unconjugated CDCA. CA and its
conjugates amounted to more than 95% of bile acids
in the patient’s bile. The absence of CDCA and its
conjugates was not caused by defects in conjugation,
because tauro- as well as glyco-CDCA was present
in elevated amounts with a normal ratio of CDCA
derivatives in the serum of the patient (Table 1). While
the absolute amount of CA derivatives was 22% of

Two unrelated PFIC-2 patients with different responses
to UDCA treatment and PEBD

A two-months-old girl presented with non-obstructive
cholestasis und severe pruritus. γ GT levels were
normal, while serum BS were strongly elevated
(150 μ mol/L). A liver biopsy at the age of 1 year
showed no signs of inflammation but some fibrotic
thickening of the portal tracts together with intraand intercellular cholestasis. Therefore PFIC was
suspected and at the age of five PEBD was initiated
to avert further cholestatic liver damage. Serum
BS decreased and symptoms completely resolved.
At the age of 17 years, a moderate deterioration of
liver function was observed. Fibroscan was 14.1 kPa
[23]
[24]
reflecting fibrosis
or cholestasis . A liver biopsy
(for immunostaining), a DNA sample and diverted bile
were taken and analysed. Because a low-γGT PFIC was
suspected, sequencing of ATP8B1 (FIC1) and ABCB11
(BSEP) was performed. While ATP8B1 only showed
two heterozygous intronic variants, sequencing of
ABCB11 revealed a heterozygous nonsense mutation
(c.3703C>T; p.R1235X) and a heterozygous triplet
deletion (c.2756_2758delCCA), causing loss of a single
threonine at amino acid position 919 (p.T919del).
Genetic analysis of the healthy parents indicated
paternal inheritance of the nonsense mutation and
maternal inheritance of the deletion. The patient
continued to be symptom-free under PEBD without
the need for liver transplantation in the continuous
presence of UDCA treatment.
An unrelated boy of 18 mo presented with nonobstructive cholestasis and severe pruritus and total
serum BS were increased (371 μ mol/L). PFIC was
suspected, however, UDCA treatment did not alleviate
pruritus. PEBD was performed at two years and seven
months of age, which led to a drop of serum bile salts
from 412 μmol/L (the day before PEBD) to 207 μmol/L
(5 d post-OP), 70 μmol/L (7 mo after PEBD) and 93
μmol/L (1 year after PEBD). Symptoms only improved
transiently. A biopsy taken during the PEBD showed no
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Table 1 Concentrations of bile acids in serum and bile
Serum
T919del
CA
Tauro-CA
Glyco-CA
CDCA
Tauro-CDCA
Glyco-CDCA
DCA
Tauro-DCA
Glyco-DCA
UDCA
Tauro-UDCA
Glyco-UDCA
total
% CDCAderivatives
bile/serum (μmol/L/μmol/L)

G1032R

5.4
25

7.2
39

5.2
26

6.2
18

0.01
7.5
81
150.1
21

70.4
34

Bile
Controls (n = 33)

T919del

0.15 ± 0.09
0.15 ± 0.17
0.28 ± 0.31
0.13 ± 0.12
0.17 ± 0.17
0.49 ± 0.60
0.25 ± 0.29
0.11 ± 0.08
0.24 ± 0.25
0.11 ± 0.04

85.7
274.5

G1032R

Controls (n = 6)

2232
549
552
118

15 ± 9
3721 ± 2597
8189 ± 5978

54.2
185.7

3840 ± 2005
8285 ± 8306
3028 ± 2562
5777 ± 4287

77.4
853.2
1531
40
10.2

0.36 ± 0.18
1.37 ± 1.61
36 ± 16

357 ± 218
861 ± 635
33603 ± 23354
38 ± 8
ca. 24500

3451
3
49

Cholestasis (n = 6)
88 ± 72
754 ± 405
1133 ± 662
120 ± 48
646 ± 396
1100 ± 811
35 ± 19
351 ± 328
537 ± 674
146
384 ± 591
1403 ± 1877
5965 ± 4447
  44 ± 5

Bile salt derivatives in bile of the female patient (p.T919del) and the male patient (p.G1032R), in six non-cholestatic patients and in six patients with
obstructive cholestasis of different causes. Serum control values are from 33 non-cholestatic patients. Values are given in μmol/L. CA: Cholic acid; UDCA:
Ursodeoxycholic acid.

B

A

Distribution of BA-derivatives (%)

Type of conjugation of BA-derivatives (%)
100%

100%

80%

80%

60%

60%

40%

40%

20%

20%

0%

unconj.

Taurine

Glycine

0%

CA

CDCA

DCA

Figure 1 Bile acid derivatives in bile samples of the two patients. Concentrations of different bile acid derivatives were measured in bile samples of two patients
possessing the bile salt export pump (BSEP)-T919del and BSEP-G1032R mutation, respectively, as well as in six non-cholestatic and in six cholestatic control
samples (Table 1). A: Relative amounts of unconjugated, taurine- or glycine-conjugated bile acids are shown. In the background of the BSEP-G1032R mutation a very
high amount ( > 60%) of unconjugated bile salts is found; B: Relative amounts of cholic, chenodeoxycholic and deoxycholic acid (CA, CDCA, DCA) including their
corresponding conjugates are shown. In the background of the BSEP-G1032R less than 5% of bile acids are chenodeoxycholic acid and its conjugates (UDCA and
conjugates were omitted from these plots). CA: Cholic acid; DCA: Deoxycholic acid; CDCA: Chenodeoxycholic acid.

controls, the total amount of CDCA and its derivatives
was only 0.4% of controls. These data strongly suggest
that the p.G1032R mutation also reduces canalicular
BSEP function. The observed shift from CDCA to CA
derivatives may be caused by an altered substrate
specificity of BSEP, when the mutation p.G1032R
is present. The predominance of unconjugated BS
may be due to bacterial contamination of the biliary
tract after PEBD and subsequent de-conjugation by
bacterial enzymes, although the patient had no signs
of bacterial cholangitis.

residues containing essential motifs of the second
nucleotide binding domain (Walker B, D-and H-loop), this
premature stop results in a truncated, non-functional
transporter. Using the K24 antiserum raised against
[19]
the C-terminus of BSEP , only the full-length variants
carrying the missense mutation or deletion alleles
are detected. Both BSEP-T919del and BSEP-G1032R
showed normal, canalicular localization. To further
confirm this, both mutations were introduced into a
mammalian BSEP expression plasmid and transiently
transfected into HEK293 cells. Both BSEP-T919del and
BSEP-G1032R showed a regular plasma membrane
localization comparable to wild-type BSEP (Figure 2B).

BSEP-T919del and BSEP-G1032R are correctly localized
in vivo and and in vitro

Bile salt transport by BSEP-T919del and BSEP-G1032R
is impaired in vitro

Immunofluorescent staining showed normal canalicular
expression of MDR3 and MRP2 (bilirubin transporter)
in liver biopsies of both patients (Figure 2A). Since
BSEP-R1235X lacks the C-terminal 87 amino acid
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Plasma membrane vesicles containing wild-type
BSEP, BSEP-T919del or BSEP-G1032R were prepared
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Figure 2 Immunofluorescence studies. A: Liver biopsy from the female patient possessing the BSEP-T919del mutation. ( Ⅰ) Immunoreactivity of BSEP
(K24-antibody) was apparently normal as compared to the bilirubin transporter multidrug resistance- associated protein 2 (MRP2; M2I-4- and M2III-6-antibodies). (Ⅱ)
Immunoreactivity of MDR3 (P3Ⅱ-26-antibody) showed a typical canalicular pattern similar to MRP2 (EAG5-antibody). Liver biopsy from the male patient (p.G1032R
mutation) shows an almost regular BSEP expression (K24-antibody) and MDR3 (Ⅲ) and MRP2 (Ⅳ); B: Wild-type BSEP is largely expressed at the cell membrane of
human embryonic kidney (HEK293) cells. Likewise, both BSEP mutants, with deletion of threonine at position 919 (p.T919del) and with arginine instead of glycine at
amino acid position 1032 (p.G1032R), are localized at the plasma membrane (Bars = 5 μm). BSEP: Bile salt export pump.
[25]

from transiently transfected HEK293 cells. In order
to determine a transport rate per BSEP rather than
per total protein, we purified recombinant human
BSEP from the yeast Pichia pastoris as described in
[21]
detail in Ellinger et al . Protein purity, as isolated
by a two-step purification procedure, was more than
90% (Figure 3A, left panel). Using purified BSEP as
quantitative standard, we quantified BSEP amounts
in vesicle preparations by immunoblotting (Figure 3A,
right panel for an example). Vesicular transport assays
(Figure 3B) using equal amounts of each BSEP variant
showed a strong reduction of TC and TCDC transport
by BSEP-T919del and an even more pronounced
reduction in transport for BSEP-G1032R. Notably, the
amount of transported TC and TCDC increased from 5
min to 30 min for BSEP-T919del. In contrast, no increase
of TC or TCDC accumulation over time was observed
for BSEP-G1032R within experimental error.

in up to 72% of affected patients . Reduced or
absent canalicular BSEP expression can for example
[7,27,28]
be caused by splicing defects
, premature stop
codons or by impaired targeting to the canalicular
[5,16]
membrane
. In our patients canalicular BSEP
expression was well detectable in liver biopsies and
targeting was apparently normal as shown by transient
expression of mutated BSEP in HEK293 cells (Figure 2).
Instead, the transporter function itself is compromised.
While BSEP-T919del showed a residual transport of
both BS species (22% and 34% transport of TC and
TCDC as compared to wild-type BSEP), the p.G1032R
mutation essentially abolished transport of the
conjugated bile salts TC and TCDC in vitro. Taking into
account that the decrease of the bile-to-serum ratio
for BS is less pronounced in the presence of BSEPG1032R than of BSEP-T919del, it must be assumed
that decreased transport capacity of BSEP-G1032R is
at least partially compensated by a higher expression
level. Nevertheless, the outcome after PEBD-treatment
is worse in the boy carrying the p.G1032R mutation,
which is otherwise a well-established therapy in severe
[29,30]
BSEP-disease
. Interestingly, determination of BS
species in the bile samples of the two patients showed
a marked shift in the composition of single bile salts in
the boy’s sample. Notably, there are less than 5% of

DISCUSSION
Both patients reported here suffered from severe
cholestasis due to deficient canalicular transport of BS.
It has been shown in earlier studies that absence of
BSEP from the canalicular membrane is a diagnostic
[18,25,26]
feature of PFIC-2/BSEP-disease
, which is found
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Figure 3 In vitro transport assay of wild-type bile salt export pump, BSEP-T919del and BSEP-G1032R. A: Left, Coomassie brilliant blue (CBB) stained SDSPAGE gel of purified Bile Salt Export Pump (BSEP) expressed in Pichia pastoris. 9 μg protein was loaded on the lane. Right, Western blot of purified BSEP and
membrane preparations of BSEP-T919del, BSEP-G1032R, BSEP wild-type (WT) and empty control (Ctrl). 38.5 ng of purified BSEP or 15 μL of the membrane
preparations were subjected to SDS-PAGE. After detection with the monoclonal antibody, the gel was analyzed densitometrically to calculate the amount of wild-type
or mutant BSEP or in the membrane preparations (relative densitometric values below panel); B: [3H]-taurocholate (TC) and [3H]-taurochenodeoxycholate (TCDC)
transport by wild-type BSEP, BSEP-T919del, and BSEP-G1032R after 5 (black bars) and 30min (white bars). Experimental details are provided in Materials and
Methods. The amount of translocated TC (left) or TCDC (right) per mg of BSEP was determined based on the quantification of wild-type BSEP, BSEP-T919del and
BSEP-G1032R in the membrane vesicle preparations. All measurements represent the average with standard deviation of triplicate measurements; C: The homology
model of BSEP was generated based on the outward-facing crystal structure of the multidrug transporter Sav18662 from S. aureus (pdb entry: 2HYD). The putative
localisation of T919 at the outer surface of the transporter molecule and of G1032 close to the potential translocation pore of BSEP is highlighted by red spheres.
Pmol/mg BSEP. BSEP: Bile salt export pump.

conjugated bile salts and CA outbalances CDCA. The
latter finding is in contrast with the known substrate
[5]
specificity of human BSEP , indicating a significant
shift in specificity of the mutated transporter.
The presence of unconjugated BS may theoretically
be due to de-conjugation within the biliary tract,
although clinically there was no evidence of cholangitis
or bacterial contamination of bile ducts and gallbladder.
The lack of CDCA and its conjugates is not due to a
defect in BS synthesis, since CDCA species were found
in the serum in a normal distribution. Bile analysis of
the BSEP-G1032R affected patient revealed that more
unconjugated than conjugated cholate is transported
into bile. Considering that the intracellular amount
of unconjugated cholate in general is much lower
than that of taurine- or glycine-conjugated cholate,
it must be assumed that unconjugated cholate is
transported much better than conjugated cholate by
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BSEP-G1032R. This may explain why in our transport
assay TC and TCDC transport was almost absent,
although the bile-to-serum ratio of all bile acids was
3
approximately 50. Unfortunately, [ H]-labelled un
conjugated cholate was not available for use in our
assay to test our hypothesis.
Using purified BSEP as a quantitative reference, the
amount of wild-type BSEP and both mutations could
be determined (Figure 3B). Thus it was possible to
obtain a per-molecule transport rate for human BSEP.
Assuming that all BSEP molecules within the membrane
vesicles are in an uptake-competent orientation (NBD
facing the exterior) and generally transport-active, the
number of BS molecules transported per BSEP unit
per minute is 3 for TCDC and 2 for TC, respectively,
under the conditions of the assay (5 min duration).
These two values clearly represent the lowest possible
estimate for TC and TCDC transport. Calibration of
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the Western blot signal likely results in values, which
are too high since our BSEP preparation displayed
homogeneity of approximately 90%. Additionally,
not all BSEP-containing vesicles adopt the insideout orientation (i.e., NBDs facing the exterior) during
preparation. Under the experimental conditions, BS
transport appears to be rather slow. However, it should
be noted that the plasma membrane environment of
HEK293 cells is not identical to the apical membrane of
hepatocytes, lacking its unique membrane asymmetry
and structure and that one cannot ensure that the
linear rate of transport is still maintained. Nevertheless,
this is, to the best of our knowledge, the first time that
a per-transporter translocation rate of TC and TCDC
has been established for human BSEP.
To obtain molecular insights into a structure-function
relation of these two mutations, we employed a
homology model of BSEP (Figure 3C), which is based on
[31]
the outward-facing crystal structure of Sav18662 . Based
on this model, T919 is located at the membraneexposed side of the transporter, while G1032 lines up
the putative translocation pore of BSEP. A deletion of
threonine at position 919 would result in a shift within
the corresponding helix, which obviously interferes
with the function of BSEP. Replacement of a small
glycine residue at position 1032 against a bulky
and charged arginine residue within the pore of the
transporter might either sterically block substrate
translocation or prevent the switch from inwardto outward-facing conformation, because the large
side chain would reduce the flexibility of this region.
This conformational switch is absolutely required for
transport. In addition, the critical localization of this
amino acid might well explain a shift in transporter
specificity. In PFIC-2 patients who do not respond to
PEBD sufficiently, low residual transporter activity as
well as disruption of transporter specificity should be
considered by determining BS profiles in serum and
bile.
Taking the limitations of individual observations
into account, the results suggest that both mutations
reported here differently interfere with the function
of BSEP, which provides a rational explanation for the
individual course of cholestatic liver disease of the two
patients.

Research frontiers

The molecular understanding of pathophysiological consequences of single
mutations or clusters of mutations of BSEP is presently evolving.

Innovations and breakthroughs

The study provides detailed analysis of two BSEP mutations, which have
opposite effects on patient’s outcome in terms of treatment response. Most
importantly, the results strongly indicate that a single amino acid substitution of
BSEP (G1032R) may severely alter its substrate specificity.

Applications

The findings of their study imply that in BSEP-associated liver diseases
evaluation of bile salt profiles (blood and bile) should be considered in addition
to genetic analysis. This will improve the choice for the best treatment and will
advance the prognostic assessment.

Terminology

Partial external biliary diversion (PEBD) is a surgical procedure for drainage of
bile to the outside of the body. Bile is drained from bile ducts via the gallbladder
and a short interposed segment from the small intestine to the surface of the
abdomen.

Peer-review

The authors reported two patients with different mutations of the bile salt export
pump which affect its residual function and substrate specificity. This is a wellwritten paper. The article is innovative. The article suggests that residual
function of BSEP as well as substrate specificity influence the therapeutic
effectiveness of PEBD in PFIC-2.
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Abstract
AIM
To counteract/reveal celecoxib-induced toxicity and NO
system involvement.

Institutional review board statement: The study was reviewed
and approved by the Department of Veterinary, Ministry of
Agriculture, Croatia, No. UP/I 322-01/07-01/210.

METHODS
Celecoxib (1 g/kg b.w. ip) was combined with therapy
with stable gastric pentadecapeptide BPC 157 (known
to inhibit these lesions, 10 µg/kg, 10 ng/kg, or 1 ng/kg
ip) and L-arginine (100 mg/kg ip), as well as NOS
blockade [N(G)-nitro-L-arginine methyl ester (L-NAME)]
(5 mg/kg ip) given alone and/or combined immediately
after celecoxib. Gastrointestinal, liver, and brain lesions
and liver enzyme serum values in rats were assessed at
24 h and 48 h thereafter.
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work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
This high-dose celecoxib administration, as a result of
NO system dysfunction, led to gastric, liver, and brain
lesions and increased liver enzyme serum values. The
L-NAME-induced aggravation of the lesions was notable
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[1]

(NSAIDs) . These results should also be related to
the hitherto undetermined interaction with NO system
dysfunction as well presenting the role of the NO
[2,3]
system in gastrointestinal lesions , liver damage
[4]
and hepatic encephalopathy . These findings would
correspond to hitherto reported lesions after the use of
[5-8]
non-selective NSAIDs .
To clarify and combat the side effects of celecoxib,
we focused on the stable gastric pentadecapeptide
BPC 157, which is known to counteract lesions induced
[5-8]
by non-selective NSAIDs
and to interact with the
[9]
NO system in different models and species . We also
explored mechanisms behind the protection induced
by the NO synthetase (NOS) substrate L-arginine and
the aggravation induced by the NOS blocker N(G)nitro-L-arginine methyl ester (L-NAME).
It was previously shown that celecoxib improved
[10]
gastric lesions , induced the regression of preneo
[11]
plastic lesions in the liver
and counteracted brain
[12-14]
lesions and convulsions
.
However, research into celecoxib-induced damage
[15-21]
[22,23]
showed gastric
or intestinal lesions
and
[24]
aggravation of kainic acid-convulsions . Finally, both
celecoxib and indomethacin prevented the gastro
protective effects induced by a nitric oxide donor or
[25]
an inducer of nitric oxide synthesis . These findings
reveal more gastrointestinal lesions, more liver toxicity,
and more toxicity to the brain as known risks for non[5-8]
selective NSAIDs , which are also associated with
[26,27]
adverse drug reactions in humans
.
Therefore, these results would define the possible
liver and brain lesions in the post-application period
during a course of celecoxib-induced damage. In
this scenario, the combined application of both of
the NO agents L-NAME and L-arginine, i.e., the
application of NOS blockade and an NOS substrate,
testing the dual significance of NO, would clarify
eventual therapeutic attempts and resolve possible
controversies. For example, L-NAME was shown to
attenuate indomethacin-induced microvascular injuries
and leakage while L-arginine worked in conjunction
[28]
with indomethacin .
A likely beneficial effect for the stable gastric
pentadecapeptide BPC 157 on potential celecoxibinduced toxicity might be related to NO system
[1,9]
dysfunction, which follows from consistent evidence .
BPC 157 (as an anti-ulcer peptide that is native and
stable in human gastric juice) has been designated
[29]
to be a novel mediator of cytoprotection
that has
been implemented in inflammatory bowel disease
[30]
and is in trial now to treat multiple sclerosis . Recent
[1,9]
reviews
cover that BPC 157 counteracts COX-1/COX[5-8]
2-induced gastric, intestinal, liver and brain lesions ,
[31]
aspirin-prolonged bleeding and thrombocytopenia
[32]
and might prevent and rescue adjuvant arthritis .
BPC 157 also interacts with the effects of both L-arginine
and L-NAME-induced aggravation in different models
and species. Thus, we examined these possible
[9]
therapies and the mechanisms behind them .
Consequently, we focused on the disturbances at

for gastric lesions, while in liver and brain lesions the
beneficial effect of L-arginine was blunted. L-arginine
counteracted gastric, liver and brain lesions. These
findings support the NO system mechanism(s), both
NO system agonization (L-arginine) and NO system
antagonization (L-NAME), that on the whole are behind
all of these COX phenomena. An even more complete
antagonization was identified with BPC 157 (at both 24
h and 48 h). A beneficial effect was evident on all the
increasingly negative effects of celecoxib and L-NAME
application and in all the BPC 157 groups (L-arginine
+ BPC 157; L-NAME + BPC 157; L-NAME + L-arginine
+ BPC 157). Thus, these findings demonstrated that
BPC 157 may equally counteract both COX-2 inhibition
(counteracting the noxious effects of celecoxib on all
lesions) and additional NOS blockade (equally coun
teracting the noxious effects of celecoxib + L-NAME).
CONCLUSION
BPC 157 and L-arginine alleviate gastrointestinal, liver
and brain lesions, redressing NSAIDs’ post-surgery
application and NO system involvement.
Key words: BPC 157; celecoxib; L-arginine; N(G)-nitroL-arginine methyl ester; rats
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In rats treated with the COX-2 inhibitor
celecoxib, BPC 157 (given intraperitoneally) coun
teracted lesion development in the stomach, liver and
brain. BPC 157 treatment alongside with N(G)-nitroL-arginine methyl ester (L-NAME) also attenuated any
effect of L-NAME that would otherwise have intensified
the deleterious regular course. Consistently, with
exacerbation (induced by L-NAME administration) and
amelioration (due to L-arginine) of gastric, liver and
brain lesions, L-arginine amelioration prevailed (i.e. , the
gastric, liver and brain lesions were attenuated) when
given together with L-NAME (L-NAME + L-arginine),
an effect further reversed toward a marked beneficial
effect by the addition of BPC 157 (L-NAME + L-arginine
+ BPC 157).
Drmic D, Kolenc D, Ilic S, Bauk L, Sever M, Zenko Sever A,
Luetic K, Suran J, Seiwerth S, Sikiric P. Celecoxib-induced
gastrointestinal, liver and brain lesions in rats, counteraction
by BPC 157 or L-arginine, aggravation by L-NAME. World J
Gastroenterol 2017; 23(29): 5304-5312 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i29/5304.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i29.5304

INTRODUCTION
We suggest that celecoxib, a specific COX-2 blocker,
causes gastrointestinal, liver and brain lesions in rats
when given in high doses, as has already been shown
with non-selective nonsteroidal antiinflammatory drugs
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24 h and 48 h after celecoxib application, including
identifying any gastrointestinal, liver and brain lesions
as well as identifying any possible noxious stimuli
that could further aggravate the existing conditions,
e.g., the NOS blocker L-NAME, which was given alone
and combined with celecoxib administration. We also
focused on possible therapies, including the stable
gastric pentadecapeptide BPC 157 and the NOS
substrate L-arginine.
Furthermore, we should emphasize that the pre
vious high-dose regimens used to demonstrate the
[5-8]
toxicity of all non-selective NSAIDs
were compared
with µg-ng regimens of BPC 157 as a potential antidote
[1]
to counteract these effects and to examine the safety
profile of celecoxib. Thus, we consistently used this
selective NSAID at very high doses that consequently
markedly exceeded the maximal dose used in
[10]
patients . Likewise, in rats treated with celecoxib,
both BPC 157 regimens, µg and ng, were also validated
against the NO-related agents L-NAME and L-arginine,
which were given either alone and/or in combination.

determine the serum values of aspartate transaminase
(AST), alanine transaminase (ALT) (IU/L) and total
bilirubin (μmol/L), blood samples were obtained
immediately after sacrifice and were centrifuged for
15 min at 3000 rpm. All tests were measured using an
Olympus AU2700 analyzer with original test reagents
[5-8]
(Olympus Diagnostica, Lismeehan, Ireland) .
Liver lesions: Liver tissue was immediately placed
in 10% neutral buffered formalin for 24 h and
subsequently embedded in paraffin. Hematoxylin-eosinstained sections were analyzed on three high-power
fields. The number of nuclei and area of cytoplasm as
well as their diameter were measured using the ISSA
program (Vamstec, Zagreb, Croatia), and the number
of binucleated cells was also counted. Microvesicular
steatosis was scored from 1-3: 1, less than 20% of
hepatocytes showing microvesicular steatosis; 2,
20%-60% of hepatocytes showing microvesicular
steatosis; and 3, over 60% of hepatocytes showing
microvesicular steatosis. Parenchymal necrosis,
eosinophilic cytoplasm, pyknotic nuclei and conspicuous
nucleoli were scored semiquantitatively as follows: 0,
showing no changes; 1, minimum; 2, moderate; and 3,
[5-8]
maximum changes .

MATERIALS AND METHODS
Animals

Male albino Wistar (200 g) rats were used in all the
experiments (at least 10 rats per experimental group
and interval). Experiments were approved by the local
ethics committee and assessed by observers unaware
of the given treatment.

Brain assay

Brain lesions: Brains were fixed in 10% formalin
for two days. Upon fixation, the brain was grossly
inspected and cut into consecutive coronal sections.
Brain slabs were dehydrated in graded ethanol and
embedded in paraffin. Paraffin blocks were cut into
5-μm slices. Paraffin slices were deparaffinated in
xylene, rehydrated in graded ethanol and stained with
hematoxylin and eosin. The intensity and distribution
of brain lesions (balloonized or red neurons), brain
edema and cyanosis were described and evaluated
semiquantitatively on two scales as follows where 0
generally indicated no changes: 0-3, edema (1, weakly
diffuse and/or perifocal; 2, moderate; and 3, strong
and generalized); 0-4, balloonized or red neurons (1,
[5-8]
5%; 2, 5%-30%; 3, 30%-50%; and 4, > 50%) .

Drugs

The medications used, without carrier or peptidase
inhibitor, included pentadecapeptide BPC 157 (a partial
sequence of the human gastric juice protein BPC that is
freely soluble in water at pH 7.0 and in saline). It was
prepared as a peptide with 99% (HPLC) purity (1-desGly peptide was the main impurity, manufactured by
Diagen, Ljubljana, Slovenia, GEPPPGKPADDAGLV, M.W.
1419). Celecoxib, L-NAME, and L-arginine (Sigma, United
[1,9]
States) were prepared as previously described .

Protocol

Statistical analyses

Celecoxib (1 g/kg) was given intraperitoneally, and
then immediately, as medications, we intraperitoneally
administered the stable gastric pentadecapeptide
BPC 157 (10 μg/kg, 10 ng/kg, 1 ng/kg), L-NAME (5
mg/kg) and L-arginine (100 mg/kg), while controls
simultaneously received an equal volume of saline (5
mL/kg) intraperitoneally.

Statistical analyses of the quantified data were per
formed by analysis of variance (ANOVA). Post hoc
comparisons were appraised using the conservative
Bonferroni/Dunn test. Data are presented as the
mean ± SD. Non-parametric statistical analyses were
performed for categorical data using the KruskalWallis and post hoc Mann-Whitney U test. Values are
expressed as min/med/max. Values of P < 0.05 were
considered statistically significant.

Gastrointestinal assay

Gastric lesions: Injury severity was assessed
immediately after sacrifice. The sum of the longest
lesion’s diameters was assessed as described pre
[5,7,8]
viously
, and gastric tissues were processed for
[5,7,8]
routine microscopy analysis as described previously
.

RESULTS
Gastric lesions

Celecoxib induced severe gastric lesions (histologically,
they appeared as mucosal defects ranging from one

Liver assays - bilirubin and enzyme activity: To
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Table 1 Gastric lesions assessment after celecoxib, BPC 157, L-NAME, L-arginine
Medication (/kg intraperitoneally) immediately after celecoxib 1 Sum of longest lesions diameters (means ± SD, mm) assessed rafter celecoxib and
g/kg intraperitoneally
mediation application
24 h
10 ± 2
0 ± 0a
2 ± 0.8a
2.2 ± 0.6a
13 ± 2
7 ± 1.5
8±2
2 ± 1a
3.2 ± 0.8a
1 ± 0.5a
2.3 ± 0.4a
1 ± 0.5a
2.5 ± 0.4a

Control, saline 5 ml
BPC 157 10 μg
BPC 157 10 ng
BPC 157 1 ng
L-NAME 5 mg
L-arginine 100 mg
L-NAME 5 mg + L-arginine 100 mg
L-NAME 5 mg + BPC 157 10 μg
L-NAME 5 mg + BPC 157 10 ng
L-arginine 100 mg + BPC 157 10 μg
L-arginine 100 mg + BPC 157 10 ng
L-NAME 5 mg + L-arginine 100 mg + BPC 157 10 μg
L-NAME 5 mg + L-arginine 100 mg + BPC 157 10 ng

48 h
17 ± 3.5
7.5 ± 2.8a
4 ± 1.2a
4.3 ± 1a
30 ± 5a
5 ± 1a
10 ± 3a
4 ± 2a
5 ± 0.6a
2.5 ± 0.8a
4.5 ± 0.6a
2.5 ± 0.6a
4.7 ± 0.7a

a

P < 0.05 vs control.

L-arginine
BPC 157

L-NAME

Control

Figure 1 Gross presentation of celecoxib-induced gastric lesions at 48 h.

half of the mucosal thickness to full-blown ulcers;
the defect bed was debris-covered, partially by
erythrocytes, and it was surrounded by an edematous
lamina propria with polymorphonuclear infiltration)
showed a gradual increase from 24 h to 48 h after
administration, while the liver and brain lesions showed
sustained levels (Table 1, Figure 1).
Only when these lesions became stronger, at the
48 h mark after celecoxib, were they aggravated
by L-NAME and attenuated by L-arginine. When
combined, the beneficial effect of L-arginine completely
overrode the damaging effect of L-NAME. BPC 157
presented a stronger beneficial effect. Illustratively,
given immediately after celecoxib, BPC 157 (in either
of the regimens) completely alleviated the lesions
induced by celecoxib, both at 24 h and 48 h. Likewise,
when given together with other agents, BPC 157
consistently demonstrated the same beneficial effect.

liver lesions. A stronger beneficial effect occurred
with BPC 157. BPC 157 alone completely alleviated
celecoxib-induced liver lesions, both at 24 h and 48
h. In combination with the other agents, BPC 157
consistently demonstrated the same beneficial effect
(Table 2, Figure 2).

Brain lesions

Brain edema was commonly absent, though celecoxibtreated rats presented with damaged (balloonized) red
neurons without any inflammation that were markedly
expressed particularly in the cerebral cortex and in the
Purkinje cells (Table 3, Figure 3). At 48 h, these lesions
were attenuated by L-arginine, but when combined
with L-NAME, the beneficial effect of L-arginine was
decreased to the control values. Treatment with L-NAME
by itself, however, did not affect the extent of the
celecoxib-brain lesions. Again, BPC 157 presented a
stronger beneficial effect; alone, it completely alleviated
celecoxib-induced brain lesions, both at 24 h and 48 h.
Likewise, given together with other agents, BPC 157
consistently demonstrated the same beneficial effect.

Liver lesions

Celecoxib induced marked steatosis, congestion and
necrosis at 24 h and at 48 h, along with increased
enzyme serum values. The lesions were markedly
attenuated by L-arginine at 24 h and at 48 h. Its
beneficial effect was preserved at 24 h but decreased
to control values at 48 h when combined with L-NAME,
though L-NAME by itself could not affect celecoxib-
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This study argues that the celecoxib-induced stomach,
liver and brain lesions resulting from extended COX-2
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Table 2 Liver lesions assessment after celecoxib, BPC 157, L-NAME, L-arginine
Medication (/kg intraperitoneally) Time after
immediately after celecoxib 1 g/kg celecoxib
intraperitoneally
Control, saline 5 ml
BPC 157 10 μg
BPC 157 10 ng
BPC 157 1 ng
L-NAME 5 mg
L-arginine 100 mg
L-NAME 5 mg + L-arginine 100 mg
L-NAME 5 mg + BPC 157 10 μg
L-NAME 5 mg + BPC 157 10 ng
L-arginine 100 mg + BPC 157 10 μg
L-arginine 100 mg + BPC 157 10 ng
L-NAME 5 mg + L-arginine 100 mg
+ BPC 157 10 μg
L-NAME 5 mg + L-arginine 100 mg
+ BPC 157 10 ng

24 h
48 h
24 h
48 h
24 h
48 h
24 h
48 h
24 h
48 h
24 h
48 h
24 h
48 h
24 h
48 h
24 h
48 h
24 h
48 h
24 h
48 h
24 h
48 h
24 h
48 h

Liver lesions assessment
Microscopic assessment, Score (0-3), Min/Med/Max
Serum enzymes values (IU/L), means ± SD
steatosis

congestion

necrosis

ALT

2/2/3
2/3/3
1/1/1a
1/1/1a
1/1/1a
1/1/2a
1/1/1a
1/1/2a
2/3/3
3/3/3
1/2/2a
1/2/2a
1/2/2a
2/2/2
1/1/1a
1/1/2a
1/1/1a
1/1/2a
1/1/1a
1/1/2a
1/1/1a
1/1/2a
1/1/2a
1/1/2a
1/1/2a
1/1/2a

2/2/3
2/2/3
1/1/2a
1/1/2a
1/1/2a
1/1/2a
1/1/2a
1/1/2a
2/2/3
2/3/3
1/2/2a
1/2/2a
1/2/2a
2/2/3
1/2/2a
1/2/2a
1/2/2a
1/2/2a
1/1/1a
1/1/1a
1/1/2a
1/1/2a
1/1/2a
1/1/2a
1/1/2a
1/1/2a

2/2/3
2/2/3
1/1/1a
1/1/1a
1/1/1a
1/1/1a
1/1/1a
1/1/1a
2/2/3
2/2/3
1/2/2a
1/2/2a
1/2/2a
2/2/2
1/1/1a
1/1/1a
1/1/1a
1/1/1a
1/1/1a
1/1/1a
1/1/1a
1/1/1a
1/1/1a
1/1/1a
1/1/1a
1/1/1a

352 ± 12
356 ± 18
138 ± 14a
63 ± 12a
154 ± 13a
72 ± 19a
170 ± 15a
80 ± 15a
375 ± 11
400 ± 12
315 ± 14a
300 ± 21a
293 ± 17a
270 ± 15a
170 ± 15a
150 ± 12a
210 ± 16a
182 ± 14a
165 ± 25a
160 ± 18a
190 ± 11a
170 ± 13a
167 ± 11a
176 ± 14a
202 ± 9a
190 ± 12a

AST
75 ± 8
84 ± 9
41 ± 11a
35 ± 12a
45 ± 8a
40 ± 7a
48 ± 10a
43 ± 8a
86 ± 12
80 ± 10
68 ± 14a
65 ± 10a
68 ± 9a
73 ± 11a
69 ± 9a
55 ± 13a
70 ± 7a
60 ± 8a
55 ± 8a
45 ± 8a
63 ± 10a
55 ± 9a
57 ± 10a
57 ± 8a
62 ± 7a
65 ± 8a

a

P < 0.05 vs control.

A

B

Figure 2 Presentation of celecoxib-induced liver lesions at 48 h. Controls presented with pronounced microvesicullar and macrovesicullar steatosis, dilated
sinusoids, and piecemeal necrosis (A); BPC 157 rats presenting with minimal microvesicullar steatosis and no necrosis (B). HE × 40.

from the similar therapy effects obtained with the
correspondingly high dose range of BPC 157 therapy,
which was similar to the dosing used in other studies as
[33,34]
well
.
This study argues that the celecoxib-induced stomach,
liver and brain lesions presenting after COX-2 inhibition
demonstrate a particular NO system dysfunction. These
effects could be all influenced by the NOS substrate
L-arginine, particularly by the stable pentadecapeptide
BPC 157, which is an agent known to counteract nonselective NSAID-induced ulcerogenesis as well as liver
and brain lesions and particularly interacts with the NO
[1,9]
system .

inhibition are a function of NO system dysfunction,
which is particularly worsened after a high-dose
application. Considering the advanced safety profile
[10]
of celecoxib , lower celecoxib regimens such as
200 mg/kg and 500 mg/kg given intraperitoneally
were without notable effect on gastric, liver or brain
lesions (thus, these results are not specifically shown).
These lesions could be all influenced by the NOS
substrate L-arginine and in particular by the stable
pentadecapeptide BPC 157, which is an agent known to
counteract non-selective NSAID-induced ulcerogenesis
as well as the liver and brain lesions that interact
[1,9]
with the NO system . The additional support comes
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Table 3 Brain lesions assessment after celecoxib, BPC 157, L-NAME, L-arginine
Medication (/kg intraperitoneally)
immediately after celecoxib 1 g/kg
intraperitoneally

Time after
celecoxib

Brain lesions assessment
Microscopic assessment, Score (0-4),
Microscopic assessment, Score (0-3),
Min/Med/Max
Min/Med/Max
Purkinje cells (red neurons) Cerebral cortex (red neurons)

Control, saline 5 ml
BPC 157 10 μg
BPC 157 10 ng
BPC 157 1 ng
L-NAME 5 mg
L-arginine 100 mg
L-NAME 5 mg + L-arginine 100 mg
L-NAME 5 mg + BPC 157 10 μg
L-NAME 5 mg + BPC 157 10 ng
L-arginine 100 mg+ BPC 157 10 μg
L-arginine 100 mg + BPC 157 10 ng
L-NAME 5 mg + L-arginine 100 mg +
BPC 157 10 μg
L-NAME 5 mg + L-arginine 100 mg +
BPC 157 10 ng

24 h
48 h
24 h
48 h
24 h
48 h
24 h
48 h
24 h
48 h
24 h
48 h
24 h
48 h
24 h
48 h
24 h
48 h
24 h
48 h
24 h
48 h
24 h
48 h
24 h
48 h

2/2/2
2/2/3
0/0/0a
0/1/1a
0/1/1a
0/1/1a
0/1/1a
0/1/1a
2/2/3
2/3/3
1/2/2
1/2/2a
2/2/2
2/2/2
1/1/1a
1/1/2a
1/1/1a
1/1/2a
0/1/1a
1/1/2a
0/1/1a
1/1/2a
1/1/2a
1/1/2a
1/1/2a
1/1/2a

2/2/2
2/2/3
0/1/1a
0/1/1a
0/1/1a
1/1/1a
0/1/1a
0/1/1a
2/2/3
2/3/3
1/2/2
1/2/2a
2/2/2
2/2/2
1/1/2a
1/1/2a
1/1/2a
1/1/2a
0/1/1a
0/1/1a
0/1/1a
1/1/1a
1/1/1a
1/1/1a
1/1/1a
1/2/1a

Edema
0/0/0
0/0/0
0/0/0
0/0/0
0/0/0
0/0/0
0/0/0
0/0/0
0/0/0
0/0/0
0/0/0
0/0/0
0/0/0
0/0/0
0/0/0
0/0/0
0/0/0
0/0/0
0/0/0
0/0/0
0/0/0
0/0/0
0/0/0
0/0/0
0/0/0
0/0/0

a

P < 0.05 vs control.

A

B

Figure 3 Presentation of celecoxib-induced cerebral cortex lesions at 48 h. Control celecoxib rats presented more damaged (balloonized) red neurons without
any inflammation markedly expressed in particular in the cerebral cortex (A), unlike BPC 157 + celecoxib rats (B). HE × 40.

In support of this argument, the evidence for non[5-8]
selective NSAIDs
shows that they cause more
gastrointestinal lesions, more liver toxicity, and more
toxicity in the brain due to the known COX-1/COX-2
[5-8]
relationship .
On the other hand, after celecoxib treatment, the
deleterious course that characterizes COX-2 inhibition
should be more complex. This course includes initial
stomach lesions and further progressing lesions that
deteriorate over time as well as extensive liver and
brain lesions that are already sustainably present
at the early 24 h period. Further, these lesions are

WJG|www.wjgnet.com

reciprocally potentiated by L-NAME and opposed by
L-arginine in a particular way.
In so doing and in substantiating the particularities
for the initial lesions in the stomach at 24 h, it is
likely that celecoxib provides COX-2 inhibition; at that
time, in the stomach, there is no effect of L-arginine
or L-NAME. However, the liver and brain lesions likely
appear due to COX-2 inhibition and NOS dysfunction,
the latter of which is counteracted by L-arginine.
Next, in addition to this opposing effect of L-arginine,
NOS blockade specifically contributes NOS dysfunction
to COX-2 inhibition as verified over the 24-48 h period.
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[1,5-8]

It is only in competition with the progressive stomach
lesions that the beneficial effect of L-arginine occurs.
Similarly, L-NAME aggravation occurs in stomach
lesions, while the liver and brain lesions cannot not be
worsened further. Therefore, maximal NOS dysfunction
with COX-2 inhibition is present in the brain more than
in the liver. Namely, unlike stomach lesions (where
L-arginine nullifies L-NAME aggravation) and liver
lesions, in brain lesions, L-arginine could not work to
counteract an L-NAME-induced NOS blockade.
Thus, there is threefold confirmation of the NO
relationship: L-NAME (NOS blockade) in stomach
lesions; L-arginine (NOS substrate) counteracts
stomach, liver, brain lesions; and L-arginine and L-NAME
could specifically affect each other’s response in the
stomach, liver and brain.
Finally, for all these lesions in the stomach, liver and
brain, celecoxib- and/or L-NAME-induced lesions were
completely inhibited by BPC 157 administration. As
mentioned, BPC 157, due to its counteraction of NSAID[1]
[1,9]
induced lesions and interaction with NO agents ,
is assumed to be more prone to counteracting both
COX-1/COX-2 and NOS inhibition than L-arginine as an
NOS substrate. In addition, this result is also true for
COX-2/NOS inhibition. Further, BPC 157 induces NO
release from the gastric mucosa supernatant, similarly
[35]
to L-arginine , but it also functions under conditions
[36]
where L-arginine does not work . This mechanism
assumes a persistent, beneficial effect versus increasing
dysfunction of the nitrergic pathway (for instance,
heavier loss of endothelium cells from the vascular wall
[37]
could lead to less NO production ability ), making
COX-2/NOS inhibition worse as the tissue integrity is
damaged further. Likely as a result of this relationship,
the same effectiveness is observed in all increasingly
damaged circumstances following celecoxib and
L-NAME application. This process specifically involves
all BPC 157 groups when administered with celecoxib
alone and/or with NO agents (L-arginine + BPC 157;
L-NAME + BPC 157; L-NAME + L-arginine + BPC 157)
in the stomach, liver and brain. BPC 157 may thereby
equally counteract both COX-2 inhibition (counteracting
the noxious effects of celecoxib on all lesions) and
additional NOS blockade (equally counteracting
[1,9]
the noxious effects of celecoxib + L-NAME) . This
outcome occurs equally with either µg- or ng dosing
regimens. In addition, BPC 157 affects eNOS gene
[38]
[38-42]
function as well as that of other genes
.
In the latter cases, in the healing process, BPC-157
regulates the phosphorylation level of extracellular
signal-regulated kinases 1 and 2 (ERK1/2) as well
as their downstream targets, including c-Fos, c-Jun,
and egr-1, key molecules involved in cell growth,
[38-42]
migration, and angiogenesis
.
In conclusion, the therapy and syndrome in rats
treated with celecoxib described herein (the gastro
intestinal tract, liver and brain lesions presented
rapidly in rats) overlaps with the definitive follow-up
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of previous non-selective NSAID studies
. With
respect to the administration of pentadecapeptide BPC
157, these results extend and generalize the observed
[5-8]
acute and long-term therapeutic effects . Then, over
longer periods, there is greater deterioration from
celecoxib, the COX-2-inhibitor, and the NO synthetase
(NOS)-blocker L-NAME when combined, along with
prominent rescue by the stable pentadecapeptide
BPC 157 and less prominent attenuation with the
NOS substrate L-arginine. These findings should likely
reveal an aggravating parallelism between COX-2 and
[43]
NOS inhibition , including the role of the NO system
[2,3]
in gastrointestinal
and liver damage and hepatic
[4]
encephalopathy as well as celecoxib syndrome in
particular NO system pathways.
Conclusively, L-arginine, but more so BPC 157,
may provide a particular therapy that may alleviate
likely gastrointestinal, liver and brain lesions and
redress NSAIDs’ post-surgery application and NO
system involvement. However, the particular point
remains that a single large overdose challenge differs
considerably from the lower regular patient regimens
throughout a markedly more prolonged treatment
duration.
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Abstract

Institutional animal care and use committee statement: the
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Pusan National University (Busan, Republic of Korea; Approval
No. PNU-2015-1036).

AIM
To investigate the effects of a water extract of Hwangry
unhaedok-tang (HHTE) on the pacemaker potentials of
mouse interstitial cells of Cajal (ICCs).
METHODS
We dissociated ICCs from small intestines and cultured.
ICCs were immunologically identified using an antic-kit antibody. We used the whole-cell patch-clamp
configuration to record the pacemaker potentials generated
by cultured ICCs under the current clamp mode (I = 0). All
experiments were performed at 30 ℃-32 ℃
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RESULTS
HHTE dose-dependently depolarized ICC pacemaker
potentials. Pretreatment with a 5-HT3 receptor anta

5313

August 7, 2017|Volume 23|Issue 29|

Kim HJ et al . Hwangryunhaedok-tang and ICCs
preparation that consists of Rhizoma Coptidis, Radix
[6]
Scutellariae, Cortex Phellodendri and Fructus Gardenia .
HHT has been used to treat various symptoms, including
[7,8]
[9]
inflammatory diseases , cardiovascular diseases ,
[10]
[11,12]
[13,14]
diabetes mellitus , liver diseases
, brain injury
[15]
and obesity . HHT is also used to prevent or ameliorate
[16-19]
gastrointestinal (GI) diseases
. HHT has been
shown to have a preventive effect on the development
of water immersion restraint (WIR) stress-induced
[16]
acute gastric lesions in rats
and it suppresses the
symptoms of inflammatory bowel disease by reducing
levels of interleukin-8 (IL-8), leukotriene B4 (LTB4) and
[17]
prostaglandin E2 (PGE2) . In addition, HHT has been
shown to prevent lethal indomethacin (IND)-induced
enteropathy by decreasing adenosine deaminase (ADA)
and, thus, increasing the adenosine levels in female
[18]
BALB/c mice .
Interstitial cells of Cajal (ICCs) contribute to normal
GI function, such as by generating electrical slow waves
[19-21]
and mediating neuromuscular signaling
. Damage to
ICCs or reductions in ICC numbers have been described
[22-24]
in many GI motility disorders
; therefore, it is
very important to understand the mechanisms of ICC
pacemaker activity. However, no scientific evidence of a
relationship between HHT and ICCs has been presented
until now. In the present study, we investigated the
effects of water extracts of HHT and its components on
the pacemaker potentials of cultured ICCs from murine
small intestine.

gonist (Y25130) or a 5-HT 4 receptor antagonist
(RS39604) blocked HHTE-induced pacemaker potential
depolarizations, whereas pretreatment with a 5-HT7
receptor antagonist (SB269970) did not. Intracellular
GDPβS inhibited HHTE-induced pacemaker potential
2+
depolarization and pretreatment with a Ca -free
solution or thapsigargin abolished the pacemaker
2+
potentials. In the presence of a Ca -free solution or
thapsigargin, HHTE did not depolarize ICC pacemaker
potentials. In addition, HHTE-induced pacemaker potential
depolarization was unaffected by a PKC inhibitor
(calphostin C) or a Rho kinase inhibitor (Y27632). Of
the four ingredients of HHT, Coptidis Rhizoma and
Gardeniae Fructus more effectively inhibited pacemaker
potential depolarization.
CONCLUSION
These results suggest that HHTE dose-dependently
depolarizes ICC pacemaker potentials through 5-HT3 and
2+
5-HT4 receptors via external and internal Ca regulation
and via G protein-, PKC- and Rho kinase-independent
pathways.
Key words: Hwangryunhaedok-tang; Interstitial cells
of Cajal; Pacemaker potentials; Gastrointestinal tract;
Motility
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hwangryunhaedok-tang, a traditional herbal
medicine, has been used to treat gastrointestinal
diseases. Our data suggest that HHT can depolarize
the pacemaker potentials of cultured interstitial cells of
Cajal from mouse small intestine and may be a novel
prokinetic agent.

MATERIALS AND METHODS
Preparation of HHT extract

HHT was purchased from I-WORLD Pharmaceuticals
(Incheon, South Korea). HHT (3.67 g) consists of
Coptidis Rhizoma (0.67 g), Scutellariae Radix (1.00 g),
Phellodendri Cortex (1.00 g) and Gardeniae Fructus
(1.00 g). The materials were authenticated by Prof.
Hyungwoo Kim (Division of Pharmacology, Pusan
National University, School of Korean Medicine,
Yangsan, Korea). HHT extract (HHTE) was prepared
by boiling HHT in water for three hours. The standard
adult dose of HHTE is 10-15 g (crude material) per
day. More information about HHTE can be found at the
I-WORLD Pharmaceuticals Homepage (http://i-pharm.
koreasme.com). HHTE was dissolved in distilled water
at a concentration of 0.5 g (crude drug)/mL and stored
in a refrigerator until required.

Kim HJ, Lee GS, Kim H, Kim BJ. Hwangryunhaedok-tang
induces the depolarization of pacemaker potentials through 5-HT3
and 5-HT4 receptors in cultured murine small intestine interstitial
cells of Cajal. World J Gastroenterol 2017; 23(29): 5313-5323
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i29/5313.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i29.5313

INTRODUCTION
Herbal medicines are becoming increasingly popular
in modern societies and substantial research has been
conducted to establish their pharmacological properties
[1]
according to scientific principles . Since ancient
times, people have used herbal medicines to treat and
prevent disease. Due to their natural origins, herbal
medicines have mild activities and few side effects; for
this reason, many people are becoming increasingly
[2-5]
interested in traditional herbal medicines .
Hwangryunhaedok-tang (HHT; Huang-Lian-JieTang in Chinese or Oren-gedoku-to in Japanese) is a

WJG|www.wjgnet.com

Reagents

Geniposide, berberine chloride, baicalin and wogonin
were purchased from Wako (Japan). High-performance
liquid chromatography (HPLC)-grade water and
methanol were obtained from JT Baker Inc. (Phillipsburg,
NJ, United States). Trifluoroacetic acid was purchased
from Sigma-Aldrich (St. Louis, MO, United States).

Preparation of standard solutions

Each standard compound (geniposide, berberine chloride,
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Figure 1 Effects of water extract of Hwangryunhaedok-tang on the pacemaker potentials of cultured interstitial cells of Cajal from murine small intestine.
A-D: HHTE (0-50 mg/mL) induced pacemaker potential depolarizations and decreased amplitudes in a concentration-dependent manner. Responses to HHTE are
summarized (E-G). Bars indicate the means ± SEMs. eP < 0.001: significantly different from the control. CTRL: Control; HHTE: Water extract of Hwangryunhaedoktang.

Ethics

baicaline and wogonin) was accurately weighed and
dissolved in methanol at a concentration of 1000 g/mL
and the solution was 10-fold diluted before injection.

We conducted the animal care and experiments in
accordance with the guidelines issued by the Institu
tional Animal Care and Use Committee (IACUC) at
Pusan National University (Busan, Republic of Korea;
Approval no. PNU-2015-1036) and those issued by the
National Institute of Health Guide for the Care and Use
of Laboratory Animals.

Chromatographic conditions

An Agilent 1200 (Agilent Technologies, Santa Clara,
CA, United States) equipped with a quaternary pump,
autosampler, column oven and diode-array detector was
used. Acquired data were processed using Chemstation
software (Ver. B. 03. 02). Chromatographic separation
was performed on an XDB C18 column (4.6 mm × 150
mm, 5 μm; Agilent, United States) at 35 ℃. The mobile
phase consisted of water with 0.1% trifluoroacetic
acid (A) and methanol (B). The following program was
used: 30% (B) for 1 min, 30%-80% (B) over 1 min-13
min and 80% (B) for 1 min, which was followed by a
re-equilibration to 30% (B). The flow rate was set at
0.8 mL/min and the injection volume was 10 μL. The
detection wavelengths were 240 nm for geniposide,
260 nm for berberine chloride and 275 nm for baicalin
and wogonin.

Preparation of ICC and ICC clusters

ICR mice (Samtako Bio Korea Co., Ltd., Osan, South
Korea; 3-7 day-old; weighing 1.9 g-2.2 g) of either
sex were used and kept under controlled conditions
(20 ℃ ± 3 ℃, RH 49% ± 6% and light on 7 a.m.-7
p.m.). The small intestines were removed and opened;
then, the luminal contents were cleaned using KrebsRinger bicarbonate solution and the obtained tissues
were pinned to the bases of Sylgard dishes. Mucosae
were removed and small tissue strips of intestine
2+
muscle were equilibrated for 25 min in Ca -free Hank’
s solution with the following solutions (in mmol/L): KCl
5.36, NaCl 125, NaOH 0.34, Na2HCO3 0.44, glucose
10, sucrose 2.9 and HEPES 11 (pH 7.4). Cells were
then dispersed in an enzyme solution [1.3 mg/ml
collagenase (Worthington Biochemical, Lakewood,
NJ, United States), 2.1 mg/ml bovine serum albumin
(Sigma-Aldrich, St. Louis, MO, United States), 2.6

Identification of standard compounds in HHTE

Standard compounds were detected in the chrom
atogram of HHTE at the following retention times: 5.2
min for geniposide, 9.1 min for berberine chloride, 10.1
min for baicalin and 14.7 min for wogonin (Figure 1).
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mg/ml trypsin inhibitor (Sigma-Aldrich, St. Louis, MO,
United States) and 0.50 mg/ml ATP (Sigma-Aldrich,
St. Louis, MO, United States)]. Cells were then cultured
at 37 ℃ in a 95% O2-5% CO2 incubator in smooth
muscle growth medium (SMGM) (Clonetics, San Diego,
CA, United States) supplemented with 2% antibiotics/
antimycotics (Gibco, Grand Island, NY, United States)
and 5 ng/ml of murine stem cell factor (SCF) (SigmaAldrich, St. Louis, MO, United States). All experiments
were performed on ICC cells that were cultured for <
12 h. ICCs were identified immunologically using an
anti-c-kit antibody (phycoerythrin (PE)-conjugated rat
anti-mouse c-kit monoclonal antibody) (eBioscience,
San Diego, CA, United States) at a dilution of 1:50
[25]
for 20 min . Because ICCs differed morphologically
from other cell types in culture, they were identified by
phase contrast microscopy after incubation with anti
c-kit antibody.

RESULTS
Functional components of HHTE

The presence of geniposide, berberine chloride, baicalin
and wogonin in HHTE was established by HPLC and
their levels were quantified using calibration curves
[26]
obtained with purchased standards . Validation of
the method confirmed its reliability and stability. The
contents of the four marker components of HHTE by
HPLC were 2.684% ± 0.014% in geniposide, 0.993%
± 0.006% in berberine chloride, 5.081% ± 0.027% in
baicalin and 0.040% ± 0.003% in wogonin.

Effects of HHTE on the pacemaker potentials of ICCs

Using the whole-cell patch clamp technique, we
investigated the characteristics of cell clusters. Cell
clusters formed network-like structures after culture
for < 12 h and were viable as demonstrated by the
generation of spontaneous rhythmic contractions.
ICCs were immunologically identified using an anti[25]
c-kit antibody . All experiments were performed at
30 ℃-32 ℃. Under the current clamp mode (I = 0),
ICCs generated pacemaker potentials (Figure 1A) with
a mean resting membrane potential of -58.3 ± 1.5
mV and a mean amplitude of 24.9 ± 1.1 mV. Initially,
we examined the effects of HHTE on the pacemaker
potentials of ICCs. HHTE (10-50 mg/ml) was found
to depolarize pacemaker potentials and decrease their
amplitudes in a concentration-dependent manner
(Figure 1B-D). In the presence of HHTE, the mean de
grees of depolarization were 0.1 ± 0.1 mV at 10 mg/
ml, 11.1 ± 0.9 mV at 20 mg/mL and 19.6 ± 1.1 mV at
30 mg/ml (Figure 1E, n = 17), the mean amplitudes
were 24.8 ± 1.0 mV at 10 mg/ml, 12.1 ± 0.3 mV at
20 mg/ml and 1.7 ± 0.6 mV at 30 mg/mL (Figure
1F, n = 17) and the mean frequencies were 17.5 ±
1.0 cycles/min at 10 mg/mL, 4.5 ± 1.3 cycles/min
at 20 mg/mL and 1.8 ± 0.9 cycles/min at 30 mg/
mL (Figure 1G, n = 17). The summarized values
showing the effects of HHTE on pacemaker potentials
are provided in Figure 1E, 1F and 1G. These results
show HHTE dose-dependently depolarizes the ICC
pacemaker potentials.

Patch-clamp experiments

The cells were transferred onto a solution chamber on
the stage of an inverted microscope (IX70, Olympus,
Japan). The whole-cell patch-clamp technique was
used to record the membrane potentials (current
[21,22]
clamp) of cultured ICCs as described previously
and an Axopatch 200B amplifier (Axon Instruments,
Foster City, CA, United States) was used to amplify
membrane potentials. The bath solution [Normal
Tyrode (NT)] contained 135 mmol/L NaCl, 5 mmol/L
KCl, 2 mmol/L CaCl2, 1 mmol/L MgCl2, 10 mmol/L
glucose and 10 mmol/L HEPES, with a pH adjusted to
7.4 using NaOH. The internal solution contained 145
mmol/L Cs-glutamate, 8 mmol/L NaCl, 10 mmol/L BAPTA
and 10 mmol/L HEPES-CsOH, with a pH adjusted to 7.2
with CsOH. All experiments were performed at 30-32 ℃.

Drugs

Y25130, RS39604 and SB269970 were purchased from
Tocris Bioscience (Bristol, United Kingdom) and all
other drugs were obtained from Sigma-Aldrich (St.
Louis, MO, United States). For stock solutions, all drugs
were dissolved in distilled water or dimethylsulfoxide
(DMSO) and stored at -20 ℃. The final concentration
of DMSO in the bath solution was always < 0.1%.
Furthermore, the addition of these chemicals did not
alter the bath solution pH.

HHTE mechanisms of action on ICCs

To identify the connection between HHTE and its
receptors in cultured ICCs, we studied the correlation
of 5-HT receptors because these receptors are involved
in GI tract motility, which is strongly associated with
[27]
prokinetic activity . In previous studies, 5-HT has
been shown to interact with seven 5-HT receptor
subtypes in the GI tract and only murine small
intestine ICCs express three of these receptors (5-HT3,
[28,29]
4 and 7)
. To confirm the 5-HT receptor subtypes
involved in the effects of HHTE, we used the various
5-HT receptor antagonists and then treated samples
with HHTE. A 5-HT3 receptor antagonist (Y25130),
a 5-HT4 receptor antagonist (RS39604), or a 5-HT7

Statistical analysis

The results are expressed as the means ± SEMs.
N values refer to the numbers of cells used in the
experiments. For multiple comparison analysis, we
used one-way ANOVA with Bonferroni’s post hoc
comparison. For statistical analyses, we used Prism
6.0 (GraphPad Software Inc., La Jolla, CA, United
States) and Origin version 8.0 (OriginLab Corporation,
Northampton, MA, United States). P values < 0.05
were considered statistically significant.
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Figure 2 Effects of 5-HT receptor antagonists on water extract of Hwangryunhaedok-tang-induced pacemaker potential depolarizations in the cultured
interstitial cells of Cajal of murine small intestine. A: Y25130 (a 5-HT3 receptor antagonist) inhibited HHTE-induced responses. B: A 5-HT4 receptor antagonist,
RS39604, blocked HHTE-induced responses. C: A 5-HT7 receptor antagonist, SB269970, did not block HHTE-induced responses. D and E responses to 5-HT
receptor antagonists are summarized. Bars indicate the means ± SEMs. aP < 0.05 and eP < 0.001: Significantly different from nontreated controls. CTRL: Control;
HHTE: Water extract of Hwangryunhaedok-tang.
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induced pacemaker potential depolarization in the
presence of SB269970 was 19.4 ± 1.8 mV (n = 5;
Figure 2C-E). These results indicate that HHTE affects
ICCs in the murine small intestine through the 5-HT3
and 5-HT4 receptors.
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Connection of G protein in HHTE-induced pacemaker
potential depolarization in ICCs

20
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To determine whether G proteins are involved in
HHTE-induced pacemaker potential depolarization,
we used GDP-β-S (a non-hydrolysable guanosine
5’ diphosphate analogue), which inhibits G-protein
[30,31]
activation
. HHTE (50 mg/mL) induced pacemaker
potential depolarization in ICCs (Figure 1D); however,
when GDP-β-S (1 mmol/L) was applied in the pipette
solution, HHTE (50 mg/ml) only caused slight pace
maker potential depolarization (5.2 ± 0.3 mV, n = 5;
Figure 3A and B). These results indicate that G protein
is involved in HHTE-induced ICC pacemaker potential
depolarization.

10
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(GDP-β-S 1
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Figure 3 Effects of GDP-β-S on water extract of Hwangryunhaedok-tanginduced pacemaker potential depolarizations in cultured interstitial cells
of Cajal. A: When GDP-β-S (1 mmol/L) was applied in the pipette, HHTE did
not depolarize the pacemaker potential. B and C: HHTE-induced responses
are summarized. Bars indicate the means ± SEMs. eP < 0.001: Significantly
different from nontreated controls. CTRL: Control; HHTE: Water extract of
Hwangryunhaedok-tang.

Effects of external and internal Ca2+ on HHTE-induced
pacemaker potential depolarization in ICCs
2+

receptor antagonist (SB269970) was used to pretreat
the samples at 10 μmol/L for 5 min; then, HHTE was
added. In the case of pretreatment with Y25130,
HHTE-induced pacemaker potential depolarization was
blocked (Figure 2A) and HHTE-induced pacemaker
potential depolarization in the presence of Y25130
was 0.8 ± 0.5 mV (n = 5; Figure 2D and E). RS39604
also blocked HHTE-induced pacemaker potential
depolarization. HHTE-induced pacemaker potential
depolarization in the presence of RS39604 was 0.5
± 0.6 mV (n = 5; Figure 2B, D and E). However,
pretreatment with SB269970 did not block the HHTEinduced pacemaker potential depolarization. HHTE-
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Regulation of external and internal Ca has an important
role in mediating GI smooth muscle contraction and
[32]
the generation of pacemaker potentials in ICCs .
2+
To identify the roles of Ca , HHTE was applied in
2+
external Ca -free conditions or in the presence of an
2+
inhibitor of Ca -ATPase in the endoplasmic reticulum
2+
(thapsigargin). In the external Ca -free conditions,
pacemaker potentials were abolished; under this
condition, HHTE did not induce pacemaker potential
depolarization (n = 6; Figure 4A and C). In addition,
pretreatment with thapsigargin abolished pacemaker
potentials and under this condition, HHTE also did
not induce pacemaker potential depolarization (n =
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Figure 4 Effects of external and internal Ca2+ on water extract of Hwangryunhaedok-tang-induced pacemaker potential depolarization in cultured
interstitial cells of Cajal from murine small intestine. A: In external Ca2+-free conditions, the pacemaker potentials were abolished and HHTE had no effect.
B: Thapsigargin abolished the pacemaker potentials and HHTE had no effects; C-E: HHTE-induced pacemaker potential depolarizations are summarized. Bars
represent the means ± SEMs. eP < 0.001: Significantly different from untreated controls. CTRL: Control; HHTE: Water extract of Hwangryunhaedok-tang.
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To determine whether HHTE-induced pacemaker
potential depolarization is associated with protein
kinase C (PKC) or Rho kinase, we pretreated ICCs with
a PKC inhibitor (calphostin C, 10 μmol/L, Figure 5A)
or a Rho kinase inhibitor (Y27631, 1 μmol/L, Figure
5B) for 5 min. HHTE-induced pacemaker potential
depolarizations were not inhibited by calphostin C or
Y27632 (Figure 5C). We confirmed that treatment
with these inhibitors alone did not affect pacemaker
potential depolarization. These results suggest that
HHTE-induced pacemaker potential depolarization is
not mediated by PKC or Rho kinase in the cultured
ICCs of murine small intestine.
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Effects of Coptidis Rhizoma, Scutellariae Radix,
Phellodendri Cortex and Gardeniae Fructus extracts in
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Figure 5 Effects of protein kinase C inhibitor and Rho kinase inhibitor
on water extract of Hwangryunhaedok-tang-induced pacemaker potential
depolarizations in cultured interstitial cells of Cajal from murine small
intestine. Both (A) calphostin C (a PKC inhibitor) and (B) Y27631 (a Rho
kinase inhibitor) had no effects on the pacemaker potentials; under these
conditions, HHTE induced pacemaker potential depolarizations. C and D
responses to HHTE in the presence of calphostin C or Y27631 are summarized.
Bars represent the means ± SEMs. eP < 0.001: significantly different from the
nontreated control. CTRL: Control; HHTE: Water extract of Hwangryunhaedoktang; PKC: Protein kinase C.

We investigated the effects of the four components of
HHT, Coptidis Rhizoma, Scutellariae Radix, Phellodendri
[6]
Cortex and Gardeniae Fructus , in cultured ICCs
from murine small intestine. All four components
depolarized the pacemaker potentials and decreased
the amplitudes of the pacemaker potentials (Figures
6 and 7) in a concentration-dependent manner. At
a concentration of 30 μg/mL, Coptidis Rhizoma had
a mean degree of depolarization of 13.1 ± 2.2 mV
(Figure 6A, n = 7), Scutellariae Radix had a mean

5; Figure 4B and D). These results show that HHTEinduced pacemaker potential depolarization depends
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Figure 6 Effects of Coptidis Rhizoma and Scutellariae Radix on pacemaker potentials in cultured interstitial cells of Cajal from murine small intestine. A:
Pacemaking activities of ICCs exposed to Coptidis Rhizoma (30 μg/mL) in current-clamp mode (I = 0); B: Coptidis Rhizoma (10-50 μg/mL) concentration-dependently
induced pacemaker potential depolarization. Responses to Coptidis Rhizoma are summarized; C: Pacemaking activities of ICCs exposed to Scutellariae
Radix (30 μg/mL) in the current-clamp mode (I = 0); D: Scutellariae Radix (10-100 μg/mL) concentration-dependently induced pacemaker potential depolarization.
Responses to Scutellariae Radix are summarized; E: Frequency changes to Coptidis Rhizoma and Scutellariae Radix are summarized. Bars represent the means ±
SEMs. bP < 0.01 and eP < 0.001: Significantly different from the control. CTRL: Control; CR: Coptidis Rhizoma; SR: Scutellariae Radix; ICCs: Interstitial cells of Cajal.

degree of depolarization of 0.6 ± 0.4 mV (Figure
6C, n = 7), Phellodendri Cortex had a mean degree
of depolarization of 0.7 ± 0.6 mV (Figure 7A, n =
6) and Gardeniae Fructus had a mean degree of
depolarization of 9.7 ± 1.5 mV (Figure 7C, n = 7). The
summarized values and bar graph showing the effects
of these components on pacemaker potentials are
provided in Figures 6B, 6D, 6E, 7B, 7D and 7E. These
results suggest that Coptidis Rhizoma and Gardeniae
Fructus are the main components responsible for
HHTE-induced pacemaker potential depolarizations in
the cultured ICCs of murine small intestine.

important. In the present study, we show that HHTE
depolarized ICC pacemaker potentials through 5-HT3
2+
and 5-HT4 receptors via external and internal Ca
regulation and via G protein-, PKC- and Rho kinaseindependent pathways. Additionally, we tested the
effects of HHTE on GI motility in mice in vivo and
[26]
found that HHTE increased the GI motility in mice .
HHT has long been used as an herbal medicine to
[16-18]
[16]
treat GI disorders in Asia
. Ohta et al
suggested
that oral HHT prevents stress-induced acute gastric
[17]
lesions in rats. Additionally, Zhou and Mineshita
reported that HHT showed anti-inflammatory and
anti-ulcerative effects on trinitrobenzene-sulfonic
acid (TNB)-induced colitis in rats. In that study, HHT
was found to inhibit myeloperoxidase activity and to
significantly decrease the IL-8, PGE2 and LTB4 levels.
Therefore, the authors suggested that HHT may be
useful for treating inflammatory bowel disease. In
[18]
addition, Watanabe-Fukuda et al
observed that
HHT prevented lethal indomethacin (IND)-induced
enteropathy by downregulating adenosine deaminase
(ADA) and thus upregulating adenosine (an antiinflammatory nucleoside) levels. Furthermore, these
authors reported that berberine, which is a major
ingredient of HHT, suppressed ADA expression and
reduced the incidence of lethality.
In the present study, we found that 5-HT3 or 5-HT4

DISCUSSION
ICCs are located within and around smooth muscle
layers of the GI tract and they control GI motility by
[20-22,33,34]
acting as pacemaker cells
. The pacemaker
functions of these cells result from the electrical
slow waves generated and propagated in smooth
[20,35]
muscles
. Additionally, ICCs are connected to both
nerve and smooth muscle cells and they are involved
[32,34,36]
in mechanosensation and neurotransmission
.
Many GI motility disorders, such as achalasia and
inflammatory bowel disease, have been associated
[37]
with ICC dysfunctions . Therefore, understanding
the mechanisms of ICC and pacemaker activity is very
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Figure 7 Effects of Phellodendri Cortex and Gardeniae Fructus on pacemaker potentials in cultured interstitial cells of Cajal from murine small intestine.
A: Pacemaking activities of ICCs exposed to Phellodendri Cortex (30 μg/mL) in the current-clamp mode (I = 0); B: Phellodendri Cortex (10-100 μg/mL) concentrationdependently induced pacemaker potential depolarization. Responses to Phellodendri Cortex are summarized; C: Pacemaking activities of ICCs exposed to Gardeniae
Fructus (30 μg/mL) in the current-clamp mode (I = 0); D: Gardeniae Fructus (10-100 μg/mL) concentration-dependently induced pacemaker potential depolarizations.
Responses to Gardeniae Fructus are summarized; E: Frequency changes to Phellodendri Cortex and Gardeniae Fructus are summarized. Bars represent the means
± SEMs. aP < 0.05 and eP < 0.001: Significantly different from the control. CTRL: Control; PC: Phellodendri Cortex. GF: Gardeniae Fructus.
2+

receptors, via external and internal Ca regulation and
via G protein, were involved in HHTE-induced responses
in ICCs. Of the seven 5-HT receptor subtypes, the 5-HT3
and 5-HT4 receptors are the most highly expressed
and best understood 5-HT receptor subtypes in the
[38,39]
GI tract
. 5-HT3 receptors are ligand-gated cation
channels that can initiate peristalsis and secretion
[38]
in the GI tract . Additionally, 5-HT4 receptors are
G-protein-coupled metabotropic receptors and their
[39]
activation regulates GI motility . Furthermore, these
2+
receptors are coupled to G proteins, which have Ca /
[40,41]
calmodulin-dependent activation
. Additionally, in
the present study, HHT-induced pacemaker potential
depolarizations via 5-HT3 and 5-HT4 receptors were
not inhibited by the Rho kinase inhibitor, Y27632, or
the PKC inhibitor, calphostin (Figure 5). These results
suggest that HHT-induced pacemaker potential depo
larizations are independent of PKC and Rho kinase
activation.
5-HT has played a major role in gut function
[42]
regulation . Among 5-HT receptors, 5-HT3 and 5-HT4
receptors have been the most widely investigated for
[27]
gut motility . 5-HT3 receptors are mainly targeted
[27,43,44]
to treat diarrhea and abdominal pain
and 5-HT4
[44,45]
receptors are targeted to treat constipation
.
Although each agonist and antagonist has been
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used effectively, pharmacological agents of 5-HT
receptors have problems in their clinical use because
of deleterious side effects. In the present study, HHTE
affects ICC pacemaker potentials through 5-HT3 and
5-HT4 receptors; therefore, HHTE may be used to treat
diarrhea, abdominal pain and constipation, among
other symptoms. Of note, future studies will have to be
designed to determine the side effects of HHT.
The 5-HT3 receptor channels are the only ionotropic
[46-48]
receptors within the 5-HT receptor family
. 5-HT3
receptors are involved in many pathophysiological
processes, such as GI motility disorders and the
[48-50]
development of nausea and vomiting
. Therefore,
5-HT3 receptors play an important role in GI motility
functions. In this paper, we found that HHTE may
activate 5-HT3 and 5-HT4 receptors; among them, 5-HT4
receptors may have the main role in regulating the ICC,
whereas 5-HT3 receptors may have a supportive role.
Additionally, when GDP-β-S (1 mmol/L) was applied in
the pipette solution, we found that HHTE caused slight
pacemaker potential depolarization (Figure 3), which
might be due to the 5-HT3 receptor signaling pathway.
GI disorders are observed in Western and Eastern
[51]
countries . Because GI disorders are not lethal,
the medications used to treat these disorders have
a higher safety threshold than those for medications
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waves in the gastrointestinal (GI) tract. Hwangryunhaedok-tang (HHT)
(consisting of Coptidis Rhizoma, Scutellariae Radix, Phellodendri Cortex and
Gardeniae Fructus) is a traditional herbal medicine used to treat GI disorders.
However, despite the considerable use of HHT in traditional herbal medicine
to treat GI dysfunction, little is known of the effects of a water extract of HHT
(HHTE) on the pacemaker potentials of mouse small intestinal ICCs.

used to treat non-GI diseases. However, recent studies
have highlighted the substantial health impacts of
[52]
GI disorders . Furthermore, several GI treatments
have significant adverse effects, which has led to
the withdrawal of cisapride and tegaserod from the
[53,54]
market
. Of note, herbal products are often used
[55,56]
to treat GI disorders like irritable bowel syndrome
and herbal medications have a desirable role in the
treatment of GI disorders.
HHT consists of Coptidis Rhizoma, Scutellariae
[6]
Radix, Phellodendri Cortex and Gardeniae Fructus .
We investigated the effects of these four constituents
on the pacemaker potentials of ICCs to identify the
components that are primarily responsible for the
effect of HHT on ICC pacemaker potentials. All four
components depolarized pacemaker potentials and
decreased the amplitudes of pacemaker potentials in
a concentration-dependent manner (Figures 6 and 7).
However, Coptidis Rhizoma and Gardeniae Fructus
were observed to have greater depolarizing effects.
We will perform future experiments to determine the
detailed effects of the HHT active elements (Coptidis
Rhizoma and Gardeniae Fructus) and identified
compounds (geniposide, berberine chloride, baicalin
and wogonin) on ICC pacemaking potential.
ICCs are pacemaker cells that appear to play
important roles in the determination and regulation
[19,20]
of GI motility
. HHTE depolarized the pacemaker
2+
potentials of ICCs in a G protein- and Ca -dependent
manner. Based on the findings described in this study,
we propose the following model of the effects of HHTE
in ICCs. HHTE binds 5-HT3 and 5-HT4 receptors and
HHTE-induced pacemaker potential depolarizations are
2+
G protein- and Ca -dependent in ICCs. An increase in
2+
intracellular Ca induces membrane depolarizations
[57,58]
on ICCs
. In addition, these pacemaker potential
depolarizations might be regulated by transient
2+
receptor potential melastatin 7 (TRPM7) and Ca [20,59]
activated Cl (ANO1) channels
.
In the present study, HHTE was found to regulate
ICC pacemaker potential depolarization in a G protein2+
and Ca -dependent manner. Accordingly, HHT may
play an excitatory role in GI motility regulation.
Additionally, because GI motility regulations are highly
integrated behaviors between smooth muscle cells,
ICCs and enteric nervous systems, further studies are
needed to investigate the effects of HHT on other cells
in vitro and in vivo.
In summary, our findings suggest that HHT can
depolarize the pacemaker potentials of cultured ICCs
from mouse small intestine. Future research should
attempt to identify the components responsible for the
effects of HHT and to determine their mechanisms of
action in vitro and in vivo.

Research frontiers

The prokinetic effects of HHTE are mediated by the induction of pacemaker
potentials in ICCs.

Innovations and breakthroughs

HHTE dose-dependently depolarizes ICC pacemaker potentials through the
5-HT3 and 5-HT4 receptors via external and internal Ca2+ regulation as well as
via G protein-, PKC- and Rho kinase-independent pathways.

Applications
HHT may be a new target for pharmacological treatment of GI motility disorders.

Peer-review

The authors investigated the effects of HHT (a traditional herbal medicine) on
the pacemaker potentials of mouse ICCs, the results of study suggest that HHT
dose-dependently depolarizes ICC pacemaker potentials through 5-HT3 and
5-HT4 receptors via external and internal Ca2+ regulation and via G protein- and
MLCK-dependent pathways. These data are somewhat interesting.

REFERENCES
1
2
3
4
5
6

7

8

9

10

COMMENTS
COMMENTS

11

Background

Interstitial cells of Cajal (ICCs) are the pacemaker cells that generate slow

WJG|www.wjgnet.com

5321

Zhang J, Wider B, Shang H, Li X, Ernst E. Quality of herbal
medicines: challenges and solutions. Complement Ther Med 2012;
20: 100-106 [PMID: 22305255 DOI: 10.1016/j.ctim.2011.09.004]
Normile D. Asian medicine. The new face of traditional Chinese
medicine. Science 2003; 299: 188-190 [PMID: 12522228 DOI:
10.1126/science.299.5604.188]
Xue T, Roy R. Studying traditional Chinese medicine. Science
2003; 300: 740-741 [PMID: 12730581 DOI: 10.1126/science.
300.5620.740]
Jiang WY. Therapeutic wisdom in traditional Chinese medicine: a
perspective from modern science. Trends Pharmacol Sci 2005; 26:
558-563 [PMID: 16185775 DOI: 10.1016/j.tips.2005.09.006]
Liu S, Yi LZ, Liang YZ. Traditional Chinese medicine and
separation science. J Sep Sci 2008; 31: 2113-2137 [PMID:
18615809 DOI: 10.1002/jssc.200800134]
Lu T, Song J, Huang F, Deng Y, Xie L, Wang G, Liu X. Comparative
pharmacokinetics of baicalin after oral administration of pure
baicalin, Radix scutellariae extract and Huang-Lian-Jie-Du-Tang
to rats. J Ethnopharmacol 2007; 110: 412-418 [PMID: 17110066
DOI: 10.1016/j.jep.2006.09.036]
Lu J, Wang JS, Kong LY. Anti-inflammatory effects of Huang-LianJie-Du decoction, its two fractions and four typical compounds.
J Ethnopharmacol 2011; 134: 911-918 [PMID: 21296144 DOI:
10.1016/j.jep.2011.01.049]
Yue R, Zhao L, Hu Y, Jiang P, Wang S, Xiang L, Liu W, Zhang
W, Liu R. Rapid-resolution liquid chromatography TOF-MS for
urine metabolomic analysis of collagen-induced arthritis in rats and
its applications. J Ethnopharmacol 2013; 145: 465-475 [PMID:
23183090 DOI: 10.1016/j.jep.2012.11.010]
Seo CS, Kim OS, Kim JH, Shin HK. Simultaneous quantification
and antiatherosclerosis effect of the traditional Korean medicine,
Hwangryunhaedok-tang. BMC Complement Altern Med 2015; 15:
108 [PMID: 25880755 DOI: 10.1186/s12906-015-0632-5]
Yu YL, Lu SS, Yu S, Liu YC, Wang P, Xie L, Wang GJ, Liu XD.
Huang-lian-jie-du-decoction modulates glucagon-like peptide-1
secretion in diabetic rats. J Ethnopharmacol 2009; 124: 444-449
[PMID: 19497359 DOI: 10.1016/j.jep.2009.05.027]
Ohta Y, Kongo-Nishimura M, Hayashi T, Kishikawa T. Effect of
Oren-gedoku-to (Huanglian-Jie-Du-Tang) extract on disruption
of hepatic antioxidant defense systems in rats treated with

August 7, 2017|Volume 23|Issue 29|

Kim HJ et al . Hwangryunhaedok-tang and ICCs

12

13

14

15

16

17
18

19

20

21

22

23

24

25

26

D-galactosamine. J Ethnopharmacol 2004; 94: 323-329 [PMID:
15325738 DOI: 10.1016/j.jep.2004.06.004]
Hsu YL, Kuo PL, Tzeng TF, Sung SC, Yen MH, Lin LT, Lin CC.
Huang-lian-jie-du-tang, a traditional Chinese medicine prescription,
induces cell-cycle arrest and apoptosis in human liver cancer cells
in vitro and in vivo. J Gastroenterol Hepatol 2008; 23: e290-e299
[PMID: 18522681 DOI: 10.1111/j.1440-1746.2008.05390.x]
Hwang YS, Shin CY, Huh Y, Ryu JH. Hwangryun-Hae-Doktang (Huanglian-Jie-Du-Tang) extract and its constituents reduce
ischemia-reperfusion brain injury and neutrophil infiltration in rats.
Life Sci 2002; 71: 2105-2117 [PMID: 12204769]
Zhang Q, Ye YL, Yan YX, Zhang WP, Chu LS, Wei EQ, Yu YP.
[Protective effects of Huanglian-Jiedu-Tang on chronic brain injury
after focal cerebral ischemia in mice]. Zhejiang Da Xue Xue Bao Yi
Xue Ban 2009; 38: 75-80 [PMID: 19253432]
Yamakawa J, Ishigaki Y, Takano F, Takahashi T, Yoshida J,
Moriya J, Takata T, Tatsuno T, Sasaki K, Ohta T, Takegami T,
Yoshizaki F. The Kampo medicines Orengedokuto, Bofutsushosan
and Boiogito have different activities to regulate gene expressions
in differentiated rat white adipocytes: comprehensive analysis of
genetic profiles. Biol Pharm Bull 2008; 31: 2083-2089 [PMID:
18981578]
Ohta Y, Kobayashi T, Nishida K, Sasaki E, Ishiguro I. Preventive
effect of Oren-gedoku-to (Huanglian-Jie-Du-Tang) extract on the
development of stress-induced acute gastric mucosal lesions in
rats. J Ethnopharmacol 1999; 67: 377-384 [PMID: 10617076]
Zhou H, Mineshita S. The effect of Oren-gedoku-to on ex
perimental colitis in rats. J Pharm Pharmacol 1999; 51: 1065-1074
[PMID: 10528991]
Watanabe-Fukuda Y, Yamamoto M, Miura N, Fukutake M,
Ishige A, Yamaguchi R, Nagasaki M, Saito A, Imoto S, Miyano
S, Takeda J, Watanabe K. Orengedokuto and berberine improve
indomethacin-induced small intestinal injury via adenosine. J
Gastroenterol 2009; 44: 380-389 [PMID: 19319464 DOI: 10.1007/
s00535-009-0005-2]
Huizinga JD, Thuneberg L, Klüppel M, Malysz J, Mikkelsen
HB, Bernstein A. W/kit gene required for interstitial cells of Cajal
and for intestinal pacemaker activity. Nature 1995; 373: 347-349
[PMID: 7530333 DOI: 10.1038/373347a0]
Kim BJ, Lim HH, Yang DK, Jun JY, Chang IY, Park CS, So
I, Stanfield PR, Kim KW. Melastatin-type transient receptor
potential channel 7 is required for intestinal pacemaking activity.
Gastroenterology 2005; 129: 1504-1517 [PMID: 16285951 DOI:
10.1053/j.gastro.2005.08.016]
Kim HJ, Wie J, So I, Jung MH, Ha KT, Kim BJ. Menthol
Modulates Pacemaker Potentials through TRPA1 Channels in
Cultured Interstitial Cells of Cajal from Murine Small Intestine.
Cell Physiol Biochem 2016; 38: 1869-1882 [PMID: 27160463
DOI: 10.1159/000445549]
He CL, Burgart L, Wang L, Pemberton J, Young-Fadok T,
Szurszewski J, Farrugia G. Decreased interstitial cell of cajal
volume in patients with slow-transit constipation. Gastroenterology
2000; 118: 14-21 [PMID: 10611149]
He CL, Soffer EE, Ferris CD, Walsh RM, Szurszewski JH,
Farrugia G. Loss of interstitial cells of cajal and inhibitory inner
vation in insulin-dependent diabetes. Gastroenterology 2001; 121:
427-434 [PMID: 11487552]
Zárate N, Mearin F, Wang XY, Hewlett B, Huizinga JD,
Malagelada JR. Severe idiopathic gastroparesis due to neuronal
and interstitial cells of Cajal degeneration: pathological findings
and management. Gut 2003; 52: 966-970 [PMID: 12801952]
Gim H, Nam JH, Lee S, Shim JH, Kim HJ, Ha KT, Kim BJ.
Quercetin Inhibits Pacemaker Potentials via Nitric Oxide/cGMPDependent Activation and TRPM7/ANO1 Channels in Cultured
Interstitial Cells of Cajal from Mouse Small Intestine. Cell
Physiol Biochem 2015; 35: 2422-2436 [PMID: 25967872 DOI:
10.1159/000374043]
Kim H, Kim I, Lee MC, Kim HJ, Lee GS, Kim H, Kim BJ. Effects
of Hwangryunhaedok-tang on gastrointestinal motility function
in mice. World J Gastroenterol 2017; 23: 2705-2715 [PMID:

WJG|www.wjgnet.com

27

28

29

30

31

32

33
34
35

36
37

38

39

40

41

42
43

5322

28487607 DOI: 10.3748/wjg.v23.i15.2705]
Gershon MD, Tack J. The serotonin signaling system: from basic
understanding to drug development for functional GI disorders.
Gastroenterology 2007; 132: 397-414 [PMID: 17241888 DOI:
10.1053/j.gastro.2006.11.002]
Liu HN, Ohya S, Nishizawa Y, Sawamura K, Iino S, Syed MM,
Goto K, Imaizumi Y, Nakayama S. Serotonin augments gut
pacemaker activity via 5-HT3 receptors. PLoS One 2011; 6:
e24928 [PMID: 21949791 DOI: 10.1371/journal.pone.0024928]
Shahi PK, Choi S, Zuo DC, Yeum CH, Yoon PJ, Lee J, Kim YD,
Park CG, Kim MY, Shin HR, Oh HJ, Jun JY. 5-hydroxytryptamine
generates tonic inward currents on pacemaker activity of interstitial
cells of cajal from mouse small intestine. Korean J Physiol
Pharmacol 2011; 15: 129-135 [PMID: 21860590 DOI: 10.4196/
kjpp.2011.15.3.129]
Komori S, Kawai M, Takewaki T, Ohashi H. GTP-binding protein
involvement in membrane currents evoked by carbachol and
histamine in guinea-pig ileal muscle. J Physiol 1992; 450: 105-126
[PMID: 1432705]
Ogata R, Inoue Y, Nakano H, Ito Y, Kitamura K. Oestradiolinduced relaxation of rabbit basilar artery by inhibition of voltagedependent Ca channels through GTP-binding protein. Br J
Pharmacol 1996; 117: 351-359 [PMID: 8789390]
Lee JH, Kim SY, Kwon YK, Kim BJ, So I. Characteristics of the
cholecystokinin-induced depolarization of pacemaking activity
in cultured interstitial cells of Cajal from murine small intestine.
Cell Physiol Biochem 2013; 31: 542-554 [PMID: 23571358 DOI:
10.1159/000350075]
Torihashi S, Horisawa M, Watanabe Y. c-Kit immunoreactive
interstitial cells in the human gastrointestinal tract. J Auton Nerv
Syst 1999; 75: 38-50 [PMID: 9935268]
Rumessen JJ, Vanderwinden JM. Interstitial cells in the
musculature of the gastrointestinal tract: Cajal and beyond. Int Rev
Cytol 2003; 229: 115-208 [PMID: 14669956]
Sanders KM, Koh SD, Ro S, Ward SM. Regulation of gastro
intestinal motility--insights from smooth muscle biology. Nat Rev
Gastroenterol Hepatol 2012; 9: 633-645 [PMID: 22965426 DOI:
10.1038/nrgastro.2012.168]
Sanders KM, Ward SM. Kit mutants and gastrointestinal physiology.
J Physiol 2007; 578: 33-42 [PMID: 17095561 DOI: 10.1113/
jphysiol.2006.122473]
Vanderwinden JM, Rumessen JJ. Interstitial cells of Cajal in
human gut and gastrointestinal disease. Microsc Res Tech 1999;
47: 344-360 [PMID: 10602294 DOI: 10.1002/(SICI)1097-0029(19
991201)47:5<344::AID-JEMT6>3.0.CO;2-1]
Taniyama K, Makimoto N, Furuichi A, Sakurai-Yamashita Y,
Nagase Y, Kaibara M, Kanematsu T. Functions of peripheral
5-hydroxytryptamine receptors, especially 5-hydroxytryptamine4
receptor, in gastrointestinal motility. J Gastroenterol 2000; 35:
575-582 [PMID: 10955595]
Wouters MM, Farrugia G, Schemann M. 5-HT receptors on
interstitial cells of Cajal, smooth muscle and enteric nerves. Neuro
gastroenterol Motil 2007; 19 Suppl 2: 5-12 [PMID: 17620082 DOI:
10.1111/j.1365-2982.2007.00963.x]
Murthy KS, Makhlouf GM. Opioid mu, delta, and kappa receptorinduced activation of phospholipase C-beta 3 and inhibition of
adenylyl cyclase is mediated by Gi2 and G(o) in smooth muscle.
Mol Pharmacol 1996; 50: 870-877 [PMID: 8863832]
Murthy KS, Zhou H, Grider JR, Brautigan DL, Eto M, Makhlouf
GM. Differential signalling by muscarinic receptors in smooth
muscle: m2-mediated inactivation of myosin light chain kinase via
Gi3, Cdc42/Rac1 and p21-activated kinase 1 pathway, and m3mediated MLC20 (20 kDa regulatory light chain of myosin II)
phosphorylation via Rho-associated kinase/myosin phosphatase
targeting subunit 1 and protein kinase C/CPI-17 pathway. Biochem J
2003; 374: 145-155 [PMID: 12733988 DOI: 10.1042/BJ20021274]
Kendig DM, Grider JR. Serotonin and colonic motility. Neuro
gastroenterol Motil 2015; 27: 899-905 [PMID: 26095115 DOI:
10.1111/nmo.12617]
Vanuytsel T, Tack JF, Boeckxstaens GE. Treatment of abdominal

August 7, 2017|Volume 23|Issue 29|

Kim HJ et al . Hwangryunhaedok-tang and ICCs

44

45

46
47
48

49

50

51

pain in irritable bowel syndrome. J Gastroenterol 2014; 49:
1193-1205 [PMID: 24845149 DOI: 10.1007/s00535-014-0966-7]
Spiller R. Recent advances in understanding the role of serotonin
in gastrointestinal motility in functional bowel disorders:
alterations in 5-HT signalling and metabolism in human disease.
Neurogastroenterol Motil 2007; 19 Suppl 2: 25-31 [PMID:
17620085 DOI: 10.1111/j.1365-2982.2007.00965.x]
Hoffman JM, Tyler K, MacEachern SJ, Balemba OB, Johnson AC,
Brooks EM, Zhao H, Swain GM, Moses PL, Galligan JJ, Sharkey
KA, Greenwood-Van Meerveld B, Mawe GM. Activation of
colonic mucosal 5-HT(4) receptors accelerates propulsive motility
and inhibits visceral hypersensitivity. Gastroenterology 2012; 142:
844-854.e4 [PMID: 22226658 DOI: 10.1053/j.gastro.2011.12.041]
Derkach V, Surprenant A, North RA. 5-HT3 receptors are
membrane ion channels. Nature 1989; 339: 706-709 [PMID:
2472553 DOI: 10.1038/339706a0]
Hannon J, Hoyer D. Molecular biology of 5-HT receptors. Behav
Brain Res 2008; 195: 198-213 [PMID: 18571247 DOI: 10.1016/
j.bbr.2008.03.020]
Herbrechter R, Ziemba PM, Hoffmann KM, Hatt H, Werner M,
Gisselmann G. Identification of Glycyrrhiza as the rikkunshito
constituent with the highest antagonistic potential on heterologously
expressed 5-HT3A receptors due to the action of flavonoids.
Front Pharmacol 2015; 6: 130 [PMID: 26191003 DOI: 10.3389/
fphar.2015.00130]
Gershon MD. Review article: serotonin receptors and transporters
-- roles in normal and abnormal gastrointestinal motility. Aliment
Pharmacol Ther 2004; 20 Suppl 7: 3-14 [PMID: 15521849 DOI:
10.1111/j.1365-2036.2004.02180.x]
Costedio MM, Hyman N, Mawe GM. Serotonin and its role
in colonic function and in gastrointestinal disorders. Dis Colon
Rectum 2007; 50: 376-388 [PMID: 17195902 DOI: 10.1007/
s10350-006-0763-3]
Chang L. Review article: epidemiology and quality of life in
functional gastrointestinal disorders. Aliment Pharmacol Ther

52
53
54

55

56

57

58

59

2004; 20 Suppl 7: 31-39 [PMID: 15521853 DOI: 10.1111/
j.1365-2036.2004.02183.x]
Talley NJ. Functional gastrointestinal disorders as a public health
problem. Neurogastroenterol Motil 2008; 20 Suppl 1: 121-129
[PMID: 18402649 DOI: 10.1111/j.1365-2982.2008.01097.x]
Glessner MR, Heller DA. Changes in related drug class utilization
after market withdrawal of cisapride. Am J Manag Care 2002; 8:
243-250 [PMID: 11915974]
Pasricha PJ. Desperately seeking serotonin... A commentary on
the withdrawal of tegaserod and the state of drug development for
functional and motility disorders. Gastroenterology 2007; 132:
2287-2290 [PMID: 17570201 DOI: 10.1053/j.gastro.2007.04.057]
Rawsthorne P, Shanahan F, Cronin NC, Anton PA, Löfberg R,
Bohman L, Bernstein CN. An international survey of the use and
attitudes regarding alternative medicine by patients with inflammatory
bowel disease. Am J Gastroenterol 1999; 94: 1298-1303 [PMID:
10235210 DOI: 10.1111/j.1572-0241.1999.01080.x]
Seeff LB, Lindsay KL, Bacon BR, Kresina TF, Hoofnagle JH.
Complementary and alternative medicine in chronic liver disease.
Hepatology 2001; 34: 595-603 [PMID: 11526548 DOI: 10.1053/
jhep.2001.27445]
Park KJ, Hennig GW, Lee HT, Spencer NJ, Ward SM, Smith TK,
Sanders KM. Spatial and temporal mapping of pacemaker activity
in interstitial cells of Cajal in mouse ileum in situ. Am J Physiol
Cell Physiol 2006; 290: C1411-C1427 [PMID: 16381798 DOI:
10.1152/ajpcell.00447.2005]
Lee HT, Hennig GW, Park KJ, Bayguinov PO, Ward SM, Sanders
KM, Smith TK. Heterogeneities in ICC Ca2+ activity within canine
large intestine. Gastroenterology 2009; 136: 2226-2236 [PMID:
19268670 DOI: 10.1053/j.gastro.2009.02.060]
Zhu MH, Kim TW, Ro S, Yan W, Ward SM, Koh SD, Sanders
KM. A Ca(2+)-activated Cl(-) conductance in interstitial cells
of Cajal linked to slow wave currents and pacemaker activity. J
Physiol 2009; 587: 4905-4918 [PMID: 19703958 DOI: 10.1113/
jphysiol.2009.176206]
P- Reviewer: Baker S, Liu S, Xu WX S- Editor: Gong ZM
L- Editor: A E- Editor: Li D

WJG|www.wjgnet.com

5323

August 7, 2017|Volume 23|Issue 29|

World J Gastroenterol 2017 August 7; 23(29): 5324-5332

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v23.i29.5324

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE
Basic Study

MicroRNA exhibit altered expression in the inflamed colonic
mucosa of ulcerative colitis patients
Swati Valmiki, Vineet Ahuja, Jaishree Paul
Swati Valmiki, Jaishree Paul, School of Life Sciences,
Jawaharlal Nehru University, New Delhi 110067, India

Received: February 7, 2017
Peer-review started: February 8, 2017
First decision: March 30, 2017
Revised: May 22, 2017
Accepted: June 1, 2017
Article in press: June 1, 2017
Published online: August 7, 2017

Vineet Ahuja, Department of Gastroenterology, All India
Institute of Medical Sciences, New Delhi 110029, India
Author contributions: Valmiki S and Paul J designed the study,
analyzed the data and wrote the manuscript; Valmiki S performed
the experiments; Ahuja V provided the samples with clinical
history.

Abstract

Supported by Department of Biotechnology, Ministry of
Science and Technology, New Delhi, Government of India vide
BT/PR8348/MED/30/1023/2013 to Paul J; PURSE grant from
the Department of Science and Technology, New Delhi India vide
6(54) SLS/JP/DST PURSE/2015-2016.

AIM
To investigate the miRNA expression in colonic mucosal
biopsies from endoscopically inflamed and non inflamed
regions of ulcerative colitis (UC) patients.
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METHODS
Colonic mucosal pinch biopsies were analyzed from the
inflamed and non inflamed regions of same UC patient.
Total RNA was isolated and differential miRNA profiling
was done using microarray platform. Quantitative
Real Time PCR was performed in colonic biopsies from
inflamed (n = 8) and non-inflamed (n = 8) regions
of UC and controls (n = 8) to validate the differential
expression of miRNA. Potential targets of dysregulated
miRNA were identified by using in silico prediction tools
and probable role of these miRNA in inflammatory
pathways were predicted.
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RESULTS
The miRNA profile of inflamed colonic mucosa differs
significantly from the non-inflamed. Real time PCR
analysis showed that some of the miRNA were
differentially expressed in the inflamed mucosa as
compared to non inflamed mucosa and controls (miR125b, miR-223, miR-138, and miR-155), while (miR200a) did not show any significant changes. In contrast
to microarray, where miR-378d showed downregulation
in the inflamed mucosa, qRT-PCR showed a significant
upregulation in the inflamed mucosa as compared
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to the non inflamed. The in silico prediction analysis
revealed that the genes targeted by these miRNAs
play role in the major signaling pathways like MAPK
pathway, NF-κB signaling pathway, cell adhesion
molecules which are all assciated with UC.

several genes have been found to be assciated with
[4]
IBD pathogenesis , and some of these genes play
important roles in the major inflammatory pathways.
MicroRNA are a class of small sized (about 18-22
nucleotides in length), non coding, single stranded,
endogenous mRNA which modulates the expression of
their target mRNA by binding to them in their 3’UTR
by either carrying out their degradation or inhibiting
[5-8]
the translation prcess . However, target sites for
miRNA have also been reported in the 5’UTR of many
[9]
genes . Around 2000 mature miRNA have been
reported so far and they are known to modulate the
[10]
expression of about one third of human genes .
Recent evidences suggest that miRNAs play key role
in modulating the expression of target genes involved
in the pathogenesis of various diseases. According to
a recent estimate almost 60% of genes in a cell are
[11]
regulated by miRNAs .
In the past few years miRNAs have emerged as the
[12,13]
new epigenetic regulators in IBD
also differential
expression of miRNAs have been assciated with several
[14]
autoimmune diseases and cancer including IBD .
These studies have revealed differential profiling of
miRNAs in mucosal tissues of UC and CD patients thus
[15]
indicating their importance as potential biomarkers .
Our aim in this study had been to profile the miRNAs
exhibiting differential expression in inflamed and noninflamed region of the colon tissue in UC patients.
Further we attempted to assess using bioinformatics
tools, the functional significance of selected miRNAs
involved in the regulation of target genes. Therefore,
studying these miRNAs could provide better ways for
disease diagnosis and therapeutics by establishing
potential biomarkers.

CONCLUSION
The present study reports disease specific alteration
in the expression of miR-125b, miR-155, miR-223 and
miR-138 in UC patients and also predict their biological
significance.
Key words: Ulcerative colitis; Colon mucosa; MicroRNA;
Microarray; qRT-PCR; In silico analysis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In order to get an insight into the pathogene
sis of ulcerative colitis (UC), we explored spatial expression
of microRNA in the inflamed and non-inflamed region
of mucosal tissue of patients. Profiling of differentially
expressed miRNA was generated by microarray from
three paired samples. Few significantly dysregulat
ed microRNA were validated using qRT-PCR. The
present study reports disease specific alteration
in the expression of miR-125b, miR-155, miR-223
and miR-138 in UC patients and also analyzed their
biological significance using in silico tools. MiR-223
exhibited elevated expression independent of disease
activity therefore, could be a potential candidate as
biomarker for UC.
Valmiki S, Ahuja V, Paul J. MicroRNA exhibit altered expression
in the inflamed colonic mucosa of ulcerative colitis patients.
World J Gastroenterol 2017; 23(29): 5324-5332 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i29/5324.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i29.5324

MATERIALS AND METHODS
Patients and tissue samples

The study included 8 UC patients and 8 non IBD
controls. Colonic pinch biopsies were collected from
the endoscopically inflamed as well as non inflamed
regions of UC patients from the Department of Gastro
enterology, All India Institute of Medical Sciences, New
Delhi, India. The disease activities of the samples were
measured on the basis of SCCAI score. Demographic
features of study subjects are enlisted in Table 1. For
obtaining inflamed mucosal samples, pinch biopsies
were withdrawn from the colonic regions which
showed clear symptoms of UC such as loss of vascular
pattern, erythema, spontaneous bleeding or ulceration
while in case of non inflamed mucosal samples,
biopsies were collected from colonic regions of same
UC patients with no disease activity. In case of control
subjects biopsies were collected from rectosigmoid
area. All the controls were age and sex matched with
patients. Controls included were individual attending
the clinic for routine colonoscopy and were without
any inflammatory disorder of intestine and without any

INTRODUCTION
Inflammatory bowel disease (IBD) is a gastrointestinal
disorder which is chronic and relapsing in nature and
exists in two clinical forms ulcerative colitis (UC) and
[1]
Crohn’s disease (CD) . Over the past decade, the
incidence and prevalence of IBD are continuously
[2]
increasing worldwide . The etiology of IBD is not
defined yet, but several reports in the past have
hypothesized that there is complex interplay of
microbial, environmental and genetic factors which
[3]
predisposes an individual to develop the disease .
Various systematic approaches like candidate gene
identification or genome wide association studies have
been made to identify the genes that get dysregulat
ed and affect the downstream signaling pathways
and subsequent gene expression during disease
condition. Molecular changes in the expression of
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Table 1 Demographic features of study subject n (%)
Characteristics

UC patients

Table 2 List of primers used for reverse transcription and
qRT-PCR

Non IBD control

Name

No. of patients (total)
8
8
Sex (M/F)
3/5
2/6
Age (mean ± SD, range, yr)
39.75 ± 10.29 (25-62) 40.75 ± 11.86 (24-60)
Disease duration (mean ± SD, 6.35 ± 6.52 (1.5-21)
NA
Range, yr)
Disease extent
Proctitis
3 (37.5)
Left sided colitis
5 (62.5)
Medication
Mesalamine
5 (62.5)
0
Azathioprine
3 (37.5)
0
Steroids
0
0

Reverse Universal
Primer
hsa-miR-125b-5p

hsa-miR-155-5p

Forward
RT

hsa-miR-138-5p

Forward
RT

hsa-miR-200a-3p

Forward
RT

hsa-miR-378d

Forward
RT

Sno RNA U6

Forward
RT
Forward

The study has been ethically approved from the
Institute Ethics Committee, All India Institute of
Medical Sciences (Ref. No. T-290/23.06.2015,
RT-7/27.01.2016) and Institutional Ethics Review
Board, JNU (IERB Ref. No.2016/Student/93). Informed
consent was taken from all the subjects included in
study.

GTCGTATCCAGTGCAGGGTCCGAGG
TATTCGCACTGGATACGTCACAAGT
TCCCTGAGACCCTAACTTG
GTCGTATCCAGTGCAGGGTCCGAGG
TATTCGCACTGGATACGTGGGGTAT
TGTCAGTTTGTCAAATACCC
GTCGTATCCAGTGCAGGGTCCGAGG
TATTCGCACTGGATACGACCCCTAT
TTAATGCTAATCGTGATAGG
GTCGTATCCAGTGCAGGGTCCGAGG
TATTCGCACTGGATACGCGGCCTGA
AGCTGGTGTTGTGAATCAG
GTCGTATCCAGTGCAGGGTCCGAGG
TATTCGCACTGGATACGACATCGTT
TAACACTGTCTGGTAACGAT
GTCGTATCCAGTGCAGGGTCCGAGG
TATTCGCACTGGATACGTTTCTGTC
ACTGGACTTGGAGTCAGAAA
GTCGTATCCAGTGCAGGGTCCGAGG
TATTCGCACTGGATACGAAAATATG
CAAATTCGTGAAGCGTTCCA

RT primers were used to sythesize miRNA specific cDNA. For real time
PCR miRNA specific forward primer and reverse universal primers were
used.

reverse transcription and qRT-PCR are enlisted in
Table 2. Differential expression of six selected miRNAs
identified by microarray was performed using BioRad
CFX96 Real Time System with C1000 Touch Thermal
cylcer. (BioRad, Hercules, CA, United States) by SYBR
Green method, and the cycles were as follows: initial
denaturation - 94 ℃ for 2 min, denaturation - 94 ℃
for 30 s, annealing - 60 ℃ for 1 min for 40 cycles.
The relative expression differences of miRNAs were
normalized to internal reference U6 snoRNA and
-ΔΔct
analyzed using 2
method. The statistical analysis
was done using unpaired, two way student’s t-test and
a p value < 0.05 were considered significant.

RNA isolation and quality check

Total RNA was extracted from the mucosal biopsies
using mirVana miRNA isolation kit (Ambion INC, TX,
United States) according to manufacturer’s protcol and
quantified by NanoDrop 2000 Spectrophotometer (Thermo
Scientific, Waltham, United States). The 260/280 values
were above 1.9. Quality check for RNA was assayed by
Agilent Bioanalyzer 2100 (Agilent Technologies, Santa
Clara, CA, United States).

miRNA microarray profiling

Target prediction for differentially expressed miRNAs

The array included three pairs of inflamed and non
inflamed samples from UC patients. Samples were
submitted to Affymetrix for miRNA profiling using
®
GeneChip miRNA 4.0 Array which is designed to
interrogate all mature miRNA sequences in miRBase
Release 20. The differentially expressed miRNA were
statistically assessed by one way ANOVA paired
method. P value of 0.05 was considered significant and
fold change of 1.5 was taken as cut off for upregula
tion and -1.5 for downregulation of miRNA in a given
sample.

Target prediction for differentially expressed miRNAs
was carried out by miRWalk database (http://www.
ma.uniheidelberg.de/apps/zmf/mirwalk/). This database
[18]
simultaneously searches several other databases .
Additionally, TargetScan, miRBD, RNA22, DIANA,
Pictar were also selected for target prediction and
genes picked at least by three tools were selected
for our list of potential targets. Further, involvement
of these miRNAs in different biological pathways was
investigated using mirPath v.3: DIANA TOOLS.

Reverse transcription and quantitative real time PCR

RESULTS

Reverse transcription for each miRNA (800 ng) was
[17]
carried out using gene specific looped primers ,
using revert aid cDNA synthesis kit (Fermentas St.
Leon Rot, Germany). Sequence of primers used for
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RT
Forward
RT

Ethical approval

Sequence (5’-3’)
GTGCAGGGTCCGAGGT

hsa-miR-223-3p

UC: Ulcerative colitis; IBD: Inflammatory bowel disease.

IBD symptoms. Mucosal biopsy samples were collected
in RNA later solution. Diagnosis of UC was confirmed
through endoscopic and histological examination by
[16]
following ECCO guidelines .

Primer

MiRNA microarray profiling of inflamed colonic mucosa
of UC patients

To investigate the disease specific changes in the miRNA
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profiling, mucosal biopsy tissues from endoscopically
inflamed and non inflamed region of UC patients were
submitted for microarray analysis. Microarray analysis
revealed that miRNAs are differentially expressed in
the inflamed colonic region of UC patients as compared
to the non inflamed ones Supplementary Figure 1.
We had selected three matched pairs for miRNA
microarray profiling, out of which two pairs (Sample
NI1, I1 and NI6, I6) exhibited dysregulated expression
of several miRNAs in the inflamed mucosa which
indicates the disease specific behavior of miRNAs. In
the third matched pair (NI5, I5) the changes in miRNA
expression were not comparable probably due to the
mild disease activity in the patient.
Some of the miRNAs were upregulated with a fold
change more than 10 such as miR-138, miR-7085p, miR-212-3p, miR-4521, miR-17,-3p, miR-223,-3p,
miR-21. The top 44 differentially expressed miRNAs
have been enlisted in Table 3 with their respective fold
changes. MiR-138 and miR-223 were upregulated more
than 10 folds in the inflamed tissues and they have
also been reported to be dysregulated in UC. miR-125b
and miR-155 were upregulated with a fold change of
2.56 and 2.33 respectively in our study. Additionally,
miR-200a and miR-378d were downregulated with
a fold change of -2.14 and -4.06 respectively. We
selected these six miRNAs as candidate miRNAs for
further analysis because these miRNAs were reported
to be dysregulated during autoimmune diseases and in
various cancers. Some of these miRNAs were reported
to be differentially regulated during UC but whether
these miRNAs show any spatial expression within the
endoscopically inflamed and non inflamed regions was
not known. Also the gene targeted by these miRNAs
play role in major inflammatory pathways.

inflamed (p < 0.05) as well as in inflamed vs control
(p < 0.01). In contrast to microarray results, the
expression of miR-200a did not change significantly
in the inflamed samples when compared with non
inflamed and controls Figure 2. But interestingly, the
expression of miR-200a in non inflamed mucosa was
significantly lower in the non inflamed vs controls. As
seen in microarray miRNA-378d was downregulated in
the inflamed mucosa of UC patients but in qRT-PCR,
it showed a significant upregulation in the inflamed
mucosa as compared to the non inflamed (p < 0.01)
and controls (p < 0.05). Interestingly, miR-378d
showed less expression in the non inflamed mucosa as
compared to the control.
The qRT-PCR results were further reanalyzed
individually for each matched pair and it showed that
although inter sample variation was there in each case,
the expression of miR-155, miR-138, miR-223, miR125b was upregulated in most of the inflamed samples
as compared to the non inflamed ones Figure 3 and
these changes were found to be statistically significant.
In contrast to microarray, miR-378d showed significant
upregulation in the inflamed samples as compared
to the non inflamed although inter sample variation
was seen in this case also. In case of miR-200a,
the inter sample variation was quite high, although
the changes in expression were not significant it
showed upregulation in the expression in four pairs
whereas downregulation in the rest four pairs Figure
2. Therefore, we could not draw a conclusive trend for
this miRNA.

Prediction of potential targets by in silico prediction tool

miRNAs (miR-155, miR-138, miR-125b andmiR-223)
showing significant changes in qRT-PCR analysis were
examined for their biological relevance by studying
their respective potential gene targets and the
signaling pathways involved. In silico target prediction
analysis revealed several putative targets which play
important role in major signaling pathways. Target
prediction analysis indicated biological relevance of
these dysregulated miRNAs as the genes targeted by
these miRNAs are involved in the major inflammatory
pathways such as NF-κB signaling pathways and MAPK
pathway. Potential targets of all four miRNAs have
been enlisted in Table 4. Potential targets of miR-125b
included TNF receptor assciated factor 6 (TRAF6), TNF
alpha induced protein 3 (TNFAIP3), IL6R of NF-κB
signaling pathway and Signal transducer and activator
of transcription (STAT3), JUN, AKT1, IRF6 and IRAK1
of TLR signaling. In addition to this, miR-125b also
targets SMAD4 and cAMP responsive element binding
protein1 (CREB1), SIRT5, DICER1, acetylcholine
esterase (ACHE), CDK16, CCR2 and MUC1.Putative
targets of miR-155 includes signaling molecules of
NF-κB signaling such as TGF beta activated kinase
2 (TAB2), CARD6, RelA and TRAF3, suppressor of
cytokine signaling (SCS1), KRAS, PAK2, BDNF of MAPK

Validation of differentially expressed miRNA by qRTPCR

The differential expression of six candidate miRNAs
(miR-155, miR-138, miR-125b, miR-223, miR-378d
and miR-200a) was validated by performing qRTPCR in matched pair samples from UC patients (n
= 8) and non IBD controls (n = 8). The expression
of miR-155, miR-138, miR-125b and miR-223 was
found to be significantly upregulated in inflamed
colonic mucosa of UC patients as compared to non
inflamed mucosa and controls Figure 1. We found
that miR-223 was significantly upregulated in the
inflamed vs non inflamed tissues (p < 0.05) and
in inflamed vs control (p < 0.001). Its expression
was also significantly higher in the non inflamed vs
controls (p < 0.01) as well. Similarly, miR-125b, was
significantly higher in inflamed vs non inflamed (p <
0.01) as seen in microarray and inflamed vs controls
(p < 0.001). In accordance with microarray, miR-138
exhibited increased expression in inflamed vs non
inflamed and also in inflamed vs controls (p < 0.05)
and mir-155 was also upregulated in inflamed vs non
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Table 3 List of top 44 differentially expressed miRNAs in the inflamed colonic mucosal biopsies of ulcerative colitis patients
determined by microarray
1

MicroRNA

F.C

hsa-miR-138-5p
hsa-miR-708-5p
hsa-miR-212-3p
hsa-miR-4538
hsa-miR-4521
hsa-miR-4417
hsa-miR-17-3p
hsa-miR-424-3p
hsa-miR-874-3p
hsa-miR-25-5p
hsa-miR-223-3p
hsa-miR-1271-5p
hsa-miR-148b-3p
hsa-miR-501-5p
hsa-miR-4486
hsa-miR-224-3p
hsa-miR-21-3p
hsa-miR-146b-5p
hsa-miR-149-5p
hsa-miR-31-5p
hsa-miR-491-5p
hsa-miR-125b-5p

35.16
34.7
24.06
26.12
17.69
16.63
15.28
14.17
13.47
13.41
13.01
11.96
11.31
11.26
10.86
10.46
8.46
6.83
6.24
4.04
3.92
2.56

Expression

MicroRNA

F.C

Expression

Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated

hsa-miR-148a-5p
hsa-miR-155-5p
hsa-miR-21-5p
hsa-miR-196b-3p
hsa-miR-552-3p
hsa-miR-196b-5p
hsa-miR-378d-5p
hsa-miR-141-3p
hsa-miR-10b-5p
hsa-miR-215-5p
hsa-miR-192-5p
hsa-miR-194-3p
hsa-miR-422a
hsa-miR-200a-3p
hsa-miR-378a-3p
hsa-miR-6732-5p
hsa-miR-147b
hsa-miR-200b-3p
hsa-miR-572
hsa-miR-4649-5p
hsa-miR-638
hsa-miR-299-5p

2.42
2.33
1.81
1.50
-7.82
-7.60
-4.06
-3.03
-2.85
-2.56
-2.52
-2.31
-2.22
-2.14
-2.04
-1.94
-1.78
-1.7
-1.63
-1.61
-1.6
-1.59

Upregulated
Upregulated
Upregulated
Upregulated
Downregulated
Downregulated
Downregulated
Downregulated
Downregulated
Downregulated
Downregulated
Downregulated
Downregulated
Downregulated
Downregulated
Downregulated
Downregulated
Downregulated
Downregulated
Downregulated
Downregulated
Downregulated

1

F.C denoted the fold change in the expression of respective miRNA in the inflamed biopsies compared to the non inflamed biopsy.
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Figure 1 Differential expression of miRNAs investigated by performing real time PCR. A: miR-223; B: miR-125b; C: miR-138; D: miR-155. C denotes Control,
NI denotes non-inflamed and INF denotes inflamed. NS: Not significant.

CASP3, HDAC4, SIRT1, MAST4, SMAD4, MyD88 and
CDK6. miR-223 targets STAT1, RELA and TAB3 of NFκB signaling. The putative targets of miR-378d include
TRAF3, SCS2 and MAPK1. Putative target genes of
miR-200a involved in inflammatory pathways were

signaling, CTLA4, IL6R, nuclear factor of activated T
cells 5 (NFAT5), IL17RB, Myd88, IKBKE, CTLA4, CLCN3
and APC.
Similarly, miR-138 targets genes such as CXCL8,
RELA of NF-κB signaling pathway and other genes like
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Figure 2 Real time analysis for miR-378d and miR-200a. A: miR-378d; B: miR-378d matched individual samples; C: miR-200a; D: miR-200a matched individual
samples. C: Control; NI: Non inflamed; INF: Inflamed; NS: Not significant.

and tissue of UC patients differs from that of control
[19,20]
individuals
. MiRNA were also reported to play
critical role in mediating cross talk between CD, UC
[21]
and CRC .
Our microarray analysis included three matched
pairs from the endoscopically inflamed and non
inflamed regions of UC patients. One of the pair didn’t
show much changes in the miRNA transcriptome of
inflamed region when compared with the non inflamed
one (NI5 and I5), which is more certainly due to the
mild activity of disease in the patient. Other two pairs
showed significant changes in the miRNA profile in the
inflamed regions as compared to the non inflamed
ones. We found that miR-223 and miR-138 were
upregulated with a fold change of more than 10 folds
in the inflamed mucosa and these miRNAs are also
[22-24]
reported earlier to be dysregulated during UC
however the spatial expression of these miRNAs in
the endoscopically inflamed and non inflamed regions
are reported here for the first time. miR-125b and
[21]
miR-155 mediates cross talk between UC and CRC
as reported earlier and also modulates the expression
[25]
of genes playing role in inflammatory pathways .
miR-200a is earlier reported to get downregulated in
[22]
UC . Keeping the role of these miRNAs in mind we
selected these six as our candidate miRNAs for further
analysis, so that we can elucidate the disease specific
behavior of these miRNA and correlate their expression
with disease activity.
qRT-PCR analysis revealed that miR-223 was
upregulated in inflamed tissues of UC patients, also

Table 4 List of potential targets and the pathway involved
MicroRNA
hsa-miR-155-5p
hsa-miR-155-5p
hsa-miR-155-5p
hsa-miR-155-5p
has-miR-155
hsa-miR-138-5p
hsa-miR-138-5p
hsa-miR-138-5p

Target gene

Pathway involved

TAB2, CFLAR, CARD11,
ReLA, TRAF3
CARD6, ERBB2IP, MAPK10

NF-κB signaling.

S ℃S1, KRAS, PAK2, RAP1B,
RFLA, TAOK1, CACNB4, BDNF
FOS, S ℃S1, IKBKE, TRAF3,
MAPK10, TAB2
NFAT5, GSK3B, INPP5D,
VAV3, PIK3CA
CSNK2A2, RELA
CXCL8, MAP2K7
CLDN19, CD274, ITGAL

hsa-miR-125b-5p MAPK14, JUN.AKT1, IRAK1,
TRAF6, IRF5
hsa-miR-125b
TNFAIP3, CSNK2A1, IRAK1
hsa-miR-223-3p
STAT1, RELA
hsa-miR-223-3p
TAB3, ERC1, PARP1, RELA
hsa-miR-378d
MAPK1
hsa-miR-378d
TRAF3
hsa-miR-200a
TAB2, TNFAIP3

Nod like receptor
signaling
MAPK signaling
TLR signaling
B cell receptor
signaling
NF-κB signaling
TLR signaling
Cell Adhesion
Molecules.
TLR signaling
NF-κB signaling
TLR signaling
NF-κB signaling
MAPK signaling
NF-κB signaling
NF-κB signaling

TAB2, CXCL12, TNFAIP3, SIRT1 and TGFB2.

DISCUSSION
In the past few years, miRNAs have been reported
to be dysregulated during UC, there are several
studies which claimed that miRNA profile in the blood
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Figure 3 Differentially expressed miRNAs in the matched colonic biopsies of each ulcerative colitis patient determined by qRT-PCR analysis. A: miR- 223; B:
miR-125-b; C: miR-138; D: miR-155. NI denotes non-inflamed and INF denotes inflamed. NS: Not significant.

this was the only miRNA in our study, which showed
significantly higher expression in both the inflamed
as well as non inflamed tissues of UC patients as
compared to controls. Therefore, this miRNA could be
established as a potential biomarker to differentiate
between UC and controls as its expression does not
depend upon disease activity. Moreover, previous
studies have shown miR-223 plays a role in gastric
cancer and also known to target the tumor suppressor
[26,27]
[28]
gene EPB41L3
. Wang et al
showed that
miR-223 targets claudin-8 (CLDN8) which is a tight
junction protein and maintains the intestinal barrier.
miR-223 targets CLDN8 thereby mediating cross talk
between IL23 pathway during IBD.
In accordance with the microarray studies,
miR-155 expression was also significantly higher in
the inflamed vs non inflamed as well as inflamed vs
controls. Its upregulation is also reported in breast
cancer where it acts as an OncomiR by targeting
[29,30]
suppressor of cytokine signaling 1 (SCS1)
. In
[31]
addition to this Kong et al
claimed that miR-155
modulated the expression of tumor suppressor
gene von Hippel-Lindau (VHL) and promotes tumor
invasion, proliferation, angiogenesis and recruitment
of proinflamatory cells in breast cancer. Expression of
miR-125b was also found significantly higher in the
inflamed mucosa as compared to non inflamed and
controls. Since miRNAs (miR125b and miR-155) are
responsible for mediating cross talk between UC and
[21]
CRC , therefore, studying these miRNAs in detail
could provide new insights in disease diagnosis and
therapeutics.

WJG|www.wjgnet.com

In the present study, miR-138 was also highly
expressed in the inflamed mucosa of UC patient.
Elevated level of miR-138 expression reported here
has not been shown earlier from mucosal tissue of UC
[32]
patients but only from peripheral blood samples .
Some of the previous reports suggest tumor sup
pressive role of miR-138 in nasopharyngeal cancers
by targeting oncogene CCDN1 and controlling tumor
[33]
proliferation and also downregulation of miR-138 was
[34]
reported by Liu et al
in head and neck squamous
cell carcinomas where it played role in promoting
apoptosis and suppressing tumor invasion. Role of this
microRNA, regulating the target gene of inflammatory
pathway during UC is yet to be validated. In contrast
with the microarray results, qRT-PCR analysis did not
show significant changes in expression of miR-200a in
the inflamed mucosa vs non inflamed mucosa of UC
patients. Interestingly, miR-378d showed a significant
upregulation in the inflamed mucosa as compared to
the non inflamed and controls in paired samples, while
our microarray data a reverse trend in the inflamed
mucosa. We also investigated the expression of
miR-200a and miR-378d in UC (n = 30) vs controls
(n = 20) by qRT-PCR, where we again observed
significant downregulation in miR-200a and significant
upregulation in miR-378d (data not shown).
The next approach in our study was to find out
the putative targets of candidate miRNAs using in
silico target prediction tools. The potential targets of
our candidate miRNAs included signaling molecules of
inflammatory pathways such as MAPK signaling, NF-κB
signaling and cytokine signaling pathways, which are
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known to be directly assciated with pathogenesis of
[35]
IBD .
In conclusion, our study elucidated the spatial re
lationship of miR-125b, miR-155, miR-138 and miR-223
in the endoscopically involved and non involved pockets
of UC patients. miR-223 showed differential expression
independent of disease activity therefore, could be a
potential target as biomarker for UC.
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Abstract

Institutional review board statement: This study was
reviewed and approved by the Shanghai University of Traditional
Chinese Medicine Institutional Review Board (No. 201409011).

AIM
To investigate the capability of salvianolic acid B (Sal
B) to protect hepatocytes from hydrogen peroxide
(H2O2)/carbon tetrachloride (CCl4)-induced lysosomal
membrane permeabilization.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by the
Institutional Animal Care and Use Committee of the Shanghai
University of Traditional Chinese Medicine [License number:
SCXK (Shanghai) 2014-0008].

METHODS
Cell Counting Kit-8 assay was used to measure cell
viability. Apoptosis and death were assayed through
flow cytometry. BrdU incorporation was used to detect
cell proliferation. Serum alanine aminotransferase
activity and liver malondialdehyde (MDA) content
were measured. Liver histopathological changes were
evaluated using hematoxylin-eosin staining. Lysosomal
membrane permeability was detected with LysoTracker
Green-labeled probes and acridine orange staining. The
levels of protein carbonyl content (PCC), cathepsins
(Cat)B/D, and lysosome-associated membrane protein
1 (LAMP1) were evaluated through western blotting.
Cytosol CatB activity analysis was performed with
chemiluminescence detection. The mRNA level of
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work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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allows the release of luminal contents, such as pro
teases, into the cytosol and results in lysosomal
alkalization and cell death. The oxidative stress
caused by the imbalance between reactive oxygen
species (ROS) production and clearance is associated
with numerous pathological consequences, including
[4]
necrosis, autophagy, and apoptosis . Hydrogen
peroxide (H2O2) is a key mediator underlying cellular
oxidative stress and is involved in various patho
[5,6]
logical processes . In carbon tetrachloride (CCl4)induced liver injury, oxidative stress is one of the main
[7]
mechanisms .
Hepatocytes make up a systemic hub, integrating
the entire body’s metabolic demand and detoxification
[8]
processes, all of which are redox-regulated . An
increase in oxidative stress sensitizes hepatocytes to
subsequent necrosis and/or apoptosis and ultimately
results in a massive loss of mature hepatocytes with
subsequent inflammation, fibrosis, cirrhosis, and even
[9]
hepatocellular carcinoma . However, how hepatocyte
death is caused by oxidative stress-induced LMP
remains unclear.
Salvianolic acid B (Sal B), a water-soluble compound
extracted from the herb of Salvia miltiorrhiza, has been
widely used in many Asian countries for the treatment
of cardiovascular disorders and cerebrovascular diseases
[10]
for thousands of years . Sal B exerts significant free
[11]
radical scavenging effects . Several recent reports
have indicated that Sal B produces hepatoprotec
[12]
tive effects in chronic alcoholic liver disease , non[13]
alcoholic fatty liver disease , and non-alcoholic steato
[14]
hepatitis . Furthermore, Sal B can effectively inhibit
hepatocyte apoptosis by regulating death receptor
[15]
and mitochondrial pathways . However, whether the
anti-oxidation effects of Sal B are related to LMP in
hepatocytes still requires elucidation.
In the present study, H2O2/CCl4-induced injury/
death in the BNL CL.2 hepatocyte cell line was used
to determine if LMP leads to the leakage of lysosomal
contents into the cytosol and triggers cell death in
hepatocytes and if Sal B protects cells from death.

LAMP1 was evaluated through quantitative real-time
polymerase chain reaction.
RESULTS
Results indicated that H2O2 induced cell injury/death.
Sal B attenuated H2O2-induced cell apoptosis and death,
restored the inhibition of proliferation, decreased the
amount of PCC, and stabilized the lysosome membrane
by increasing the LAMP1 protein level and antagonizing
CatB/D leakage into the cytosol. CCl4 also triggered
hepatocyte death. Furthermore, Sal B effectively
rescued hepatocytes by increasing LAMP1 expression
and by reducing lysosomal enzyme translocation to the
cytosol.
CONCLUSION
Sal B protected mouse embryonic hepatocytes from
H2O2/CCl4-induced injury/death by stabilizing the lyso
somal membrane.
Key words: Lysosomal membrane permeabilization;
Injury; Salvianolic acid B; Hepatocyte
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Lysosomal membrane permeabilization
leads to the release of luminal contents, such as
proteases and protons, into the cytosol, resulting in
cell death. Salvianolic acid B (Sal B), a water-soluble
compound extracted from Salvia miltiorrhiza , exerts a
cell protective effect by anti-oxidation. In the present
study, we elucidate that Sal B protects hepatocytes
from H2O2/CCl4 -induced injury/death by stabilizing the
lysosomal membrane.
Yan XF, Zhao P, Ma DY, Jiang YL, Luo JJ, Liu L, Wang XL.
Salvianolic acid B protects hepatocytes from H2O2 injury by
stabilizing the lysosomal membrane. World J Gastroenterol
2017; 23(29): 5333-5344 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i29/5333.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i29.5333

MATERIALS AND METHODS
INTRODUCTION

Cell culture

The BNL CL.2 mouse embryonic hepatocyte cell
line was purchased from the Cell Bank of Shanghai
Institutes for Biological Sciences and routinely grown
in Dulbecco’s modified Eagle’s medium supplemented
with 10% fetal bovine serum, 100 U/mL of penicillin,
and 100 μg/mL of streptomycin in a humidified
atmosphere containing 5% CO2 at 37 ℃. The culture
media were changed once every 2 d.

Lysosomes are cytoplasmic membrane-enclosed
organelles that contain various hydrolytic enzymes;
they complete the degradation process of cellular
[1]
components and macromolecules . The function of
lysosomes is critically dependent on soluble lysosomal
[2]
hydrolases, including cathepsin (Cat) B and CatD , as
well as membrane integrity due to highly glycosylated
lysosomal membrane proteins, including lysosome[3]
associated membrane proteins (LAMPs) .
Lysosomes are potentially harmful to cells when
damage occurs on the lysosomal membrane under
pathological conditions. This occurrence is called
lysosomal membrane permeabilization (LMP), which

WJG|www.wjgnet.com

Cell viability assay

Cell viability was assessed with the Cell Counting Kit-8
(CCK8) assay (Dojindo, Kumamoto, Japan). Four
thousand cells were seeded onto 96-well plates and
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5% non-fat milk for 2 h. The membranes were probed
with the designated primary and secondary antibodies,
developed using enhanced chemiluminescence (Thermo
Scientific, Waltham, MA, United States), and visualized
using an FCM gel imaging device (Protein Simple, San
Francisco, CA, United States).

incubated for 24 h at 37 ℃ in 5% CO2. After incubation
with different concentrations of Sal B, 10 µL of the
CCK8 reagent was added to each well and incubated for
2 h at 37 ℃. The absorbance at 450 nm was measured
with a microplate reader (Bio-Tek, Hercules, CA, United
States). The mean absorbance values from four wells
after each treatment were used to represent the cell
viability index. The experiments were repeated at
least thrice. Cell viability (%) was obtained as follows:
(treated group absorbance - blank group absorbance)/
(control group absorbance - blank group absorbance)
× 100%.

Protein carbonyl content

The protein carbonyl content (PCC) was assayed
with an Oxyblot kit (Millipore). Briefly, 5 µL of cell
lysates, including 20 µg of protein mixed with 5 µL
of 12% SDS, were supplemented with 10 µL of
2,4-dinitrophenylhydrazine in 2 N HCl for 15 min at
room temperature to derive carbonyl groups from the
protein side chains. Then, the lysates were separated
via 12% SDS-PAGE. Western blotting was performed
using the 2,4-dinitrophenylhydrazine antibody (1:50).
Given the presence of multiple bands, the average
value of all the bands within each lane was used to
provide an overall measure of PCC.

BrdU labelling and immunofluorescence

After growing 4000 cells on a 96-well plate treated
with 10 µmol/L of Sal B for 24 h and with 500 µmol/L
of H2O2 for another 2 h, the medium was changed
to a final concentration of 10 µmol/L of 5-bromo-2deoxyuridine (BrdU; Sigma, St. Louis, MO, United
States) for 24 h at 37 ℃. After fixing with cold 4%
paraformaldehyde for 15 min at room temperature
and washing with phosphate-buffered saline (PBS), the
cells were incubated with 0.2% TritonX-100 for 20 min
to permeabilize the membranes and blocked with 10%
horse serum in PBS. A primary antibody (CST, Boston,
MA, United States) was added at 1:100 dilution to
the blocking solution and incubated at 4 ℃ overnight.
After incubating, a secondary antibody (AlexaTM-594
donkey anti-mouse; Jackson ImmunoResearch, West
Grove, PA, United States) was added at 1:100 dilution
to the blocking solution for 1 h at room temperature.
The cells were labelled with 5 μg/mL of Hoechst 33342
(CST) for 1 h at 37 ℃. BrdU-positive proliferating cells
were expressed as a percentage of the control level.

LysoTracker green or acridine orange staining

A total of 10000 cells were seeded on a 60 mm confocal
plate. After the designated treatments, the cells
were incubated with 75 nmol/L of LysoTracker Green
(Invitrogen, Waltham, MA, United States) or 5 mg/mL
of acridine orange (AO) (Sigma) for 30 min at 37 ℃.
Fluorescence was examined with a confocal microscope,
with the excitation wavelength set at 488 nm. Two
separate emission bands (505-570 nm and 615-754
nm) for AO staining and one for LysoTracker staining
(504-511 nm) were obtained, used simultaneously, and
photographed.

Cytosolic/particulate separation

Annexin V-FITC/propidium iodide (PI) staining with
fluorescence-activated cell sorter (FACS)

Cytosolic/particulate separation was based on the
protocol described in the Cytosol/Particulate Rapid
Separation Kit (BioVision, Milpitas, CA, United States).
Briefly, cells were harvested in 15 mL tubes and
centrifuged at 600 × g for 5 min. The pellets were
resuspended in 40 µL of cell suspension buffer and
mixed with 40 µL of cytosol releasing buffer, including
1 mmol/L of PMSF. The cell suspension was carefully
layered on 500 µL of an oil layer with 40 µL of a
particulate layer at the bottom on ice for 30 s. After
centrifugation at 1400 × g for 1 min, the cytosol
was separated from the membrane particles by the
oil layer and transferred to new tubes. The protein
concentration was used with a BCA total protein assay
kit (Biomiga, San Diego, CA, United States).

Cells treated with 10 µmol/L of Sal B for 12 h or
24 h followed by 2 h with 500 µmol/L of H2O2 were
harvested through trypsinization. After washing with
cold PBS three times, the cells were resuspended
in 100 μL of binding buffer at a density of 1.2 ×
6
10 cells per mL. Then, 5 μL of Annexin V-FITC (BD
Pharmingen, Santiago, CA, United States) and 5 μL of
PI (BD Pharmingen) were added to each sample and
incubated in the dark for 15 min. Fluorescence was
detected immediately after staining by using a flow
cytometer (Ex = 488 nm; Em = 530 nm). The results
were presented as the percentage of cells that were
+
viable (Ann-V /PI ), early apoptotic (Ann-V /PI ), late
+
+
+
apoptotic (Ann-V /PI ), or nonviable (Ann-V /PI ).

Real-time polymerase chain reaction (RT-PCR) analysis

Western blotting

6

Total RNA was isolated from cells (1 × 10 ) by using
the TRIzol reagent (Invitrogen). Equal amounts of
RNA were reverse transcribed into cDNA. The cDNA
was amplified through RT-PCR, and the housekeeping
gene 18S rRNA was used as an internal standard to
quantify the levels of the target mRNA. The cycling

At the end of the designated treatments, 20 μg of
cellular protein was separated via sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to polyvinylidene difluoride membranes
(Millipore, Bedford, MA, United States) blocked with
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were cut into 4 μm thick sections and stained with
hematoxylin and eosin (H and E) staining solution.
The stained sections were subject to visualization of
histopathological changes under a light microscope.

conditions were as follows: hold: 95 ℃ for 10 s;
cycling: 95 ℃ for 5 s, 60 ℃ for 30 s, 40 cycles; and
melt for 65-95 ℃. The nucleotide sequences for the
primers used were as follows: 18S rRNA: Forward:
5’-GTAACCCGTTGAACCCCATT-3’ and Reverse:
5’-CCATCCAATCGGTAGTAGCG-3’; LAMP1: Forward:
5’-GATACAGTGGGGTTTGTGGG-3’ and Reverse:
5’-CTGTCGAGTGGCAACTTCAG-3’.

Liver function and malondialdehyde

Serum alanine aminotransferase (ALT) activity was
assayed according to the recommendations of the
Institute of Biological Products Nanjing Jiancheng
(Nanjing, China). The malondialdehyde (MDA) in the
tissues was determined according to the manufacturer’s
instructions (Cayman, Ann Arbor, MI, United States).

CatB activity

A total of 20 μL of cytoplasmic protein was added to
20 μL of CatB reaction buffer (100 mmol/L of sodium
acetate, 200 mmol/L of NaCl, 4 mmol/L of EDTA, 10
mmol/L of DTT, and 10 mmol/L of Z-RR-AMC) at 37 ℃
for 30 min. The fluorescence released was measured
at 37 ℃ for 10 min using a cytofluorimeter plate reader
with excitation and emission wavelengths of 355 and
450 nm, respectively. The fluorescence increment
value within 10 min was regarded as the relative value
of enzyme activity in 20 µL of cytosol protein. Protein
concentration was assayed by BCA, and CatB activity
in each sample was corrected according to the protein
concentration.

Statistical analysis

All data are presented as mean ± SD. Statistical
analysis was performed using Student’s t-test and
one-way analysis of variance. Statistical significance
was set to P < 0.05. At least three independent
experiments were performed for each condition.

RESULTS
Sal B attenuates H2O2-induced apoptosis/death and
restores the inhibition of proliferation

Animal experiments

Cells were exposed to Sal B at concentrations of 0,
1, 10, 100, 200 and 400 µmol/L for 24 h to assess
the safety of Sal B. The results revealed that Sal B
concentrations from 1 μmol/L to 400 μmol/L were not
cytotoxic to cells (Figure 1A). The inhibition rate of
500 µmol/L of H2O2 in cell viability was approximately
50%. However, Sal B effectively revised H2O2-inhibited
cell viability at different concentrations, ranging from 5
µmol/L to 40 µmol/L (Figure 1B).
As shown in Figure 1C, in the untreated control,
only 3.98% of the cells were late apoptotic cells and
0.45% were dead cells. By contrast, in the H2O2treated group, 19.38% of the cells were late apoptotic
cells and 3.72% were dead cells. This result indicates
an approximately 5-fold increase in the number of
late apoptotic or dead cells in the H2O2-treated group
compared with the untreated control group. After 12 h
of treatment with 10 µmol/L of Sal B and 500 µmol/L
of H2O2, 6.82% of the cells were late apoptotic cells
and 0.92% were dead cells. At the 24 h time point,
5.94% of the cells were late apoptotic cells and 0.75%
were dead cells in the Sal B treatment group. These
results demonstrate that Sal B protected hepatocytes
from H2O2-induced apoptosis and death.
Instead of thymidine, BrdU was incorporated into
the nuclear DNA during the S-phase of the cell cycle
[16]
to evaluate cell proliferation . As shown in Figure
2, after exposure to H2O2, the number of BrdUpositive cells significantly decreased to 50.1% of the
control. However, pretreatment with 10 µmol/L of Sal
B significantly increased the number of BrdU-positive
cells to 68.6% of the control.

All procedures involving animals were reviewed and
approved by the Local Ethics Committee for Animal
Research Studies at Shanghai University of Traditional
Chinese Medicine (IACUC protocol number: 20140911).
The mice were maintained in a specific pathogenfree facility under controlled laboratory conditions
(23 ℃, 12 h light/12 h dark cycle, 50% humidity, and
ad libitum access to food and water) for 2 wk prior to
experimentation, and were treated humanely. Intra
gastric gavage was performed on conscious animals by
using straight gavage needles that were appropriate
for the animal size (20 g of body weight: 22 gauge,
1 inch length, 1.25 mm ball diameter). In total, 24
male BALB/c mice were initially and randomly divided
into four groups: control group (n = 6), CCl4-treated
group (n = 6), Sal B/CCl4-treated group (n = 6), and
N-acetylcysteine (NAC)/CCl4-treated group (n = 6).
Before CCl4 injection, the mice in the control and
CCl4 groups were injected intragastrically with 0.9%
NaCl. The mice in the Sal B/ CCl4-treated and NAC/
CCl4-treated groups were intragastrically administered
with Sal B and NAC at a dosage of 10 mg/kg body
weight and 100 mg/kg body weight, respectively, for 3
d. The mice in the CCl4-treated, Sal B/CCl4-treated, and
NAC/CCl4-treated groups were given intraperitoneal
injections of 5% CCl4 (10 μL/g weight), and the mice in
the control group were intraperitoneally injected with
olive oil (10 μL/weight). All mice were sacrificed on
day 7 of the experiment. The livers were excised, and
samples were obtained for the following investigation.

Hematoxylin and eosin staining

Sal B exerts an anti-oxidative effect

The fresh liver tissue samples were fixed in 10%
formalin and embedded in paraffin. Then, the samples
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Figure 1 Effect of Sal B on apoptosis and death. A: The viability of hepatocytes treated with different concentrations of Sal B for 24 h; B: The viability of
hepatocytes treated with different concentrations of Sal B for 22 h following induction by H2O2 for 2 h; C: The Annexin V/PI assay with FACS. All data are presented as
mean ± SD. Statistical analysis was performed using Student’s t-test (aP < 0.05 vs Con; dP < 0.01 vs H2O2).

CatB and CatD in the cytosol and entire cells were
assessed. The contents of CatB and CatD in the
cytosol increased significantly after exposure to H2O2
compared with that in the control (Figure 5A and C).
By contrast, the content detected in the entire cells
remained unchanged (Figure 5B and D). Sal B and
NAC suppressed cytoplasmic CatB and CatD contents
(Figure 5A-D). The CatB activity in the cytosol
obviously increased with H2O2 treatment. However,
either Sal B or NAC suppressed cytoplasmic CatB
activity (Figure 5E).
AO is a cell-permeable fluorescent dye with a
concentration-dependent fluorescence emission that
ranges from red (when the concentration is high in
the lysozyme) to green (when the concentration is low
in the cytosol). AO is positively charged at a low pH,
which consequently hinders the ability of AO molecules
to cross the vesicular membrane and escape into
the surrounding cytoplasm. In the case of LMP, AO is
released from the lysosomes into the cytosol, where
it emits an enhanced green fluorescence that can be
[18]
monitored by fluorescence microscopy . After the
delivery of H2O2 to the cells, a significant reduction
in red fluorescence was observed, suggesting that
H2O2 induced LMP at the cellular level (Figure 6A and
C). By contrast, Sal B and NAC were associated with
an increase in red fluorescence and concomitant
suppression of green fluorescence compared with the
situation in the H2O2-treated cells (Figure 6A-C).

acids are susceptible to oxidation. Carbonylation is the
most common oxidative alteration of proteins. The
results in Figure 3 demonstrate that the amount of PCC
in cells increased by nearly 2-fold after H2O2 treatment.
However, with or without H2O2, Sal B reduced the
content of PCC in the cells. Evidently, Sal B diminished
the oxidative stress of cells.

Sal B protects the lysosome membrane

LAMP1 is highly expressed in lysosomes, and its
primary localization is at the endosome-lysosomal
[17]
membrane . The results of this study revealed that
LAMP1 mRNA and protein levels significantly decreased
with H2O2 treatment. By contrast, for cells pretreated
with Sal B or NAC, either the LAMP1 mRNA level or
the protein level increased (Figure 4A-C). LysoTracker
green, a lysosomal marker that is selectively retained
in the partially acidic lysosome and reflects lysosomal
[18]
membrane permeability , was used to evaluate the
integrity of the lysosome membrane. The intensity of
green fluorescence decreased with H2O2 treatment.
However, the fluorescence intensity increased with Sal
B pretreatment. NAC was used as a positive antioxidant
and showed a similar result as Sal B (Figure 4D and E).

Sal B antagonizes H2O2-induced LMP and CatB/D leakage

To further investigate whether catalytic enzymes in
the lysosome leaked into the cytosol and caused the
inhibition of cell viability, the content and activity of
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Sal B attenuates lysosomal damage after CCl4-induced
acute liver injury

that in the control group (P < 0.01), although Sal B or
NAC interventions reduced the activity of ALT (P < 0.01)
(Figure 7B).
MDA level has been widely used as a marker of
lipid peroxidation in cells and body fluids in clinical and
[20]
experimental studies . The MDA concentration in the
CCl4-treated group was significantly higher than that in
the control group (P < 0.01). Pretreatment with Sal B
or NAC reduced the MDA levels (P < 0.01) (Figure 7C).
LAMP1 is used as a lysosomal marker and con
tributes to the protection of the lysosomal membrane
and its proteins from hostile constituents, such as
[21]
hydrogen ions and proteases . LAMP1 protein levels
decreased significantly after CCl4 treatment (P < 0.01),

Hematoxylin-eosin staining revealed a normal hepatic
architecture within the clear hepatic lobule and the
absence of dead hepatocytes in the control group of
mice. By contrast, a large area of dead hepatocytes
was observed in the central vein area of the CCl4treated mice. Compared with the CCl4-treated group,
the CCl4 group treated with Sal B or NAC exhibited
improvements in CCl4-associated pathological changes
(Figure 7A). ALT has been used as an index of liver
[19]
injury in clinics and in vivo studies . The mice in the
CCl4-treated group exhibited signs of liver injury. The
ALT activity in these mice was significantly higher than
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and Sal B or NAC pretreatment increased the protein
levels (P < 0.01) (Figure 8A and D).
To further confirm if CCl4 induces liver injury
triggered by lysosomal disintegration, the leakage of
lysosomal enzymes into the cytosolic fractions was
investigated. Surprisingly, the contents of CatB and
CatD in the cytosol increased significantly after CCl4
treatment (P < 0.01), and Sal B or NAC pretreatment
decreased the protein levels (P < 0.01) (Figure 8B and
E). By contrast, the content detected in the entire cells
remained unchanged (Figure 8C and F).

reports have shown that Sal B exerts therapeutic
[28,29]
effects in treating liver fibrosis
. In this study,
the effect of Sal B on H2O2-induced hepatocytes was
investigated in vitro.
CCl4 is a potent hepatotoxicant that is commonly
[30]
used to generate liver injury in animal models . In
hepatocytes, CCl4 is metabolized by cytochrome P450
[31]
to produce highly reactive free radicals . Therefore,
oxidative stress is one of the main mechanisms of
[7]
CCl4-induced liver injury . The present results suggest
that the levels of lipid peroxidation in livers and serum
ALT activity in hepatocytes after cell injury/death
increased after CCl4 treatment. The results of hepatic
histological staining in CCl4-treated mice also showed
large areas of dead hepatocytes.
LAMP1 is a highly glycosylated protein located in
the lysosomal membrane; it controls the integrity of
[21]
the lysosomal membrane . In this study, LAMP1
detected in the livers was low, and CatB and CatD
levels in the cytoplasm increased but were unchanged
in whole tissues after CCl4 treatment. However, after
Sal B treatment, the structure of the liver tissues
returned to normal. Meanwhile, serum ALT decreased,
the levels of lipid peroxidation diminished, and the
levels of LAMP1 were enhanced in the livers. Thus, the
hepatotoxicant effect of CCl4 is attributed to its induction

DISCUSSION
Hepatocytes, which are in charge of the detoxification
of exogenous xenobiotics, drugs, viral infections and
chronic alcoholism, have the largest amount of cells in
the liver. Regardless of etiology (e.g., toxic chemicals,
drugs and virus), hepatocyte injury/death is involved in
all pathological stages of hepatitis, fibrosis, cirrhosis,
[22]
and even liver cancer . Therefore, hepatocytes act as
a common therapeutic target in various liver diseases.
Sal B is a major water-soluble polyphenolic antioxidant
in Radix Salviae Miltiorrhizae and has been extensively
[23-25]
used in clinics in China
. Sal B possesses efficient
[14,26,27]
radical scavengers and antioxidants
. Previous
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of oxidative stress followed by lysosomal membrane
permeabilization, which mediates hepatocyte injury/
death. Sal B protected the livers by interfering with
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Consistent with the in vivo results, H2O2-induced
cytotoxicity is a common method used for measuring
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potential antioxidants. In the in vitro study, treatments
with 500 µmol/L of H2O2 for 2 h induced a decrease in
cell viability, and the rate of inhibition was approximately
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50%. This concentration was used for the subsequent
experiments. After oxidative damage, cell viability
was inhibited, and cell proliferation diminished. Sal B
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cellular injury/death. Oxidative stress causes LMP in hepatocytes, leading to
cellular injury/death. Salvianolic acid B (Sal B) performs anti-inflammatory and
antioxidant functions and elicits protective effects on hepatocytes.

decreased the number of apoptotic and necrotic cells
and restored cell proliferation.
In cultured cells, a large amount of H2O2 diffuses
[32-34]
into the lysosome and results in LMP
, which is
attributed to the reduced H2O2-induced expression
[35]
[36,37]
of LAMP1 . Upon LMP, hydrolytic enzymes
and
[38,39]
protons
in the lysosomes are released into the
cytoplasm, resulting in acidification and triggering
[40]
lysosome-induced cell death
Hepatocyte death
is accompanied by an increase in LMP in acute liver
[41]
injury . According to the cell type and dosages of
the inducing factors, lysosomal apoptosis or necrosis
[42]
occurs . Cathepsins, including CatB and CatD,
exhibit catalytic activity for a few hours even under
[43]
near-neutral pH conditions . CatB leakage from the
[44,45]
lysosomes is also associated with apoptosis
.
The current study found that the levels of CatB
and CatD in the cytoplasm increased considerably
after exposure to H2O2 for 2 h. The activity of CatB
in cytoplasm increased and reached nearly 2.5-fold.
Meanwhile, the results of LysoTracker and AO staining
confirmed that LMP occurred during H2O2 treatment.
After Sal B treatment, the levels of CatB/D and CatB
enzyme activity in cytoplasm decreased, and the
fluorescence intensity of LysoTracker and AO in the
lysosome was enhanced. Thus, leakage of lysosome
contents was improved, lysosome membrane integrity
was protected, and cell injury/death was inhibited.
NAC is a sulfhydryl donor antioxidant that
[46]
contributes to the regeneration of glutathione
and
commonly used as a positive antioxidant control.
(-)-epigallocatechin-3-gallate (EGCG) promotes the
production of intracellular ROS upstream of LMP and
cell death, and NAC protects against EGCG-mediated
[47]
LMP by decreasing the level of ROS . Bxpc3 cell death
is also involved in LMP and oxidative stress, which is
[21]
protected against by NAC . In the present study,
the content of CatB/D and CatB enzyme activity in
the cytosol after NAC treatment showed a significant
decrease compared with that in the H2O2 treatment
group. The fluorescence intensity of LysoTracker Green
and the LAMP1 level in the cells treated with NAC
increased. These results show that NAC protected
hepatocytes from H2O2-induced apoptosis and death by
inhibiting LMP. The effects of NAC were similar to those
of the antioxidant Sal B.
In sum, Sal B protected the integrity of the
lysosomal membrane by up-regulating the expression
of LAMP1, which reduced CatB/D leakage into the
cytosol and protected hepatocytes from death.

Research frontiers

Lysosomes filled with more than 50 soluble acid hydrolases are the cellular
recycling center and play an important role in cells. Upon LMP, the leakage of
enzymes from lysosomes into cytosol causes cellular injury/death. Hepatocytes
are the most frequent cells in the liver and the target of oxidative stress, and
the resulting injury/death is involved in all liver diseases. Herein, hepatocytes
served as a target of therapy.

Innovations and breakthroughs

Upon H2O2 attacking, the expression of LAMP1 was significantly decreased
and destroyed the integrity of the lysosome membrane in hepatocytes
and contributed to cellular injury/death. Sal B elicits protective effects on
hepatocytes by scavenging reactive oxygen species and enhancing LAMP1
expression.

Applications

Sal B can protect lysosome membrane integrity by diminishing oxidative
stress and can elicit a protective effect on hepatocytes. This study provided a
theoretical basis for the clinical application of Sal B to treat liver diseases.

Terminology

LMP is the leakage of lysosome contents due to the destruction of lysosome
membrane integrity and causes cell injury/death. Sal B is a major water-soluble
polyphenolic antioxidant in Radix Salviae Miltiorrhizae and also elicits protective
effects on hepatocytes.

Peer-review

The paper is very interesting. Moreover, whereas the authors target the effect
of Sal B on the protection of the integrity of the lysosomal membrane by
upregulating the expression of LAMP1, via reduction of cathepsin B/D leakage
into the cytosol, and protects hepatocytes from apoptosis.
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Abstract
AIM
To clarify the mechanisms of connexin 32 (Cx32)
downregulation by potential transcriptional factors (TFs)
in Helicobacter pylori (H. pylori )-associated gastric
carcinogenesis.
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METHODS
Approximately 25 specimens at each developmental
stage of gastric carcinogenesis [non-atrophic gastritis,
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chronic atrophic gastritis, intestinal metaplasia, dysplasia
and gastric carcinoma (GC)] with H. pylori infection
[H. pylori (+)] and 25 normal gastric mucosa (NGM)
without H. pylori infection [H. pylori (-)] were collected.
After transcriptional factor array analysis, the Cx32
and PBX1 expression levels of H. pylori -infected tissues
from the developmental stages of GC and NGM with
no H. pylori infection were measured by real-time
polymerase chain reaction (RT-PCR) and Western
blot analysis. Regarding H. pylori -infected animal
models, the Cx32 and PBX1 mRNA expression levels
and correlation between the gastric mucosa from 10
Mongolian gerbils with long-term H. pylori colonization
and 10 controls were analyzed. PBX1 and Cx32 mRNA
and protein levels were further studied under the H.
pylori -infected condition as well as PBX1 overexpression
and knockdown conditions in vitro .

Liu XM, Xu CX, Zhang LF, Huang LH, Hu TZ, Li R, Xia XJ, Xu
LY, Luo L, Jiang XX, Li M. PBX1 attributes as a determinant of
connexin 32 downregulation in Helicobacter pylori-related gastric
carcinogenesis. World J Gastroenterol 2017; 23(29): 5345-5355
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i29/5345.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i29.5345

INTRODUCTION
The development of gastric cancer is generally con
ceptualized as a gradual altering process subsequent
to genetic susceptibility, carcinogens, and Helicobacter
pylori (H. pylori) infection. H. pylori causes chronic
gastritis and gastric ulcer, and its chronic infection greatly
[1]
accelerates the process towards gastric carcinoma .
It has been widely suggested that inflammation with
H. pylori infection triggers gastric carcinogenesis
through an “inflammation-carcinoma chain” [nonatrophic gastritis (NAG) → chronic atrophic gastritis
(CAG) → intestinal metaplasia (IM) → dysplasia (DYS)
[2]
→ gastric carcinoma (GC)] . CAG and IM are dynamic
inflammatory processes that might be prone to severe
histopathologic changes over time if left unchecked.
Intercellular communication mediated by gap
junctions is known as an indispensable mechanism
for maintaining tissue homeostasis. This type of com
munication, composed of protein subunits known as
connexins (Cxs), is the only means by which small
[3]
substances (< 1 kDa) flux between adjacent cells .
Connexins are expressed in specific and overlapping
patterns, whose inhibition or dis-integrity has been
virtually found in cancer cells and in cells clearly ex
[4]
pressing oncogenes . The gap junction protein
connexin 32 (Cx32, an estimated molecular mass of 32
kDa), encoded by the gap junction protein β1 gene, is
expressed abundantly in mammalian gastric epithelium
and defines cell-specific patterns of gap junctional
intracellular communication (GJIC). Cx32 in mature
mucosa appears to form a critical path of biological
functions by directly potentiating the cells to cooperate
electrically or metabolically. The heteromeric gap
junction channels such as Cx26/Cx30 might be similar
to Cx32 gap junction channels. Despite the similar
function of Cx proteins found in specific tissues such
[5,6]
as the liver and cochlea , to date, no evidence has
shown that other Cx proteins could compensate for the
loss of gastric epithelial Cx32. The expression levels
of Cx32 were found to be significantly lower in human
adenocarcinomas than in the normal stomach, agreeing
with our previous finding that gastric carcinoma cells
[7]
do not contain detectable Cx32 protein . The altering
localization of Cx32 expression from cytomembrane
to the cytoplasm was found in gastric cancer cells
[8]
compared with normal gastric epithelium . The loss of
Cx32 expression and membrane localization in human
gastric cancer was further found to be related to the
degree of tumor cell differentiation with unrestricted

RESULTS
Incremental PBX1 was first detected by TF microarray
in H. pylori -related gastric carcinogenesis. The identical
trend of PBX1 and Cx32 expression was confirmed in
the developmental stages of H. pylori -related clinical
specimens. The negative correlation of PBX1 and
Cx32 was confirmed in H. pylori -infected Mongolian
gerbils. Furthermore, decreased PBX1 expression was
detected in the normal gastric epithelial cell line GES-1
with H. pylori infection. Enforced overexpression or
RNAi-mediated knockdown of PBX1 contributed to the
diminished or restored Cx32 expression in GES-1 and
the gastric carcinoma cell line BGC823, respectively.
Finally, dual-luciferase reporter assay in HEK293T cells
showed that Cx32 promoter activity decreased by 30%
after PBX1 vector co-transfection, indicating PBX1 as
a transcriptional downregulator of Cx32 by directly
binding to its promoters.
CONCLUSION
PBX1 is one of the determinants in the Cx32 pr
omoter targeting site, preventing further damage of
gap junction protein in H. pylori -associated gastric
carcinogenesis.
Key words: Helicobacter pylori ; inflammation-carcinoma
chain; Connexin 32; PBX1; carcinogenesis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this paper, we first report on the increasing
tendency of transcriptional factor PBX1 in response
to Helicobacter pylori (H. pylori ) infection. This is sig
nificant because H. pylori is the predominant factor of
gastric carcinoma, and the enhanced PBX1 expression
in epithelial cells was first revealed as a marker of H.
pylori -associated gastric carcinogenesis. Moreover,
PBX1 transcriptionally downregulates the expression
of connexin 32, which is vital to epithelial cell-cell
communication, indicating an anti-cancer target that
prevents the accumulation of PBX1 in the presence of H.
pylori infection.
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[9]

growth control .
Although reduced or abolished Cx32 is the most
common reporter in gastric carcinogenesis events, a
better understanding of its expressing tendency and
neoplastic transformation subjected to H. pylori chronic
[10]
infection is needed . The inhibited Cx32 expression
was first reported to be associated with CagA-positive
[11]
H. pylori infection . Moreover, our previous in vivo
studies confirmed significantly lower Cx32 expression
in the H. pylori-infected Mongolian gerbil than in the
mucosa with the same stage in the “inflammationcarcinoma” chain, paving the way to further study how
[12]
H. pylori accelerates gastric carcinogenesis .
Cxs function with high turnover rates with halflives of 1.5-5 h, and the kinetics of Cx32 is largely
[13]
dependent on its transcriptional regulation . Acc
umulating evidence has shown multiple binding sites
of transcriptional factors (TFs) in the promoter of
Cx32 (TFSEARCH, version 1.3). In the present
study, we collected gastric mucosal samples from
patients with an H. pylori-infected “inflammationcarcinoma chain” and analyzed the expression levels
of TFs. The homeodomain transcription factor PBX1
(Pre-B-cell leukemia transcription factor 1) was
considerably upregulated following H. pylori-associated
carcinogenesis. Further studies delineated PBX1related transcriptional activity, which might account for
Cx32 downregulation, thereby proposing a prominent
mechanism of altered Cx32 in the progression of H.
pylori-related gastric carcinogenesis.

Table 1 Gender, age (mean ± SD) and disease duration
(median) of cases at each stage

NGM no H. pylori infection
NAG with H. pylori infection
CAG with H. pylori infection
IM with H. pylori infection

24
25
25

F

Age

Duration (yr)

12

13

40.00 ± 9.16

0.17 (0.02-2)

13

(21-55)
11 39.08 ± 8.85

0.71 (0.01-7)

14

(17-61)
11 50.52 ± 6.42

3 (0.08-7)

13

(39-66)
12 54.04 ± 11.40

4 (0.17-8)

DYS with H. pylori infection

24

11

(38-76)
13 51.67 ± 10.03 2.5 (0.17-27)

GC with H. pylori infection

25

11

(31-67)
14 58.76 ± 9.94

0.25 (0.08-2)

NGM: Normal gastric mucosa; NAG: Non-atrophic gastritis; CAG:
Chronic atrophic gastritis; IM: Intestinal metaplasia; DYS: Dysplasia; GC:
Gastric carcinoma.

acids (HyClone, Logan, UT, United States) at 37 ℃ in an
incubator containing 5% CO2 with a certain humidified
atmosphere and was passaged with 0.25% trypsin.
H. pylori was added at an H. pylori/GES-1 cell ratio of
35:1.

Clinical/animal tissue collection

Clinical specimens of the gastric antral mucosa
were obtained from a total number of 4190 patients
who underwent gastroscopy and were diagnosed
at the Third Xiangya Affiliated Hospital of Central
South University from August 2012 to August 2014.
All included patients had signed written informed
consent for the use of materials. Six specimens at the
developmental stages of carcinogenesis (NAG, CAG,
IM, DYS and GC) with H. pylori infection [H. pylori
(+)] and five normal gastric mucosa (NGM) specimens
without H. pylori infection [H. pylori (-)] were analyzed
by transcriptional factor array. Additionally, 15 tissue
specimens from CAG and GC with H. pylori infection
and NGM without H. pylori infection were subjected
to quantitative real-time polymerase chain reaction
(RT-PCR) analysis, and another 15 specimens from
CAG, IM, and GC tissues with and without H. pylori
infection and NGM tissue without H. pylori infection
were subjected to Western blot analysis. Endoscopic
and pathological diagnosis was performed according to
[12]
criteria depicted in our previous study . Table 1 shows
the clinical characteristics of the study population.
Regarding animal tissues, the experimental protocol
was approved by the ethics committee of the hospital.
Twenty male Mongolian gerbils were divided randomly
into an experimental group and a control group.
After 24 h of fasting for all gerbils, the experimental
group was inoculated with H. pylori (East-Asian type
+
CagA from GC patients) by intragastric gavage
once every two days for a week, and the control
group was inoculated with saline. Forty-eight weeks
after intragastric gavage, the gerbils were sacrificed,

+

The malignant H. pylori (East-Asian type CagA ) used
in this research was isolated from gastric carcinoma
patients during gastroscopy and was grown on
Columbia blood agar plates supplemented with
antibiotics (10 mg/L vancomycin, 5 mg/L cefsulodin,
5 mg/L amphotericin, 5 mg/L trimethoprim and 10%
sheep blood (Bianzhen Biotech, Nanjing, China) at
37 ℃ under microaerophilic conditions (5% O2, 10%
CO2 and 85% N2) for 3-4 d. Next, H. pylori, which
was in the early log phase with good motility and
activity for subculture or intervention, was scraped and
resuspended in PBS (with calcium). The concentration
of H. pylori was analyzed by measuring the optical
8
density of 1 × 10 colony-forming units at 600 nm.

Cell culture and cell/bacterial co-culture

The human gastric epithelial cell line GES-1 and poorly
differentiated human gastric cancer cell line BGC823
were purchased from Bogu Biotech (Shanghai, China).
All cells were maintained in high-glucose (4.5 g/L)
Dulbecco’s modified Eagle’s medium supplemented
with 10% fetal bovine serum, 100 U/ml penicillin,
100 μg/ml streptomycin, 15 mmol/L HEPES (pH 7.4),
2 mmol/L L-glutamine, and 1% non-essential amino
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and their gastric antrum tissues were collected and
maintained in liquid nitrogen immediately for further
detection. All gerbils were dieted with the same food
and sterile water.

Western blotting substrate (Bio-Rad).

Transcriptional factor/DNA array

Cx32 promoter (-2000 bp) sequences (H. sapiens)
[14]
were downloaded from UCSC . The candidate
transcriptional factor binding sites of the Cx32 promoters
were predicted with TFSEARCH (http://www.cbrc.
[15]
jp/research/db/TFSEARCH.html) . Nuclear extracts
of gastric mucosal biopsies were subjected to the
TranSignal™ Protein/DNA Array (Panomics, Redwood
City, CA, United States) according to the manufacturer’
s instructions. In short, biotin-labeled DNA-binding
oligonucleotides (TranSignal™ Probe Mix) were
incubated with 10 μg of nuclear extract at 15 ℃ for 30
min to form transcription factor/DNA complexes. These
complexes were then separated from the free probes
by 2% agarose gel electrophoresis in 0.5 × TBE at
120 V for 15 min. The probes in the complexes were
released, ethanol-precipitated, and hybridized to the
TranSignal™ Protein/DNA Array. The detection of signals
was obtained using an enhanced chemiluminescence im
aging system.

Detection of PBX1 and Cx32 by RT-PCR and Western
blot

Total RNA was isolated from cells, clinical specimens,
and Mongolian gerbil gastric tissues according to the
manufacturer’s instructions using the RNeasy Mini kit
(Invitrogen, Life Technologies, Carlsbad, CA, United
States). The cDNA was synthesized using random
primers and M-MLV reverse transcriptase (Qiagen) with
the removal of genomic DNA contamination by DNaseI
treatment (Qiagen, Valencia, CA, United States). Realtime PCR reactions were performed using the MyiQ
Single Color Real-time PCR Detection system (Bio-Rad,
TM
Hercules, CA, United States), the iScript two-step RTPCR kit with SYBR Green (Invitrogen) and gene primers
(PBX1: forward: 5’-AAAGGAGATTGAGCGGATGGT-3’,
reverse: 5’-GGGTAAGGGTTGCTGAGATGG-3’;
Cx32: forward: 5’-GGATGCTCCGACAGCGTCTC-3’,
reverse: 5’-GCCCTCTGCTCCTCTTACCC-3’; Cx32:
forward: 5’-ATGAACTGGACAGGTTTGTAC-3’, reverse:
5’-ATGTGTTGCTGGTGCAGCCA-3’). The Ct values
were normalized to those of β-actin (forward:
5’-GGCTGTGGAGACAAAAATGACCTC-3’, reverse:
5’-AGGCTTGGGCTTGAATGGAGTC-3’).
The PBX1 or Cx32 protein levels were analyzed
using Western blot; however, the gastric antrum
tissues from the Mongolian gerbil were not analyzed
due to the lack of specific antibodies. The cells
and clinical specimens were washed twice with
PBS (with calcium) and then homogenized in RIPA
lysis buffer (150 mmol/L NaCl, 1% NP-40, 0.5%
deoxycholic acid, 0.1% SDS, 50 mmol/L Tris at pH
8.0) containing protease, phosphatase inhibitors
and phenylmethylsulfonyl fluoride (all from Sigma,
St Louis, MO, United States). Following sonication
and centrifugation at 14000 g for 10 min at 4 ℃, the
supernatant (soluble proteins) was collected. The
protein concentration of each sample was determined
using a protein assay kit (Pierce, Rockford, IL, United
States). The samples were denatured in loading
buffer. Equivalent amounts of proteins were separated
by SDS-PAGE and transferred onto nitrocellulose
membranes (Millipore, Billerica, MA, United States).
After incubation with antibodies specific for PBX1
(Santa Cruz, Dallas, TX, United States; diluted 1:200),
Cx32 (Proteintech, Chicago, IL, United States; diluted
1:500), β-actin (Proteintech; diluted 1:4000), calnexin
(Cell Signaling, Danvers, MA, United States; diluted
1:10000), and tubulin (Cell Signaling; diluted 1:10000)
at 4 ℃ overnight, the membranes were incubated
with a horseradish peroxidase-conjugated secondary
antibody (1:5000, Jackson Immuno-Research, West
Grove, PA, United States). The membranes were then
visualized using the enhanced chemiluminescence

WJG|www.wjgnet.com

Transfection

Three RNAi target sequences were selected according
to stealth RNAi of the human PBX1 mRNA (Accession
No. NM_001142077.1). The sequences of the
synthesized oligonucleotides were as follows: siRNA-1:
sense 5’-ACAAUCAACACCGUCAUUGAG-3’, antisense
5’-CUCAAUGACGGUGUUGAUUGU-3’; siRNA-2:
sense 5’-AAAGGAAAAGGCUCAAACCCC-3’, antisense
5’-GGGGUUUGAGCCUUUUCCUUU-3’; siRNA-3:
sense 5’-UAAGAAUCCCCAUUGAGUGAC-3’, antisense
5’-GUCACUCAAUGGGGAUUCUUA-3’. Lipofectamine
reagent (Invitrogen) was used to transfect synthesized
Stealth RNAi against PBX1 into BGC823 cells, and
the negative control duplexes were delivered into
BGC823 cells as well. BLOCK-iT Alexa Fluor Red
Fluorescent (Invitrogen) was used to confirm the
transfection efficiency of each duplex siRNA. Regarding
PBX1 overexpression, the full-length human PBX1 3’
untranslated region and coding sequence region were
amplified by PCR and cloned into the pcDNA™3.1(+)
plasmid (GenePharma Inc. Shanghai, China), followed
by transfection into GES-1 cells according to the
manufacturer’s instructions.

Plasmid construction and dual-luciferase assay

The pGL3 Basic vector containing the entire se
quence of the Cx32 promoter was a kind gift from
Yingrun Biotechnology (Changsha, China), and
no mutation was previously confirmed by DNA
sequencing. To validate the PBX1 binding sites in
the Cx32 promoters, PBX1 cDNA was amplified
by PCR using the BamH Ⅰ and EcoR Ⅰ digestion
sites in the pDoubleEx-EGFP plasmid (sense, 5’
-CGGGATCCGCCACCATGGACGAGCAGCCCAGG
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Figure 1 Comparison of PBX1 and connexin 32 expression among developmental stages of Helicobacter pylori-associated gastric carcinoma
in clinical specimens. Quantitative RT-PCR analysis of PBX1 (A) and Cx32 (B) in H. pylori (-) NGM and H. pylori (+) CAG and GC patients (n = 15). C:
Representative images of the PBX1 and Cx32 protein levels in H. pylori (-) NGM and H. pylori (-/+) CAG, IM and GC tissues. bP < 0.01, eP < 0.001. NGM: Normal
gastric mucosa; CAG: Chronic atrophic gastritis; GC: Gastric cancer; IM: Intestinal metaplasia.

CTGAT-3’; antisense, 5’GGAATTCTCAGTTGGAGGTA
TCAGAGT-3’). The constructed CX32-pGL3 Basic and
pDoubleEx-EGFP-PBX1 vectors were co-transfected
into HEK293T cells. The firefly and Renilla luciferase
activities in the cell lysates were triplicated and
determined using a dual-luciferase assay system
(Promega), and the normalized ratio of the Renilla/
firefly reflected the expression activity.

the gastric inflammation-carcinoma chain; and (2) a
remarkable change with clinical significance between
any two successive stages (> 2-fold or < 0.5-fold). It
was previously shown by TF microarray that PBX1 is
rarely found in H. pylori (-) NGM, but its accumulation
is initiated in H. pylori (+) NAG and CAG, enriched in
[16]
IM and DYS, and highest in GC tissues . H. pylori
infection accounting for stimulated PBX was, for the
first time, based on the comparison between each
single-stage exposure to H. pylori and NGM. Moreover,
because CAG is widely accepted as the initiating phase
of gastric precancerous lesions, further amounts of
PBX1 shown above could be counted as the molecular
event involved in gastric epithelial neoplasia. PBX1
malignancy was first classified as showing gastric epi
thelial specificity given the continuous high expression in
IM, DYS and GC.
The pertinent roles of incremental PBX1 in the H.
pylori-related gastric epithelial inflammation-carcinoma
chain were further investigated. Consistent with the
TF microarray results, enriched PBX1 mRNA was timedependently subjected to H. pylori (Figure 1A, p <
0.001) and showed the opposite tendency towards
Cx32 mRNA levels in the same samples (Figure 1B,
p < 0.01). PBX1 and Cx32 protein levels in typical
specimens from H. pylori (-) NGM, H. pylori (-/+) CAG,
IM and GC demonstrated that PBX1 upregulation and
Cx32 inhibition were associated with GC progression
as well as the presence of H. pylori (Figure 1C). It
was conceivable that the accelerated PBX1 activation

Statistical analysis

Statistical analyses were performed using the
Statistical Package for Social Sciences software 12
(SPSS Inc., Chicago, IL, United States). All data are
expressed as mean ± SD. Multiple-group comparisons
were characterized using one-way analysis of variance
(ANOVA) with Dunnett’s multiple comparison tests.
Two-sided t-tests and Spearmen’s correlation test were
applied to determine the correlations between groups,
and a value of P < 0.05 was considered statistically
significant.

RESULTS
Upregulated PBX1 but downregulated Cx32 is confirmed
along with H. pylori-associated gastric carcinogenesis
in clinical specimens
Comparison of H. pylori (-) NGM and H. pylori (+)
NAG, CAG, IM, DYS and GC tissues revealed the
increased expression of PBX1 as follows: (1) a
consistent trend of endogenous expression along
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Figure 2 Effects of Helicobacter pylori infection on PBX1 and connexin 32 expression in GES-1 cells. Quantitative RT-PCR analysis of PBX1 (A) and Cx32 (B)
in GES-1 cells with 24- and 48-h H. pylori infection; C: Western blot analysis of PBX1 and Cx32 protein levels in GES-1 cell under 24- and 48-h H. pylori infection. bP
< 0.01, eP < 0.001.

and inhibited Cx32 were synchronous with gastric
carcinoma progression.

overlapping structure and biological function among
them, we additionally addressed specific functions
in PBX1 attenuation studies. The relatively enriched
PBX1 was previously found in the poorly differentiated
gastric adenocarcinoma cell line BGC-823 (data not
shown); thus, these monolayers were subjected
to PBX1 silencing (siRNA-1, siRNA-2 and siRNA-3)
as the downregulated PBX1 mRNA (Figure 3C, p <
0.001). Restoration of the Cx32 mRNA (Figure 3D, p
< 0.01) and protein levels (Figure 3E) supported the
ameliorated Cx32 expression in GC cells subsequent
to PBX1 suppression. It is tempting to speculate that
H. pylori-mediated Cx32 disruption and gap junctional
functions could be alleviated by restraining further
PBX1 activation.
Given the inverse trends of Cx32 expression upon
enforced PBX1 changes, we next explored how
PBX1 transcriptionally regulates the Cx32 gene
using the dual-luciferase reporter assay. The PBX1overexpressing plasmid (pDoubleEx-EGFP-PBX1, see
vector map in Supplemental Figure 1) without any
mutation (sequence alignment in Supplemental Figure
2) and Cx32 promoters were successfully transfected
into HEK293T cells (Supplemental Figure 3). The
activity of the wild-type Cx32 promoter reporter
was reduced by approximately 30% shortly after
pDoubleEx-EGFP-PBX1 co-transfection (Figure 3F; p
< 0.001), suggesting that PBX1 reduced the Cx32

H. pylori triggers PBX1 augmentation and Cx32
inhibition in vitro

Dramatic elevation of PBX1 mRNA expression was
found after 24 h co-cultures of H. pylori and GES-1
cells, and this enrichment was maintained for 48 h
(Figure 2A, p < 0.01). The expected time-dependent
Cx32 mRNA decrease (Figure 2B, p < 0.001) was in
accordance with the malfunction of GJIC revealed by
the Scrape-loading and dye transfer technique (SLDT,
data not shown). The increased PBX1 protein levels, as
well as decreased Cx32 protein levels, were detected
with prolonged time (Figure 2C), which is consistent
with a previous report that H. pylori infection is co
[17]
rrelated with GJ inhibition . These findings verified a
significant stimulatory effect of short-time H. pylori on
the gastric mucosa even in low-infectious titers.

PBX1 downregulates Cx32 by binding to its promoters

The increased PBX1 was accompanied by decreased
Cx32 upon H. pylori infection as mentioned above. It
was confirmed that the PBX1 overexpression in GES-1
cells (Figure 3A, p < 0.001) considerably reduced the
Cx32 expression (Figure 3B, p < 0.001). Given that
other PBX family proteins theoretically compensate for
the endogenous PBX1 alteration if there are indeed
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Figure 3 PBX1 negatively regulates connexin 32 by directly binding to its promoters. Quantitative RT-PCR analysis of PBX1 (A) and Cx32 (B) levels in GES-1
cells enforced with the PBX1 overexpressing (OE) vector and transfected with a negative control (NC) vector. Quantitative RT-PCR analysis of PBX1 (C) and Cx32
(D) levels in human adenocarcinoma BGC823 cells treated with a scrambled control, PBX1 siRNA-1, PBX1 siRNA-2, and PBX1 siRNA-3. E: PBX1 and Cx32 protein
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activity by binding to its promoters.

infection, 17 manifested with erosion, hemorrhage,
edema, hyperemia, and food retention macroscopically.
As for the pathological sections, 4 were unchanged, 12
were non-atrophic gastritis (7 with mild inflammation,
4 with moderate inflammation, and 1 with severe
inflammation), 3 were atrophic gastritis, and 2 were
intestinal metaplasia. Alternatively, no inflammatory
status were found in the control group (Figure 4D).
The lack of MGs-specific antibodies hindered the

PBX1 enrichment and Cx32 inhibition are found in H.
pylori-infected Mongolian gerbils

The augmented PBX1 and inhibited Cx32 mRNA levels
in H. pylori (+) antral tissues were detected (Figure
4A and B) compared with the control group, showing
an inverse correlation between PBX1 and Cx32
(Figure 4C). Among 21 gerbils with 48-week H. pylori
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further test of PBX1 and Cx32 protein expression. But
overall, these in vivo data strengthened the PBX1 and
Cx32 tendencies in gastric mucosa models.

remain unidentified. One of our previous studies con
firmed the augmented transcriptional factor GATA-3 in
H. pylori-related GC occurrence, and GATA-3 enables
the Cx32 transcriptional downregulation by directly
binding to its promoters; these results are in line
with the sequence prediction using a bioinformatics
[18]
approach . These observations raise the possibility
that the emerging transcriptional factors directly
regulate Cxs genes that participate in key pathways
related to gastric oncogenesis.
PBX1 is a well-established transcriptional factor
in the self-renewal of hematopoietic stem cells and
participates in reprogramming lineage-committed
[19,20]
blood cells into hematopoietic stem cells
. Studies
in mice have suggested that PBX1 may be involved

DISCUSSION
Studies of gap junction proteins during the progression
of gastric epithelial carcinogenesis have provided us
with remarkable insights into various outcomes of
host-bacterial interactions. Reduced or absent Cx32
expression has been implicated in the entire process
of H. pylori-associated gastric carcinogenesis, one
[12]
mechanism of which is promoter methylation . Mean
while, a growing number of transcriptional factors
involved in Cx32 regulation for a potential pathway
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in the regulation of osteogenesis, and it is required
for skeletal, neuronal, pancreatic island, spleen,
and urogenital tract patterning by binding to known
[20-23]
regulatory regions of growth-related genes
.
In human cancer, PBX1 was first referred to as a
translocated proto-oncogene in leukemia, and the
translocated gene product (together with the TCF3/
[24,25]
E2A gene) was shown to have oncogenic potential
.
Its hematopoietic malignancy was partly addressed
by the signaling networks, including those of the E2APBX1 target genes ZAP70, SYK, and LCK that encode
kinases upstream of PLCγ2; particularly, PBX1 plays
[26]
an oncogenic role in pre-B-ALL . Furthermore,
PBX1 is highly expressed in solid tumors, including
[27-30]
melanoma, prostate, ovarian, and breast cancers
.
For instance, PBX1 has been identified as an effector
in the NOTCH3 signaling pathway in ovarian cancer
and is strongly related to a high extent of prostate
cancer from TF microarray analysis and is known
to be positively correlated with multiple epithelial
malignancies through regulation of the PI3K/Akt
[28,31]
pathway
.
The in silico analysis of the Cx32 promoter sequence
data demonstrated that PBX1 may act as an upstream
molecular hub by directly regulating Cx32. We report
here that PBX1 is a critical transcriptional regulator
required for Cx32 expression. At the tissue level,
PBX1 is upregulated significantly compared with the
matched stages in non-H. pylori infected tissues, and
its upregulation is associated with a less favorable
prognosis in patients. Moreover, the high affinity of
PBX1-Cx32 transcriptional regulation was confirmed
by luciferase reporter assay. These findings established
a novel but determinant role of PBX1 in the event of
reduced Cx32 along the development of H. pylorirelated gastric carcinogenesis and provide a molecular
basis for targeting PBX1 or its downstream effectors to
overcome the inflammation-carcinoma progression.
The association between PBX1 expression and
development of cell neoplasia suggests that the
PBX1 pathway is potentially actionable for targetbased therapy. In fact, PBX1 orchestrates multiple
functional networks, and additional PBX1-regulated
signaling pathways are yet to be discovered. A
direct strategy employing a combination of PBX1
antagonists and chemotherapeutic agents may at least
offer a better intervention to delay tumor advancement
and recurrence. Another feasible rationale is to target
downstream effectors of PBX1 such as JAK2/STAT3 (JAK2,
a tyrosine kinase that directly phosphorylates and
activates STAT3) that leads to transcriptional activation
of various STAT3-regulated genes that work in concert
[30]
to promote tumor progression . Similarly, E2A-PBX1
notably expands progenitor B-cell subpopulations
in pre-leukemic mice, increasing penetrance and
shortening leukemia latency accompanied most notably
by JAK/STAT activation, which is required for leukemia
[32]
cell proliferation . It was recently reported that PBX1
acts directly on the STAT3 promoter to induce STAT3
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transcription. More intriguingly, STAT3 is responsible
[30]
for all PBX1-mediated phenotypes . Further
efforts are needed to illuminate the mechanisms
through which PBX1 is reactivated or its network
reprogrammed in response to challenges in the tumor
environment, such as experiencing inflammation or
under pathogen invasion. Cx32 has a strong tumorsuppressive effect on multiple cancer cell lines via
[33,34]
various pathways
. A previous study considers
Cx32 as a tumor suppressor gene in a renal carcinoma
(Caki-1 cell) since this tumor-suppressive effect partly
[35]
depends on the inhibited Src-Stat3-VEGF signaling .
Overall, our data largely illustrate the sequential up/
downstream relationship between PBX and Cx32,
revealing a “convenient access” to Cx32 regulation
independent of intermediate networks such as STAT3.
It would be meaningful to further study potential
crosstalk between these signaling pathways.
Collectively, H. pylori retarded gap junction function
by reducing Cx32 expression, expediting gastric
cancerous susceptibility. TF screening shows that PBX1
activation is one of novel events of H. pylori-related
gastric carcinogenesis. A global view of increasing
PBX1 is presented in H. pylori-associated clinical
specimens, gastric epithelial cells and Mongolian
gerbils. The reversed regulating trend of Cx32 by PBX1
presumably presents an approach for the restoration
of Cx32 in precancerous lesion tissues. Apart from
binding directly to the Cx32 promoter, the research
direction of PBX1 in gastric epithelial cells is challenging
but warrants further investigation. PBX1 would be a
crucial mediator that unravels H. pylori-dependent
microenvironment and the gastric inflammationcarcinoma chain. It could be expected that the PBX1Cx32 targeting site sheds light on preventing further
damage by H. pylori chronic infection.

COMMENTS
COMMENTS
Background

Helicobacter pylori (H. pylori) infection has been widely suggested to
accelerate gastric carcinogenesis through an “inflammation-carcinoma chain”.
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(GCs). Cx32 abnormality is a crucial molecular event for loss of gap junctional
functions. The changing expression patterns of transcriptional factors (TFs)
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work. It is intriguing that PBX1 downregulates Cx32 expression by directly
binding to its promoters, and inhibition of PBX1 leads to Cx32 upregulation,
indicating PBX1 as a promising anti-cancer target.
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Applications

This study showed increased PBX1 expression during gastric carcinogenesis
stages with H. pylori infection that is largely responsible for Cx32 down
regulation. It is therefore expected that Cx32 inhibition could be somehow
reversed by treating against potential TFs, which provides new insights for H.
pylori-related GC therapy.
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Abstract
AIM
To analyse the association between isoflavone intake
and ulcerative colitis motility symptoms in individuals in
remission.

Informed consent statement: All the participants provided
written consent to participate in the study.
Conflict-of-interest statement: The authors declare no conflict
of interest.

METHODS
Cross-sectional study was conducted in a group
of ulcerative colitis remission individuals, in subgroups characterised by various intestinal motility and
functioning characteristics (abdominal pain, flatulence,
constipations, tenesmus). Total of 56 individuals with
ulcerative colitis in remission (19 males and 37 females)
were recruited for the study. Assessment of diet was
based on self-reported data from each patient’s dietary

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
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records taken over a period of three typical, random
days (2 weekdays and 1 d of the weekend). The daily
isoflavone intake (daidzein, genistein, glycitein and
total isoflavones) and daily isoflavone intake per 1000
kcal of diet were assessed.

INTRODUCTION
In spite of the fact, that nutritional support and therapy
in inflammatory bowel diseases guidelines is indicated,
[1]
as an element of the high-quality clinical care , the
diet therapy is applied by only 10% of patients with
[2]
inflammatory bowel disease . It is associated with the
fact, that there is little evidence, indicating, that diet
[3]
plays the proven role in etiology or may change the
[4]
natural course of ulcerative colitis or Crohn’s disease .
Although evidence-based dietary guidelines in
[4]
inflammatory bowel diseases are lacking , there
are number of studies indicating potential influence
of nutrition and suggesting dietary modifications
[5-7]
in prevention
or therapy of inflammatory bowel
[8,9]
diseases . Among other nutrients, isoflavones are
indicated as characterized by potential influence on
inflammatory bowel disease, but the conclusions seem
to be contradictory, as the effects of isoflavones on
development and course of the disease may differ. The
first study proving the association between dietary
isoflavone intake and ulcerative colitis development,
indicated, that isoflavone intake may be associated
[10]
with an increased risk of the disease . However,
a number of animal-model studies indicated, that
isoflavone intake may prevent exacerbations by
[11-13]
inhibiting the colitis
.
Due to the fact, that in the group of inflammatory
bowel disease individuals, isoflavone supplementation
[14]
is not indicated as recommended , in the mentioned
group isoflavone intake depends on the diet. Although
the main sources of isoflavone in western diets are
[15]
soy products , also other foods may deliver a certain
[16]
amount of isoflavone . In the case of inflammatory
bowel disease individuals, all the sources of isoflavone
are important, as the soy products intake in some
[4]
individuals may be limited . Especially for individuals
with ulcerative colitis or colon-affecting Crohn’s disease,
the choice of products may be essential, as it may
[17]
influence the motility symptoms . Such symptoms,
being affected by the disease even during remission,
due to the course of the disease and psychological
[18]
factors are for patients especially important, as they
may influence directly their quality of life.
The aim of the study was to analyse the association
between isoflavone intake (daidzein, genistein, glycitein
and total isoflavones) and ulcerative colitis motility
symptoms (number of bowel movements, abdominal
pain, flatulence, constipations, tenesmus) in individuals
in remission.

RESULTS
No correlations between isoflavone intake levels and
number of bowel movements per day were observed
both in the case of intake and intake per 1000 kcal
of diet. In the group of individuals declaring lack of
abdominal pain, the higher intakes of daidzein (p =
0.0075), daidzein per 1000 kcal of diet (p = 0.0358)
and total isoflavone (p = 0.0358) were stated, than in
the group of individuals declaring abdominal pain. In
the group of individuals declaring lack of constipations,
the lower intakes of glycitein (p = 0.0213) and glycitein
per 1000 kcal of diet (p = 0.0213) were stated,
than in the group of individuals declaring presence
of constipations. No differences were observed in
isoflavone intake between groups of ulcerative colitis
individuals declaring lack of flatulence and declaring
presence of flatulence, as well as between groups
declaring lack of tenesmus and declaring presence of
tenesmus.
CONCLUSION
The moderate dietary isoflavone intake may be
beneficial for individuals with ulcerative colitis in
remission, however, before including it into recommen
dations, further prospective studies are needed.
Key words: abdominal pain; constipations ulcerative
colitis; daidzein; genistein; glycitein; isoflavone
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Studies assessing influence of isoflavones
on inflammatory bowel disease are contradictory. In
presented study a higher daidzein, glycitein and total
isoflavones intake in ulcerative colitis individuals in
remission were associated with lack of abdominal pain
and declared constipations. The effect of isoflavone
may be dose-dependent, as in conducted study,
an isoflavone intake was over 10 times lower, that
in Japanese study, in which it was indicated, that
isoflavone intake may be associated with increased
risk of the disease. It may be stated, that in European
countries, due to lower intake than in Asian ones,
beneficial isoflavone effect may be observed.

MATERIALS AND METHODS
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Study design

The study was conducted at the Dietetic Outpatient
Clinic of the Department of Dietetics, Warsaw
University of Life Sciences (WULS-SGGW). The study
was carried out according to the guidelines laid down
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in the Declaration of Helsinki and all the procedures
involving human subjects were approved by the
Bioethical Commission of the Central Clinical Hospital
of the Ministry of Interior in Warsaw and the Bioethical
Commission of the National Food and Nutrition
Institute.
The study’s hypothesis was that isoflavone intake
may influence gastrointestinal motility symptoms of
ulcerative colitis. The three-days dietary records of
remission ulcerative colitis individuals were collected
and analysed. The intestinal motility and functioning
were assessed on the basis of the self-reported data
(questionnaire regarding number of bowel movements,
abdominal pain, flatulence, constipations, tenesmus).

record, as well as about the necessity of accurate and
scrupulous recording of all consumed food products
and beverages. The serving sizes were verified using
the Polish Atlas of Food Products and Dishes Portion
[20]
Sizes . The serving sizes, recipes and number of
glasses of beverages drunk daily were verified during
personal interview.
The energy values of diets (kcal) were analysed
using the Polish dietician software (National Food and
Nutrition Institute, version 2.0) and the Polish base of
[21]
the nutritional value of the products .
Isoflavone intake: daidzein (µg), genistein (µg),
glycitein (µg) and total isoflavones (µg) were assessed
using the National Nutrient Database for Standard
Reference of the United States Department of Agri
[16]
culture , due to the lack of Polish database. The
obtained average intake levels of the analyzed nutrients
(mean values from three recorded days) were presented
and were recalculated per 1000 kcal of diet (µg/1000
kcal) in order to analyze also the nutrient density of the
diets.
Individuals affected and unaffected by detailed
ulcerative colitis symptoms were treated as groups and
isoflavone intake was compared between them. The
analysis of correlation between daily number of bowel
movements and isoflavone intake was also conducted.

Study participants

The study was carried out on male and female
individuals with ulcerative colitis in remission, recruited
and monitored at the Warsaw Gastroenterology
Outpatient Clinics: Gastroenterology Outpatient Clinic
in Maria Skłodowska-Curie Memorial Cancer Center
and Institute of Oncology, Gastroenterology Outpatient
Clinic in Central Clinical Hospital of the Ministry of
Interior in Warsaw and Gastroenterology Outpatient
Clinic in Public Central Teaching Hospital in Warsaw.
Total number of 56 remission ulcerative colitis
individuals (19 males and 37 females), age 18-80
years, was recruited for the study. Inclusion criteria
[19]
were described in the previous publication . All of the
participants provided written consent to participate in
the study.

Statistical analysis

The obtained data are presented as mean ± SD
values with minimum, maximum and median values
indicated. The distributions of the analysed factors
were verified using Shapiro-Wilk test. The correlations
between analysed factors were verified using Spearman
rank correlation coefficient (applied due to nonparametric
distribution). The differences between groups were
analysed using U Mann-Whitney test (applied due to
nonparametric distribution). The level of significance
p ≤ 0.05 was accepted. The statistical analysis was
carried out using Statistica software version 8.0
(StatSoft Inc., Tulsa, OK, United States).

Analysis of intestinal motility and functioning

All the participants with ulcerative colitis in remission
were interviewed and asked about the presence of
abdominal pain, flatulence, constipations, tenesmus
and frequency of bowel movements. The presence
of abdominal pain, flatulence, constipations and
tenesmus were subjectively assessed by patients.
They were asked to compare the current frequency
and intensity of the symptoms with those before the
diagnosis of ulcerative colitis. A lack of abdominal pain,
flatulence, constipations, tenesmus during remission
or no increase in frequency or intensity of symptoms
compared to those observed before the ulcerative
colitis diagnosis were interpreted as a lack of the
above-mentioned symptoms.

RESULTS
The analysis of correlation between isoflavone intake
levels and number of bowel movements per day is
presented in Table 1. No correlations were observed
both in the case of intake and intake per 1000 kcal of
diet.
The isoflavone intake levels in groups of ulcerative
colitis individuals declaring lack of abdominal pain and
declaring presence of abdominal pain is presented in
Table 2. In the group of individuals declaring lack of
abdominal pain, the higher intakes of daidzein (p =
0.0075), daidzein per 1000 kcal of diet (p = 0.0358)
and total isoflavone (p = 0.0358) were stated, than in
the group of individuals declaring abdominal pain.
The isoflavone intake levels in groups of ulcerative
colitis individuals declaring lack of flatulence and

Analysis of diet

Assessment of the diets was based on the self-reported
data from dietary records conducted in three typical
random days (2 weekdays and 1 weekend day). The
dietary record was conducted on the basis of widely
accepted and applied rules, the same as in the case
of previously published analysis assessing the retinoid
[19]
intake in the ulcerative colitis individuals . To provide
the reliable estimates of food intake, participants were
instructed about the principles of conducting dietary
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simple carbohydrates limitation may force ulcerative
colitis patients to avoid inter alia legume intake, such
products may also be considered as a source of health[8]
promoting components for them. Magee et al were
trying to explain the associations that they observed,
but in spite of the fact that for legumes they indicated
some potential reasons of proved association (high
content of thiamin, resistant starch, prebiotics), they
were not able to definitely conclude about the causes
of mentioned relation.
[8]
Since the study of Magee et al was published,
more insight into the role of legumes and their com
position was gained. In spite of the fact, that in the
[25]
meta-analysis of Yan et al
positive influence of soy
intake on the colorectal cancer risk reduction was
stated for women, but not for men, the other metaanalysis seem to be more promising. In the meta[26]
analysis of Wang et al , among beneficial nutrients
from legumes, that may reduce the risk of colon cancer,
isoflavone was indicated. Also in the systematic review
[27]
and meta-analysis of Yu et al , the soy isoflavone
intake was stated to be associated with reduced
colorectal cancer risk, that was observed while studied
both in Asian populations and in case-control studies.
Among the fears experienced by inflammatory
bowel disease patients, except these associated with
complications of the disease, mainly with cancer risk,
are also the fears and discomforts associated with the
symptoms of the disease (uncertainty of the disease
course, fear of feeling fatigue, body image concern,
[28]
discomfort of feeling dirty) . As a result, the quality of
[29]
life of ulcerative colitis individuals is often decreased ,
so all the actions, that would be able to reduce their
symptoms are of a great value.
The presented study revealed, that the higher
isoflavone intake may contribute to lower abdominal
pain incidence, but simultaneously, to higher con
stipations incidence. However, as the presence of
constipations was subjectively assessed by patients
and reported by them, also misunderstanding of the
term must be taken into account, as it is well-known,
that there exists a disparity between self-reported and
[30]
definitions-based constipations frequency . Moreover,
in spite of the fact, that in general population, the
constipations incidence is a negative symptom, de
[31]
creasing quality of life , in the case of ulcerative
colitis individuals situation may be different. As, even
in remission, a number of ulcerative colitis patients
[32]
experience abdominal pain and diarrhea , they
may perceive decreased stool frequency as a positive
symptom. As a consequence, the fact that ulcerative
colitis individual declared constipations should be
rather interpreted as decreased frequency of bowel
movements, that may be even positively perceived by
patient. However, it must be also indicated, that in the
case of the analysis of correlation between isoflavone
intake and number of bowel movements per day, no
significance was stated.

Table 1 Analysis of correlation between isoflavone intakes
and number of bowel movements per day declared in group
of ulcerative colitis individuals (analysis conducted using
Spearman rank correlation coefficient)

Intake
Daidzein (mg)
Genistein (mg)
Glycitein (mg)
Total isoflavones (mg)
Intake per 1000 kcal
Daidzein (mg/1000 kcal)
Genistein (mg/1000 kcal)
Glycitein (mg/1000 kcal)
Total isoflavones (mg/1000 kcal)

P value

R

0.0889
0.2942
0.1889
0.8987

-0.2509
0.1543
0.1946
0.0191

0.0992
0.2762
0.1899
0.9881

-0.2434
0.1621
0.1946
-0.0022

declaring presence of flatulence is presented in Table
3. No differences were observed in isoflavone intake
between groups.
The isoflavone intake levels in groups of ulcerative
colitis individuals declaring lack of constipations and
declaring presence of constipations is presented in
Table 4. In the group of individuals declaring lack
of constipations, the lower intakes of glycitein (p =
0.0213) and glycitein per 1000 kcal of diet (p = 0.0213)
were stated, than in the group of individuals declaring
presence of constipations.
The isoflavone intake levels in groups of ulcerative
colitis individuals declaring lack of tenesmus and
declaring presence of tenesmus is presented in Table
5. No differences were observed in isoflavone intake
between groups.

DISCUSSION
[8]

In the study of Magee et al , legumes were indicated
among beneficial food products, contributing to
better results in the sigmoidoscopy screening in
ulcerative colitis individuals. It was observed, that
while consumed in typical amount of 120 g per week,
legumes may contribute to lower clinical activity of the
ulcerative colitis, so they were stated to be an element
[8]
of potentially therapeutic diet for such patients . The
indicated role of legumes is in agreement with the
report of World Cancer Research Fund and American
[22]
Institute for Cancer Research , stating, that legumes
are beneficial factor preventing colon cancer. It may be
of a great value especially for ulcerative colitis patients,
as the risk of colon cancer is for them higher than
for individuals with no inflammatory bowel diseases
[23]
diagnosed .
[8]
The observations of Magee et al are in the contrast
with the general belief, that a specific carbohydrate
[24]
diet, described by Haas and Haas , including
restriction of legumes such as soybeans, or chickpeas,
[4]
may be beneficial for ulcerative colitis patients .
However, the food products are the complex source
of various nutrients, so in spite of the fact, that
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Table 2 Isoflavone intake levels in groups of ulcerative colitis individuals declaring lack of abdominal pain and declaring presence of
abdominal pain (comparison conducted using U Mann-Whitney test)
Individuals declaring lack of abdominal pain
(n = 29)
Intake
Daidzein (μg)
Genistein (μg)
Glycitein (μg)
Total isoflavones (μg)
Intake per 1000 kcal
Daidzein (μg/1000 kcal)
Genistein (μg/1000 kcal)
Glycitein (μg/1000 kcal)
Total isoflavones (μg/1000 kcal)

Individuals declaring abdominal pain
(n = 27)

P value

Mean ± SD

Median (min-max)

Mean ± SD

Median (min-max)

168.3 ± 112.5
177.9 ± 127.6
0.5 ± 2.6
346.6 ± 185.2

176.7 (4.3-476.7)
156.7 (5.3-444.0)
0.01 (0.0-14.0)
333.3 (7.7-770.7)

119.1 ± 187.2
177.1 ± 287.0
3.4 ± 12.3
299.6 ± 362.2

68.01 (3.3-977.7)
125.31 (2.3-1428.3)
0.01 (0.0-56.0)
177.31 (18.0-1574.0)

0.0075
0.1356
0.2706
0.0358

94.6 ± 86.1
88.3 ± 69.6
0.3 ± 1.5
183.1 ± 130.9

69.91 (1.3-347.7)
86.21 (1.6-279.5)
0.01 (0.0-8.0)
137.2 (8.3-517.2)

60.4 ± 79.1
100.4 ± 161.4
2.1 ± 7.8
162.9 ± 193.5

46.21 (2.1-392.7)
57.41 (1.4-759.2)
0.01 (0.0-37.4)
119.71 (8.6-836.7)

0.0358
0.2378
0.2706
0.1400

1

Nonparametric distribution (verified using the Shapiro-Wilk test; P < 0.05).

Table 3 Isoflavone intake levels in groups of ulcerative colitis individuals declaring lack of flatulence and declaring presence of
flatulence (comparison conducted using U Mann-Whitney test)
Individuals declaring lack of flatulence (n = 46)
Mean ± SD
Intake
Daidzein (μg)
Genistein (μg)
Glycitein (μg)
Total isoflavones (μg)
Intake per 1000 kcal
Daidzein (μg/1000 kcal)
Genistein (μg/1000 kcal)
Glycitein (μg/1000 kcal)
Total isoflavones (μg /1000 kcal)

Median (min-max)

Individuals declaring flatulence (n = 10)
Mean ± SD

P value

Median (min-max)

147.4 ± 165.6
187.6 ± 225.4
2.2 ± 9.7
337.2 ± 293.4

115.01 (3.3-977.7)
140.01 (2.3-1428.3)
0.01 (0.0-56.0)
302.51 (18.0-1574.0)

131.4 ± 843
131.1 ± 177.6
0.4 ± 1.3
262.9 ± 232.2

109.8 (19.0-278.0)
78.31 (7.3-586.7)
0.01 (0.0-4.0)
220.81 (37.3-833.0)

0.7727
0.2186
0.7738
0.4162

78.9 ± 89.1
97.3 ± 121.5
1.4 ± 6.1
177.6 ± 162.9

53.91 (1.3-392.7)
68.11 (1.4-759.2)
0.01 (0.0-37.4)
133.51 (8.3-836.7)

74.3 ± 56.6
79.4 ± 128.7
0.3 ± 0.9
154.0 ± 170.0

60.8 (12.1-56.6)
32.31 (3.6-426.6)
0.01 (0.0-2.9)
133.91 (21.7-605.7)

0.6455
0.2268
0.7738
0.5854

1

Nonparametric distribution (verified using the Shapiro-Wilk test; P < 0.05).

Table 4 Isoflavone intake levels in groups of ulcerative colitis individuals declaring lack of constipations and declaring presence of
constipations (comparison conducted using U Mann-Whitney test)
Individuals declaring lack of constipations
(n = 49)
Mean ± SD
Intake
Daidzein (μg)
Genistein (μg)
Glycitein (μg)
Total isoflavones (μg)
Intake per 1000 kcal
Daidzein (μg/1000 kcal)
Genistein (μg/1000 kcal)
Glycitein (μg/1000 kcal)
Total isoflavones (μg/1000 kcal)

Median (min-max)

Individuals declaring constipations
(n = 7)
Mean ± SD

Median (min-max)

P value

147.0 ± 158.0
183.6 ± 219.9
1.0 ± 5.1
331.6 ± 282.8

117.71 (3.3-977.7)
137.01 (2.3-1428.3)
0.01 (0.0-33.3)
262.71 (27.7-1574.0)

127.0 ± 128.6
134.9 ± 208.8
8.6 ± 21.0
270.5 ± 300.4

73.0 (11.3-353.0)
67.01 (6.7-586.7)
0.01 (0.0-56.0)
123.7 (18.0-833.0)

0.6827
0.1891
0.0213
0.3339

146.8 ± 161.0
183.3 ± 224.2
1.0 ± 5.2
331.1 ± 287.9

117.71 (3.3-977.7)
137.01 (2.3-1428.3)
0.01 (0.0-33.3)
262.71 (27.7-1574.0)

101.1 ± 124.2
97.6 ± 152.0
5.7 ± 6.7
204.5 ± 236.1

46.2 (5.4-347.7)
37.11 (3.2-426.6)
0.01 (0.0-37.4)
68.4 (8.6-605.7)

0.9802
0.4279
0.0213
0.7102

1

Nonparametric distribution (verified using the Shapiro-Wilk test; P < 0.05).

Taking into account the possible positive inter
pretation of constipations reported by ulcerative colitis
patients, the results of the presented study may be
treated as a confirmation of the results of animalmodel studies assessing the influence of isoflavone
intake on the course of ulcerative colitis. Due to the
fact, that no similar studies were conducted in the
groups of ulcerative colitis patients, the conducted
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study must be treated as a significant contribution.
In the animal-based studies, it was stated, that
isoflavone intake may diminish the secretion or
[11,13,33]
overexpression of tumor necrosis factor-α
, inter
[11]
[12]
[12]
[11,12]
leukin (IL)-1β , IL-6 , IL-12p40 , interferon-γ
,
[34]
cyclooxygenase-2
and inducible nitric oxide syn
[13,35]
thase
. In animal model, while disease activity
index (including inter alia body weight loss, diarrhea,
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Table 5 Isoflavone intake levels in groups of ulcerative colitis individuals declaring lack of tenesmus and declaring presence of
tenesmus (comparison conducted using U Mann-Whitney test)
Individuals declaring lack of constipations
(n = 47)
Intake
Daidzein (μg)
Genistein (μg)
Glycitein (μg)
Total isoflavones (μg)
Intake per 1000 kcal
Daidzein (μg/1000 kcal)
Genistein (μg/1000 kcal)
Glycitein (μg/1000 kcal)
Total isoflavones (μg/1000 kcal)

Individuals declaring constipations
(n = 9)

P value

Mean ± SD

Median (min-max)

Mean ± SD

Median (min-max)

124.5 ± 107.8
190.4 ± 233.0
2.3 ± 9.6
317.2 ± 280.2

101.01 (3.3-476.7)
138.01 (2.3-1428.3)
0.01 (0.0-56.0)
302.31 (18.0-1574.0)

249.4 ± 284.4
110.0 ± 79.7
0.0 ± 0.0
359.4 ± 311.7

205.71 (5.3-977.7)
126.0 (7.3-253.7)
0.01 (0.0-0.0)
242.31 (139.3-1137.7)

0.0818
0.3662
0.3819
0.7379

70.6 ± 76.7
101.4 ± 130.7
1.4 ± 6.1
173.4 ± 171.7

48.11 (1.3-347.7)
69.11 (1.4-759.2)
0.01 (0.0-37.4)
131.21 (8.3-836.7)

117.2 ± 111.6
55.7 ± 42.5
0.0 ± 0.0
173.0 ± 113.5

95.11 (4.5-392.7)
46.5 (3.6-117.4)
0.01 (0.0-0.0)
140.91 (73.4-456.9)

0.0943
0.3722
0.3819
0.5770

1

Nonparametric distribution (verified using the Shapiro-Wilk test; P < 0.05).

gross bleeding) of colitis was assessed, isoflavone
[13]
intake was also stated to be beneficial . As a result,
isoflavone was indicated among natural compounds
positively influencing cytokines in inflammatory bowel
[36]
diseases . Especially in the context of presented own
results indicating influence on subjectively perceived
symptoms such as abdominal pain or stool frequency,
the potential role of isoflavone intake must be confirmed.
Taking into account previously mentioned human
[10]
study of Ohfuji et al
indicating opposite effect of
isoflavone in ulcerative colitis development, the effect
of dose must be considered. In the mentioned study,
the total isoflavones intake was 13.6 mg/1000 kcal in
the study group and 11.1 mg/1000 kcal in the control
[10]
group , while in own study it was not higher than
0.836 mg/1000 kcal. It must be mentioned, that the
[10]
study of Ohfuji et al
was conducted in Japan and
the stated isoflavone intake was similar as in the case
[37]
of other Japanese studies . In European countries,
isoflavone intake is significantly lower than in Asian
[38]
ones , while in Japan it is even higher than in other
[39]
Asian countries .
The possible explanation of the isoflavone influence
and observed contradictory results may arise from
the fact, that isoflavone impact may depend on
[40]
[40]
the microbiota . In the study of Bowey et al ,
it was proven that colonization of germ-free rats
with a human faecal microbiota resulted in specific
conversion of dietary daidzein into equol, being its
metabolite decreasing level of anti-inflamatory IL-10
[41]
and causing weight loss . As an equol is produced
after isoflavone intake by only 25%-30% of adults in
[42]
Western countries , it should be stated that the effect
of isoflavone intake depends not only on the dose, but
[43]
also on the intestinal microbiota .
Not only the influence of microbiota on the course
of ulcerative colitis was indicated by other authors, but
also it was stated, that ulcerative colitis individuals are
often characterized by different microbiota than healthy
ones, as they have inter alia higher content of fecal
[44]
microbiota . Taking it into account, in the context of
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presented studies, excessive isoflavone intake, such
as observed in Asian populations, may be confirmed
for ulcerative colitis patients as not recommended.
However, the isoflavone intake in own study was lower
than in Asian populations, being on the level typical for
Western ones. The observed beneficial effect may be
explained as dependent on the lower dietary isoflavone
intake and caused by positive anti-inflammatory effect
confirmed in a number of animal-based studies. How
ever, before including it into recommendations, further
prospective studies are needed to expand the sample
size and to confirm stated association.
In conclusion, higher daidzein and total isoflavone
intakes in individuals with ulcerative colitis in remission
were associated with lower incidence of abdominal
pain. higher glycitein intake in individuals with ulce
rative colitis in remission was associated with higher
constipations incidence declared by them, which
may be interpreted as decreased frequency of bowel
movements. the moderate dietary isoflavone intake
may be beneficial for individuals with ulcerative
colitis in remission, however, before including it into
recommendations, further prospective studies are
needed to confirm.
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AIM
To investigate whether single nucleotide polymorphisms
in maf protein K (MAFK ), which encodes the MAFK ,
lead to increased susceptibility to ulcerative colitis in
the Japanese population.
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METHODS
This case control study examined the associations
between MAFK single nucleotide polymorphisms
(rs4268033 G>A, rs3735656 T>C and rs10226620
C>T) and ulcerative colitis susceptibility in 174 patients
with ulcerative colitis (UC) cases, and 748 subjects
without no lower abdominal symptoms, diarrhea or
hematochezia (controls). In addition, as the second
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tients in several Asian countries, including Japan and
China, has recently rapidly increased with adaptation
[1]
of a westernization life style and diet . Ulcerative
colitis (UC) is a representative IBD whose exact et
iology is unclear, but environmental and genetic factors
[2,3]
are implicated in its onset . UC is a nonspecific
inflammatory disease possibly involving the colonic mu
cosa spanning from the rectum to the cecum. It has
been clarified that the degradation of inflammation
and immune response related molecules prescribed
[4]
genetically participate . UC is a multifactorial, pol
ygenic disease with probable genetic heterogeneity,
and the associations between the polymorphisms of
[5,6]
various genes and UC have been studied .
Reactive oxygen species (ROS) are involved in
promoting inflammation in various diseases, including
[7,8]
UC . Nuclear factor-erythroid 2-related factor 2 (Nrf2)
[9,10]
plays an important role in the removal of ROS
. Nrf2
cannot induce anti-oxidant enzymes such as heme
oxygenase-1 (HO-1) and peroxiredoxin 1 alone, and
shows transcriptional activity when hetero-dimerized
[11]
with small musculoaponeurotic fibrosarcoma (Maf) .
Thus, it has been clarified that small Maf proteins are
regulated transcription factors through heterodimer
formation, with Nrf2 and BTB And CNC Homology 1
[12]
(Bach1) , although small Mafs do not contain an
[13]
obvious transcriptional activation domain . We pre
viously reported a significant association between Nrf2
[14]
genetic polymorphisms and susceptibility to UC .
In the present study, we investigated the associa
tion between genetic polymorphisms of MAFK, one of
the small Mafs, and UC susceptibility in a Japanese
population.

controls, we set 360 subjects, who have an irregular
bowel movement without abnormal lower endoscopic
findings (IBM controls).
RESULTS
The genotype frequency of rs4268033 AA and allelic
frequency of the rs4268033A allele were significantly
higher in the UC cases than in both controls (P = 0.0005
and < 0.0001, P = 0.015 and 0.0027 vs controls
and IBM controls, respectively). Logistic regression
analysis after adjustment for age and gender showed
that the rs4268033 AA and rs3735656 CC genotyp
es were significantly associated with susceptibility to
UC development (OR = 2.63, 95%CI: 1.61-4.30, P
= 0.0001 and OR = 1.81; 95%CI: 1.12-2.94, P =
0.015, respectively). Similar findings were observed
by the comparison with IBM controls. In addition, the
rs4268033 AA genotype was significantly associated
with all phenotypes of UC except early onset. There
was no significant association between rs10226620 and
ulcerative colitis.
CONCLUSION
Our results provide the first evidence that MAFK
genetic polymorphisms are significantly associated
with susceptibility to UC development. In particular,
rs4268033 is closely associated with an increased risk
for the development of UC.
Key words: Maf protein K; Genetic polymorphism;
Reactive oxygen species; Ulcerative colitis; Nuclear
factor-erythroid 2-related factor 2
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We investigated the association between maf
protein K (MAFK ), polymorphisms and ulcerative colitis
in Japan. Both rs4268033 and rs3735656 minor allele
homozygotes were significantly associated with the
susceptibility to ulcerative colitis (UC) development.
In addition, rs4268033 minor allele homozygote was
significantly associated with all phenotypes of UC
except the phenotype with younger age onset. Our
results provided the first evidence that MAFK genetic
polymorphisms were significantly associated with the
susceptibility to UC development.

MATERIALS AND METHODS
Clinical samples

The study was performed using a population com
prising 226 patients with UC (UC cases) and 748
subjects without lower abdominal symptoms, diarrhea
or hematochezia (controls). In addition, as the second
controls, we prepared 360 subjects, who have an
irregular bowel movement without abnormal lower
endoscopic findings (IBM controls). UC was diagnosed
according to standard clinical, endoscopic, radiological,
[15]
and histological criteria . Genomic DNA was isolated
from peripheral blood using FlexiGene DNA Kit (QIAGEN
GmbH, Hilden, Germany).
The Ethics Committees of Fujita Health University
and Kanazawa Medical University approved the protocol,
and written informed consent was obtained from all
participating subjects.

Arisawa T, Nakamura M, Otsuka T, Jing W, Sakurai N, Takano
H, Hayashi T, Ota M, Nomura T, Hayashi R, Shimasaki T, Tahara
T, Shibata T. Genetic polymorphisms of MAFK, encoding a
small Maf protein, are associated with susceptibility to ulcerative
colitis in Japan. World J Gastroenterol 2017; 23(29): 5364-5370
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i29/5364.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i29.5364

Classification

According to their clinical courses, UC cases were
classified into 2 types: continuous, or not continuous,
[16]
disease (i.e., relapsing or only one episode) .
UC patients were also classified by endoscopic fin
dings as total or not total colitis (left sided, distal
colitis) according to the location and extension of the
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The number of inflammatory bowel disease (IBD) pa
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Table 1 Condition of PCR and SSCP
Primer set

PCR condition

(rs4268033)
5'-TAATCCCAACTCGCAGCA 96 ℃ 15 s, 60 ℃
TCTGTGT-3'
30 s, 72 ℃ 30 s
5'-GGTCTGACTTAGCTGGGG
35 cycle
AAAGTGC-3'
(rs3735656)
5'-ATCTCAGCGGACACAGG 96 ℃ 15 s, 54 ℃
CAGGA-3'
40 s, 72 ℃ 30 s
5'-CTGCACTGACCACAGTTG
35 cycle
GTGAGAA-3'
(rs10226620)
5'-GTCCCTCCTGTGACTGGG 96 ℃ 15 s, 60 ℃
GTCTCT-3'
30 s, 72 ℃ 30 s
5'-AGGCACCACCTTGCAGGT
35 cycle
CTTATGT-3'

Table 2 Characteristics of the subjects and allelic frequency
SSCP temperature
Number of sample
Mean age ± SD
(age of onset)
Male:female
rs4268033 G>A
GG
GA
AA
A allele freqency
rs3735656 T>C
TT
TC
CC
C allele freqency
rs10226620 C>T
CC
CT
TT
T allele freqency

6℃

6℃

6℃

inflammatory lesions. In addition, the cases were cla
ssified into two groups according to the past highest
UC disease activity index (UCDAI) during the course of
[17]
the disease (≤ 8 or ≤ 9) .

UC cases

360
58.5 ± 14.5

438:310

165:195b

226
40.7 ± 14.2a
(33.6 ± 13.5)
125:101

366
324
58
29.40%

184
156
20
27.20%

101
89
36c
35.6%d

329
346
73
32.90%

168
162
30
30.80%

103
90
33
34.50%

345
328
75
32.00%

171
159
30
30.40%

104
94
28
33.20%

P < 0.0001 vs controls and IBM controls; bP < 0.0001 vs controls and P =
0.027 vs UC cases; cP = 0.0005 vs controls and P < 0.0001 vs IBM controls; dP
= 0.015 vs controls and P = 0.0027 vs IBM controls. UC: Ulcerative colitis.

RESULTS

There are two large linkage disequilibrium blocks within
20kbp of MAFK with a Hardy-Weinberg equilibrium (HWE)
P value of above 0.05 and a minor allele frequency
of above 0.05. We selected rs4268033 G>A and
rs3735656 T>C (*910 T>C) as a Tag single nucleotide
polymorphism (SNP) in each block and another SNP,
rs10226620 C>T (*1506 C>T), located in the 3’-UTR
where several microRNA bind, was also selected.

Characteristics of the study subjects and frequencies of
the genotypes

The characteristics of the subjects in this study are
summarized in Table 2. The mean ages of both controls
and IBM controls were significantly higher than that of
the UC cases. The male/female ratio of IBM controls
was significantly lower than those of the controls and
UC cases. Single strand DNAs of all genotypes were
clearly separated by SSCP (Figure 1). The distribution
of genotypes in the controls was in Hardy-Weinberg
equilibrium (rs4268033, rs3735656 and rs10226620:
P = 0.25, P = 0.21 and P = 0.87, respectively). The
ratio of the mutant homozygote (AA genotype) of
rs4268033 was significantly higher in the UC cases
compared to the controls and IBM controls (P = 0.0005
and < 0.0001, respectively). However, no signific
ant differences in the distributions of rs3735656 and
rs10226620 genotypes were observed. There were no
significant differences in the distributions of genotypes
between the controls and IBM controls.

Genotyping of polymorphisms

Polymorphisms were genotyped using the PCR-SSCP
[14,18]
method as reported previously
. The PCR and
SSCP conditions are shown in Table 1. All PCR reactions
were carried out in a volume of 20 µL containing 0.1
µg of genomic DNA using Takara HS Taq (TAKARA Bio
Inc., Japan). SSCP was carried out using a GenePhor
DNA separation system with GeneGel Excel 12.5/24
(GE Health Care Bio-Sciences AB, Sweden) at 6 ℃
temperature, and then the denatured single strand
DNA bands were detected using a DNA Silver Staining
Kit (GE Health Care Bio-Sciences AB).

Association between MAFK polymorphisms and UC
susceptibility

2

HWE was assessed by χ statistics. The age data were
expressed as mean ± SD. Mean ages between the
cases and the controls was compared by Student’s t-test,
and the male/female ratio was compared by Fisher’s exact
test. The allele counts and the distribution of genotype
were compared between the two groups by a 2 × 2
table using Fisher’s exact test. The odds ratios (OR)
and 95%CI were calculated by logistic regression with
adjustment for age and gender. A probability value of
less than 0.05 was considered statistically significant in
all analyses.

WJG|www.wjgnet.com

IBM controls

748
57.1 ± 17.0

a

Selection of single nucleotide polymorphisms of MAFK

Statistical analysis

Controls

When the controls was compared with UC cases, log
istic regression analysis after adjustment for age
and gender showed that the rs4268033 mutant
homozygote (AA genotype) was strongly associated
with susceptibility to UC (OR = 2.63, 95%CI: 1.61-4.30,
P = 0.0001; Table 3), and the rs3735656 mutant homo
zygote (CC genotype) was also significantly associated
with UC susceptibility (OR = 1.81, 95%CI: 1.12-2.94,
P = 0.015). When IBM controls was compared with
UC cases, similar findings were obtained (OR = 3.54,
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Table 3 Association between MAFK polymorphisms and ulcerative colitis
Genotype (n )

AA vs others

GG GA AA

OR (95%CI); P value

rs4268033 G>A
Controls (748)
366 324
IBM controls (358) 184 156

UC cases (226)

101 89

58
18

Genotype (n )

CC vs others

TT TC CC OR (95%CI); P
value

Genotype (n )

TT vs others
OR (95%CI); P
value

CC CT

TT

345 328
171 159

75
Reference
28 0.764 (0.488-1.20); Reference
P = 0.24
28 1.37 (0.822 - 2.28); 1.57 (0.827 P = 0.23
3.00); P = 0.17

Reference
0.682
Reference
(0.402-1.16);
P = 0.16
2.63
3.54
(1.61-4.30); (1.82-6.88);
P = 0.0001 P = 0.0002

36

rs3735656 T>C
Controls (748)
IBM controls (358)

329 346 73
Reference
168 162 28 0.789 (0.503-1.24); Reference
P = 0.30
103 90 33 1.81 (1.12-2.94); P
2.14
= 0.015
(1.16-3.95);
P = 0.015

UC cases (174)

rs10226620 C>T
Controls (748)
IBM controls (358)
UC cases (174)

104 94

UC: Ulcerative colitis.

phenotype of UC (Table 4).
rs4268033

DISCUSSION
GG

GA

AA

GG

GG

GA

Three small Maf proteins have been identified to
[19]
date: MafG, MafK and MafF were identified . These
three Maf proteins have high homology and form homo
dimers or heterodimers with each another and also
[20]
heterodimers with a group of other b-Zip proteins .
Previous studies using knockout mice showed that
-/-/MafG /K mice are die by the peri- or postnatal
-/-/-/-/stage, whereas both MafF /G and MafF /K mice
[21-23]
are viable and fertile
. We therefore selected the
two small Mafs, MafG and MafK, because of their
apparent importance in biology. In HapMap-JPT, there
are large linkage blocks of SNPs around MAFK but not
around MAFG. Furthermore, previous studies revealed
that MafK-Bach1 controls the expression of a subset
of oxidative stress-inducible genes, such as HO-1 and
[24]
ferritins , whereas MafK-Nrf2 heterodimer activates
[25]
their expression . We therefore suspected that MAFK
genetic variations might affect the development and
process of inflammatory diseases, including UC.
Our results provide the first evidence that MAFK
genetic polymorphisms are significantly associated with
susceptibility to UC in the Japanese population. In
these polymorphisms, the rs4268033 G>A minor allele
homozygote is closely associated with an increased
risk for the development of UC. The allele frequencies
of rs4268033 and rs10226620 in our controls, which
were in HWE, were the same as that in the Japanese
population reported in the HapMap database (P = 0.73

GG

rs3735656
CC

TC

CC

TC

TT

TT

rs10226620
CC

CT

TT

CC

CC

CT

Figure 1 Images of PCR-SSCP using clinical samples. Single strand DNAs
were clearly separated by SSCP. The genotypes could be determined.

95%CI: 1.82-6.88, P = 0.0002 and OR = 2.14;
95%CI: 1.16-3.95, P = 0.015, for rs4268033 and
rs3735656, respectively). No significant association
between rs10226620 and UC was seen. The influence
of MAFK genotypes on the symptoms from irregular
bowel movement did not seem to be large.

Association between rs4268033 and UC phenotypes

The observed strong association between rs4268033
and UC susceptibility prompted us to investigate an
association between this SNP and UC phenotypes.
The rs4268033 genotype was only associated with
UC cases with onset after 21 years of age. Regarding
as clinical type, disease extension, the past history of
hospitalization and the past maximum UCDAI score,
rs4268033 was significantly associated with each

WJG|www.wjgnet.com
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Table 4 Association between rs4268033 and phenotype of ulcerative colitis
Genotype (n )
Controls (748)
Age of onset
20 (31)
21 (176)
Unknown (19)
Clinical type
Not continuous (124)
Continuous (97)
Unknown (5)
Extension
Not total colitis (115)
Total colitis (105)
Unknown (6)
Hospitalization
None (139)
One time £ (76)
Unknown (11)
Past max. UCDAI score
8 (135)
9 (81)
Unknown (10)

AA vs others

GG

GA

AA

OR (95%CI)

P value

366

324

58

Reference

-

16
76

12
71

3
29

2.06 (0.499-8.52)
2.51 (1.51-4.19)

0.32
0.0004

51
46

52
36

21
15

2.92 (1.63-5.25)
2.32 (1.20-4.48)

0.0003
0.012

50
49

46
41

19
15

2.72 (1.48-5.00)
2.18 (1.14-4.16)

0.0013
0.019

59
36

59
27

21
13

2.34 (1.32-4.14)
2.91 (1.42-5.97)

0.0035
0.0034

56
40

58
27

21
14

2.41 (1.36-4.27)
3.01 (1.49-6.05)

0.0025
0.002

UC: Ulcerative colitis.

and 0.39, respectively). However, the distribution of
rs3735656 genotype in our controls was different from
that in HapMap-JPT (P = 0.011). The distribution of
rs3735656 in our controls is in HWE (P = 0.21) whereas
it is not in HapMap-JPT (P = 0.025). The cause of this
discrepancy is unknown, but we believe that rs3735656
is worthy of further examination.
There are few reports linking MAFK genetic variations
[26,27]
[26]
and clinical disease susceptibility
. Nanashima et al
reported that the mutant allele of rs4720833, located in
the same linkage block as rs4268033, is significantly
associated with anti-tuberculosis drug induced hepa
totoxicity susceptibility, whereas rs3808337, located
in the same block as rs3735656, is not associated.
This suggests that the rs4720833 mutant genotype
might be associated with an increased risk of druginduced injury via alteration of the toxicity of drug
metabolites, although the detailed mechanisms
remain unclear. Similarly, in our study, the rs4268033
mutant homozygote was strongly associated with UC
susceptibility. In addition, this genotype was associated
with all phenotypes of UC except age of onset. These
findings suggest that rs4268033 may be associated
with the development but not the progression of UC.
The lack of association of early onset with UC may be
due to the small number of cases and/or the younger
controls.
It is not clear how rs4268033 participates in the
development of UC. Small Maf proteins are transcription
factors localized to the nucleus that dimerize with
[13]
CNC family proteins, including Nrf2 and Bach1 .
Small Maf-Bach1 heterodimers are removed from
antioxidant-responsive element (ARE) by oxidative
stress, and small Maf-Nrf2 heterodimers replace and

WJG|www.wjgnet.com

bind to ARE, leading to the activation of antioxidant
enzyme expression. Therefore, our data suggest that
rs4268033 may act as a repressor for the expression
of small Maf (dimerized with Nrf2) and/or as an act
ivator for the expression of small Maf (dimerized with
Bach1), resulting in association with UC susceptibility.
Another possibility is that the mechanism involves
the inflammatory response. Overexpression of MafK
protein in T cells decreased T-cell proliferation and
[28]
interleukin-2 (IL-2) secretion . Therefore, IL-2 secretion,
resulting in persistent inflammation, may be increased
by the diminished expression of MafK protein in
the rs4260833 mutant homozygote. However, the
presence of enhancers or repressors in the genome
region containing the linkage block with rs4268033
remains unknown. In addition, the downregulation of
Nrf2 or upregulation of Bach1 in UC patients with the
rs4268033 mutant homozygote should be verified by
further studies.
There are some clinical limitations in our study. We
recruited patients who visited our hospital for various
reasons and therefore the mean age of the controls
was relatively high. Age-matched subjects with no
symptom are essential for the control group. In addition,
the UC treatment regimens were not standardized,
possibly affecting the clinical type and extent of infla
mmation observed. Furthermore, we had no data
on the effects of MAFK gene polymorphisms on the
expressions of MafK protein. Our study was a casecontrol studyand therefore further examination is
necessary regarding this point. The major problem in
this study is the relatively small sample size, especially
the number of UC cases. A larger cohort will be
required to clearly assess the association of genetic
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variation with disease susceptibility. Finally, the design
of this study used only samples stored at a single
center and were analyzed retrospectively.
In conclusion, the present study demonstrated that
MAFK polymorphisms are significantly associated with
susceptibility to UC. In particular, the rs4268033 minor
homozygote is strongly associated with increased risk
for the development of UC.
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Abstract

conducted this work using a formal consensus method
validated by the French National Authority for Health.
We herein establish the missing consensual definitions
and show that experts have substantial interobserver
agreement when using them to diagnose and describe
fistulae, ulcerations, activity of external openings and
erythema from photos. Even if inspection is only one
step in the diagnoses of APLOC, we believe this work
will help future studies evaluate if and how treatments
influence these lesions.

AIM
To establish consensual definitions of anoperineal lesions
of Crohn’s (APLOC) disease and assess interobserver
agreement on their diagnosis between experts.
METHODS
A database of digitally recorded pictures of APLOC
was examined by a coordinating group who selected
two series of 20 pictures illustrating the various
aspects of APLOC. A reading group comprised: eight
experts from the Société Nationale Française de Colo
Proctologie group of study and research in proctology
and one academic dermatologist. All members of
the coordinating and reading groups participated in
dedicated meetings. The coordinating group initially
conducted a literature review to analyse verbatim
descriptions used to evaluate APLOC. The study
included two phases: establishment of consensual
definitions using a formal consensus method and
later assessment of interobserver agreement on
the diagnosis of APLOC using photos of APLOC, a
standardised questionnaire and Fleiss’s kappa test or
descriptive statistics.

Horaist C, de Parades V, Abramowitz L, Benfredj P, Bonnaud G,
Bouchard D, Fathallah N, Sénéjoux A, Siproudhis L, Staumont
G, Viguier M, Marteau P. Elaboration and validation of Crohn’s
disease anoperineal lesions consensual definitions. World J
Gastroenterol 2017; 23(29): 5371-5378 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i29/5371.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i29.5371

INTRODUCTION
Anoperineal lesions occur frequently during Crohn’s dis
[1]
ease (CD) and are associated with a worse prognosis .
Some lesions require instrumental and/or medical
specific treatments and the most severe may lead to
[2]
severe discomfort including the loss of continence .
The Cardiff classification system proposed to classify
them into three groups: ulceration, fistulae (or ab
[3]
scesses) and stenosis . Their diagnosis relies on
inspection and palpation and for fistulae, diagnosis is
improved by endoscopic ultrasonography (EUS) and/or
[4,5]
pelvic magnetic resonance imaging (MRI) .
The American Gastroenterological Association (AGA)
guidelines recommend a physical examination of the
perianal area to identify anal skin tags, anal fissures,
perianal fistulae, suspected perianal abscesses,
anorectal strictures and rectovaginal fistulae including
an endoscopic evaluation to determine whether or
not there is macroscopically evident inflammation of
[4]
the rectum . It recommends classifying the fistulae
as either simple or complex. A simple fistula is low
(superficial, intersphincteric or low transsphincteric
origin of the fistula tract) with a single external
opening; no pain or fluctuation to suggest perianal
abscess; and no evidence of rectovaginal fistula or
anorectal stricture. A complex fistula is high (high
intersphincteric, high transsphincteric, extrasphincteric
or suprasphincteric origin of the fistula tract); may
have multiple external openings; may be associated
with the presence of pain or fluctuation to suggest a
perianal abscess; may be associated with the presence
of a rectovaginal fistula; may be associated with
the presence of an anorectal stricture; and may be
associated with the presence of active rectal disease
[4]
[3]
determined by endoscopy . Hugues anatomical and
pathophysiological classification, distinguishes between
primary and secondary infected lesions taking into

RESULTS
Terms used in literature to evaluate visible APLOC
did not include precise definitions or reference to
definitions. Most of the expert reports on the first set
of photos agreed with the main diagnosis but their
verbatim reporting contained substantial variation.
The definitions of ulceration (entity, depth, extension),
anal skin tags (entity, inflammatory activity, ulcerated
aspect), fistula (complexity, quality of drainage,
inflammatory activity of external openings), perianal
skin lesions (abscess, papules, edema, erythema)
and anoperineal scars were validated. For fistulae,
they decided to follow the American Gastroenterology
Association’s guidelines definitions. The diagnosis of
ulceration (κ = 0.70), fistulae (κ = 0.75), inflammatory
activity of external fistula openings (86.6% agreement),
abscesses (84.6% agreement) and erythema
(100% agreement) achieved a substantial degree of
interobserver reproducibility.
CONCLUSION
This study constructed consensual definitions of APLOC
and their characteristics and showed that experts have
a fair level of interobserver agreement when using
most of the definitions.
Key words: Crohn’s disease; Anoperineal lesions;
Fistula; Interobserver agreement
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We present the first study that establishes
consensual definitions of anoperineal lesions of Crohn’s
disease (APLOC) and assesses interobserver agreement
on their diagnosis. With the help of APLOC experts, we
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Verbatim from
reports

Literature

Coordinators

Experts

st

is not mandatory for non-interventional research using
blinded documents.

Experts

Literature search

nd

1 version of
definitions

2 version of
definitions

Vote 1

Vote 2

Agreement

Insufficient
agreement

Consensual
definition

Definition
rejected

Medical databases (e.g., PubMed, MEDLINE, EMBASE)
were systematically searched for eligible literature. The
eligibility criteria were: studies published in English
or in French; studies published between 1955 and
2014 containing the terms: perianal CD, CD, perineal
lesions, anal ulceration, anal fissure, anal skin tag,
anoperineal fistula, vulva and anal stricture. The
literature was searched for definitions of APLOC to be
presented to the expert group.

Consensus method

A database of digitally recorded APLOC photos was
examined by a coordinating group. They selected two
series of 20 pictures illustrating the various aspects of
APLOC. The reading group included eight experts from
GREP and one academic dermatologist. All members
of the coordination and reading groups participated in
dedicated meetings. The study included two phases.

Figure 1 Flow chart for the consensus steps.

Phase 1: Establishment of consensual definitions
Ulceration

Complex fistula

Scar appearance

Simple fistula

Complex fistula

Complex fistula

A formal consensus method was used to evaluate the
level of agreement among experts on the definition
wording. This method was both a guideline method
and a consensus method (French National Authority
for Health. Practice guidelines: “formal consensus
method”. Saint-Denis. HAS; 2010). The experts
identified and selected, through iterative ratings with
feedback, the points on which they agreed, disagreed
or were undecided (Figure 1).
For the first round of reading, each expert provided
a written report for each of the first series of APLOC
photos (Figure 2). The only information provided to
them were the photos and they did not have access to
MRI or digital examinations. The verbatim descriptions
of the APLOC (names and adjectives) were extracted
from these reports and from the literature. The
coordinating group provided, to the whole group, the
list of descriptors and corresponding definitions.
Agreement on those definitions was assessed using
two votes. First, each expert assessor graded their
agreement for each proposal between 1 (meaning the
proposal was totally inappropriate) and 9 (meaning the
proposal was totally appropriate). Agreement for every
term was defined on the basis of the distribution of
the scores of all experts: there was agreement when
the scores were all ≤ 5 or all ≥ 5. Proposals were
immediately accepted as appropriate when all scores
were between 7 and 9 (median ≥ 7). They were
immediately considered as inappropriate and rejected
when all scores were between 1 and 3 (median ≤ 3).
A meeting was then held to allow the reconsideration
of the definitions which had not received strong
agreement at the first vote. It consisted of a general
discussion leading to the proposition of revised

Figure 2 Selection of photos used in phase 1.

account the type of lesion, its location and depth. The
Perianal Disease Activity Index uses a five-point Likert
scale: discharge, pain/restriction of activity, restriction
of sexual activity, type of perianal disease and degree
[6]
[7]
of local induration . First proposed by Present et al .
The Fistula Drainage Assessment defines an active
fistula by the existence of a purulent discharge after
gentle finger compression of an external opening.
The occurrence, improvement or worsening of
[8]
endoscopic lesions and APLOC need to be carefully
described in daily practice and clinical trials and this
requires consensual definitions with good interobserver
agreement.
The aims of this study were: (1) to find in literature,
or to establish, a list of consensual descriptors of
APLOC; and (2) to evaluate inter-individual variation in
the use of these descriptors.

MATERIALS AND METHODS
Neither written consent nor institutional review board
approval was required as French law considers that it
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definitions and a second vote, on the new definitions,
took place. In the case of missing values, analysis was
considered valid if at least 9 scores were obtained for
a proposal. If there were no missing values, one of
the scores could be excluded, in the analysis of the
degree of agreement, according to the following rules:
the lowest score was excluded if the median was > 5,
the highest score was excluded if the median was
≤ 5. The analysis distinguished the proposals that
were deemed appropriate, those that were deemed
inappropriate and those on which the group did not
reach a consensus.

active.

Consensus steps

Vote 1: A list and definition of descriptors was
discussed (each with its own qualifier). The list of
definitions submitted to the first vote and the results
are shown in Table 1. During the subsequent consensus
meeting that aimed to reconsider definitions without
strong agreement, experts considered it important
to qualify ulceration by location, inflammatory aspect
of edges and depth. They also considered it worth
describing the extension of the lesions. For fistulae, they
decided to follow the AGA’s guidelines which defines
fistula complexity and insisted that while complexity can
sometimes be diagnosed from a photo, inspection alone
[3]
is insufficient to qualify a fistula as simple .

Phase 2: Study of interobserver agreement on the
diagnosis of APLOC

Each expert evaluated a second set of 20 new
APLOC photos, selected by the organising group and
©
completed an online questionnaire on a Formstack
platform. This platform provides the ability to set-up a
conditional algorithm and enables the automatic input
©
of the results into a Microsoft Excel database. The
questionnaire required the evaluation of the presence
or absence of each of the descriptors selected during
the first phase of the study. All items for each picture
had to be completed on the platform to allow access to
the next photo.

Vote 2: The list of definitions submitted for the second
vote and the results are shown in Table 2. In accordance
with the protocol, extreme data were excluded for six of
the proposals. The definition of a lesion node obtained
relative agreement [median 7.8 (6-9); two values < 7].
The remaining definitions received strong agreement.

Phase 2: Interobserver agreement on the description of
APLOC using consensual definitions

There was substantial agreement for the diagnosis of
ulceration (κ = 0.70, 95%CI: 0.62-0.78). There was
73.3% agreement for qualifying marginal and perianal
locations. There was no consensus for either the
qualification of anal canal location (53.3%). The depth
feature did not reach an agreement for ulceration,
as well as the characteristic extension. There was
moderate agreement for the diagnosis of anal skin tags
(κ = 0.49, 95%CI: 0.41-0.57) and 75% agreement
for the evaluation of activity and ulcerated appearance.
There was substantial agreement for the diagnosis
of fistulae (κ = 0.75, 95%CI: 0.66-0.83) and the
evaluation of external opening inflammation (86.6%).
There was some disagreement when appreciating
complexity (60%) and quality of drainage (33.3%).
Experts considered that fistula complexity and quality
of drainage could not be evaluated from the photos
in 10% and 21% of the test cases respectively. The
diagnosis of perineal skin lesions obtained moderate
agreement (κ = 0.50, 95%CI: 0.42-0.59). The items
erythema and abscesses obtained good agreement
(100% and 84.6% respectively). There was fair
agreement for the diagnosis of scar appearance (κ
= 0.34, 95%CI: 0.26-0.43) and an agreement of
75% for the inflammatory characteristics. Figure 3
shows the APLOC where diagnosis had substantial
interobserver agreement (four photos from the
selection used in Phase 2).

Statistical analysis

Quantitative data from the two ratings were expressed
as averages. Qualitative data from the annex of the
first vote were expressed as proportions. Statistical
analysis was performed with IBM SPSS Statistic for
Windows© Version 20.0. The interobserver agreement
on the diagnosis of ulceration, anal skin tag, fistula,
anoperineal scar and perianal skin lesion was measured
using Fleiss’s kappa coefficient with 95%CI. The
interpretation of the values was performed according to
[9]
the Landis and Koch scale : almost perfect agreement
between 0.81-1, substantial agreement between
0.61-0.80, moderate agreement between 0.41-0.60,
fair agreement between 0.21-0.40, slight agreement
between 0.01- 0.20 and absence of agreement < 0.
The interobserver agreement for the other items was
estimated using descriptive statistics and a threshold of
80% was arbitrarily chosen to define agreement.

RESULTS
Phase 1: Establishment of consensual definitions of
descriptor terms and adjectives

Analysis of the usual descriptions used in literature
and reports Terms used in literature to evaluate visible
APLOC do not include precise definitions or reference
to definitions. Most of the expert reports on the first
set of photos agreed with the main diagnosis but their
verbatim descriptions contained substantial variation.
For example, some experts used the term fissure
while others used the term ulceration; and the fistula
opening was qualified as inflammatory, productive or
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DISCUSSION
Consensual definition of the words and adjectives
used to describe the APLOC are lacking in medical
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Table 1 Initial proposed definitions submitted for the first vote and the results of the agreement for those propositions
Lesions and descriptors
Ulceration
Depth
Deep or cavitating
Superficial
Location
Anal canal and anal margin
Anal margin
Perianal
Extension
Extensive
Limited
Skin tag
Activity
Inflammatory
Non inflammatory
Perianal skin lesions
Papula
Node
Edema
Erythema
Pustula
Abscess
Fistulae
Complexity
Complex
Simple
Note
Drainage
Well drained
Poorly drained
External opening(s)
Inflammatory
Scar appearance

1

Definitions submitted to the votes

Agreement scores
2

Skin or mucosal defect

8.7 (8-9)

Visible muscular and/or granulation tissue and/or undermined and inflammatory edges
Which is not deep

8 (7-9)2
7.7 (7-9)2

Visible after unfolding the anal radial folds
Anal external edges
Outside the anus radial folds

7 (1-9)
7.9 (5-9)
8.6 (6-9)

≥ 5 mm
< 5 mm
Tense nodular lesion with granulomatous but not papillomatous aspect

5.6 (1-9)3
5.6 (1-9)3
4.8 (2-9)3

Edematous aspect
Fibrous aspect

6 (3-9)3
6.2 (3-9)3

Visible and elevated palpable lesion < 2 cm in diameter
Nodular cutaneous elevation, visible and/or palpable, diameter ≥ 2 cm
Swollen area
Redness
Raised, visible and palpable lesion, with cloudy fluid content
Swollen red skin, sometimes surrounded by necrosis area and which can release pus

8 (6-9)
6.1 (1-9)
6 (3-7)3

Recto-vaginal fistula or multiple external openings or abscess or remote external opening
Single external opening, next to anal margin, without abscess
Inspection alone can sometimes confirm the diagnosis of a complex fistula
Inspection alone cannot establish a diagnosis of simple fistula with certainty

6.6 (4-9)
6.3 (3-9)3
9 (9-9)3
8 (6-9)3

No abscess, no visible discharge and non-inflammatory external openings
Inflammatory external opening(s) and/or abscess

7.6 (5-9)
7.4 (4-9)

Erythematous surrounded skin and budding port(s) with undermined edges
Fibrous and retracted aspect of the anal margin
Deformed anus

8.5 (7-9)2
7.8 (6-9)
7.8 (5-9)

8.2 (6-9)
6.5 (5-9)

1

Median and distribution; 2Definitions with strong agreement; 3Missing data.

literature except for fistulae. We established the missing
consensual definitions and showed that experts have
substantial interobserver agreement when using them
to diagnose and describe fistulae, ulcerations, activity of
external openings and erythema from photos.
This study has several limitations. The first is that
inspection is only one step in the diagnoses of APLOC
which also requires palpation (digital external and
anal examination), endoscopic rectal examination and
[5]
often MRI and/or EUS when fistulae are suspected .
The experts had only access to the photos but not to
MRI or digital examination, which are often considered
as confirmation elements or gold standard. Another
limitation is that only French experts were involved.
However, there is a need to establish consensual
wording describing the visible lesions and we believe
that this step will help future studies evaluate if
and how treatments influence lesions. Obtaining
expert group consensus was relatively simple and
consequently, we expect the definitions will also get
consensus in other countries and continents. A similar
approach, using consensual definitions, has allowed
significant improvement in medical trials and daily
practice using endoscopy as an endpoint, although
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central reading by specialised experts still decreases
[10,11]
interobserver variability
. Consequently, we feel it
is important for surgeons and non-operating specialists
to use a common language (the majority of the
experts in this study perform surgical treatment of
APLOC). Even though a fistula cannot be considered
as completely closed without palpation, especially
under anesthesia, visual inspection of lesions without
a surgeon present does provide additional information
and we believe the definition of lesions and their
characteristics as proposed here is valid.
APLOC are heterogeneous. The most severe are
deep ulcers, fistulae and abscesses (penetrating lesions)
and stenosis. Established classifications of fistulae help
[4,12]
predict the risks and influence of treatment decisions
.
The Fistula Drainage Assessment, established and first
[7]
used by Present et al , characterises fistulae as open
(i.e., actively draining) or closed. A fistula is considered
to be open if an investigator can express purulent
material from the fistula by gentle finger compression.
Following the principles of this study, improvement can
be recognised in the case of reduction of an open or
secreting fistula by greater than 50% compared with
baseline levels on at least two consecutive examinations
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Table 2 Consensual definitions and agreement scores
Lesions and descriptors
Ulceration
Depth
Superficial
Deep
Cavitating
Localisation
Anal canal
Anal margin
Perianal
Extension
Number
Percentage of ulcerated area
Skin tag
Activity
Inflammatory
Non inflammatory
Ulcerated (vs not)
Perianal skin lesions
Papula
Node2
Oedema
Erythema
Abscess
Fistula
Complexity

Drainage
Well drained
Poorly drained

External opening
Inflammatory
Scar appearance

1

Consensual definitions

Agreement scores
3

Skin or mucosal defect

8.7 (8-9]

Which is not deep
Visible muscular and/or granulation tissue and/or undermined and inflammatory edges
Deep decaying and destructive ulceration

8 (7-9)3
7.7 (7-9)3
8.6 (8-9)

Visible after unfolding the anus radial folds
Anal external edges
Outside the anus radial folds

8.5 (7-9)
8.5 (7-9)
9

< 25%, 26-50%, > 50% of the anal circumference
Skin thickening of the anus

8.6 (8-9)
8.3 (5-9)
7.2 (3-9)

Oedematous, swollen, tense
Fibrous, firm and non-oedematous aspect
Ulceration on the skin tag (vs no ulceration on the skin tag)

8 (4-9)
8.7 (2-9)
7.8 (2-9)

Elevated, circumscribed and solid lesion without liquid content
Elevated, nodular and protruding lesion, impression of deep extension
Swollen appearance
Flat redness
Swollen red skin, which may be surrounded by necrosis area and which can release pus

8.1 (6-9)
7.8 (6-9)
8.2 (7-9)
8.3 (5-9)
8.3 (7-9)

AGA’s definitions (3)
It is possible to recognize that a fistula is complex by inspection alone
Inspection alone is not always sufficient to reliably recognize that a fistula is simple

7.2 (1-9)
8.5 (7-9)

Absence of abscess, of purulent discharge an non inflammatory external opening(s)
Inflammatory external opening(s) and/or abscess and/or spontaneous purulent discharge
Poor drainage of a fistula can be diagnosed by inspection alone
Inspection alone is often not sufficient to be certain that a fistula is well drained

7.8 (5-9)
7.5 (5-9)
8.6 (7-9)
7.6 (1-9)

Erythematous surrounded skin and budding port(s) with undermined edges
Deformed anus with fibrous aspect and/or retractile appearance of the anal margin
With inflammatory activity or not

Validated by vote 1
7.6 (8-9)
7.6 (3-9)

1

Median and distribution; 2Validated by vote 1; 3All definitions obtained a strong agreement except the entity “node”.

and remission can be defined as a cessation of
secretion of all fistulae in relation to the baseline level
on at least two consecutive examinations. The gentle
finger compression technique can vary between investi
gators and its reproducibility is unknown. Moreover,
several studies using MRI or EUS have demonstrated
that a fistulae may have persistent activity even when
[13]
it looks closed . We think that the inflammatory
aspect of the external orifice provides meaningful
information for the clinician and show here that it can
be assessed with good interobserver reproducibility
using our definitions. On the other hand, some chronic
fistulae have a “cold appearance” with epithelialization
of the external opening allowing them to open. Using
a proper description to classify them would probably
help establish the best treatment strategy in this
specific setting. We consensually concluded that the
adjectives: “well drained” or “poorly drained”; and
“inflammatory” or “not inflammatory” aspects of the
external opening(s) and their definitions were the most
appropriate way to qualify fistula during inspection.
We also believe, in daily practice these characteristics
are often taken into account when deciding to optimise
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anti-TNF treatment and common wording would assist
the assessment for future treatment studies. The
duration of fistula persistence, sometimes dependent
on its mode of onset, is probably important for the
risk of evolution towards a complex form and fibrosis.
Using a validated and consensual vocabulary should
allow the demonstration and quantification of this.
Superficial APLOC also have a prognostic value
as some represent the early stages of penetrating
and stenosing lesions. In the literature and the
spontaneous verbatim reporting by the experts
during the first step of this study, the words fissure,
ulceration and ulcer had not been defined neither their
differences. We came to the consensus that the term
ulceration was appropriate for all losses of substances
(be it in the skin or anal area) and the depth of
ulceration could be reproducibly and meaningfully
described using the adjectives superficial, deep and
cavitating. The definitions we have proposed should
help future studies describe the natural history of
lesions or their evolution during treatment. We think
that inflammatory lesions including inflammatory
skin tags, inflammatory external openings and frank
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Ulcerations, fistula,
inflammatory external
openings

Ulceration

Fistula, inflammatory
external openings,
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Fistula, inflammatory
external openings

Fistula, erythema,
non inflammatory
external openings

Ulceration

Fistula, non inflammatory
external openings,
erythema

Ulcerations, fistula,
inflammatory
external openings

Figure 3 Anoperineal lesions of Crohn's which achieved a substantial degree of interobserver reproducibility for their diagnosis (photos used in phase 2).
line definitions. From a series of APLOC photos, the diagnosis of ulceration,
fistulae, inflammatory activity of external fistula openings, abscesses and
erythema achieved a substantial degree of interobserver reproducibility.

erythema also benefit from treatment optimisation
(especially with anti-TNF agents) and this should be
evaluated in future studies.
In conclusion, this study constructed consensual
definitions of APLOC and their characteristics and
demonstrated that experts have substantial interobserver
agreement when using them. While definitions of the
most severe lesions (fistulae) had been proposed
here, there was a lack of definition for early-lesions
which should be treated more aggressively to avoid
irreversible lesions. These definitions should ease clinical
studies and improve teaching of fellows and clinical
investigators.

Applications

Using these consensual definitions in daily practice and clinical studies should
allow for improvement in the reproducibility of reports describing APLOC and
their fate.

Terminology

The definitions of fistulae which already exist in literature have not been
changed. Those of other APLOC are easy to remember and apply.
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It is a study which explored the elaboration of consensual definitions of APLOC
and inter observer agreement on the diagnosis of these lesions between
experts. Authors suggest that herein they established the missing consensual
definitions and show that experts have a substantial interobserver agreement
when using them to diagnose and describe ulcerations, fistulas, activity of
external openings and erythema on photographs.
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Abstract

Institutional review board statement: This study protocol was
approved by the Ethics Committees at Iizuka Hospital (approval
No. 15174).

AIM
To investigate the factors influenced the efficacy of
tolvaptan (TLV) in liver cirrhosis.

Informed consent statement: For this type of retrospective
study formal consent in not required. Only patient administered
tolvaptan at 15 mg/day received a sufficient explanation of the
aim and contents of this study.

METHODS
We retrospectively enrolled 61 consecutive patients
with refractory hepatic ascites. All of them had been
treated with furosemide and spironolactone before
admission, and treated with TLV for 7 d in our hospital.
The effect of TLV was defined by the rate of body
weight loss, and the factors that influenced TLV efficacy
were analyzed using multiple regression.

Conflict-of-interest statement: The authors declare no conflict
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Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
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RESULTS
Coexistent hepatocellular carcinoma (HCC) was the
only significant predictive variable that attenuated the
efficacy of TLV. In stratified analysis, high doses of
furosemide decreased the efficacy of TLV in patients
with HCC, and increased efficacy in those without
HCC. In the latter, a high Child-Pugh-Turcotte score
had a positive influence and a high concentration of
lactate dehydrogenase had a negative influence on the
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[10,11]

recommended as the first-line treatment
. However,
there are also non-responders as well as responders to
[12,13]
TLV
. Those findings indicate that the pathogenesis
of cirrhotic ascites includes multiple hormonal pathways
and the dominant pathway varies among individuals.
Portal hypertension is also involved in the develop
ment of cirrhotic ascites. Overt ascites is rarely seen if
[14]
the post-sinusoidal pressure gradient is < 12 mmHg .
Tumor thrombus in the main portal vein trunk can
cause an abrupt development of ascites. Although
many patients with cirrhosis are complicated by
hepatocellular carcinoma (HCC), studies investigating
the correlation between ascites and HCC have
been rare. Furthermore, scarce investigators payed
attention to the influence of HCC on the effect of TLV.
[15]
Suzuki et al recently reported the efficacy and safety
of TLV for the patients with advanced HCC, but the
number of the enrolled patients was only 9. A recent
study analyzing the efficacy of TLV has shown that
uncontrolled neoplasm is an independent factor that
negatively affects TLV treatment, but the mechanism
[5]
remains to be clarified .
Excess excretion of free water with TLV carries a risk
[16]
of hypernatremia . The use of concomitant natriuretic
diuretics such as furosemide or spironolactone is
required to avoid such an adverse reaction. However,
the best plan for the combination of TLV and other
diuretics relating to efficacy and safety has been
rarely examined. It is possible that appropriate use of
concomitant diuretics might reduce the number of nonresponders to TLV.
We have treated patients suffering from refractory
hepatic ascites with TLV regardless of being complicated
with HCC for 5 years. Compared with earlier studies,
the population included a high number of patients with
advanced HCC. In the present study, we retrospectively
investigated the factors that influenced the efficacy of
TLV with multiple regression analysis, to clarify the best
combination of TLV and other diuretics. Richness of
variety of our treated patients might contribute to draw
some useful information.

effectiveness of TLV.
CONCLUSION
Development of ascites may differ between patients
with liver failure and those with HCC progression. A
sufficient preceding dose of furosemide decreases
diuretic effect of TLV.
Key words: Ascites; Tolvaptan; Furosemide; Cirrhosis;
Hepatocellular carcinoma
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Efficacy of tolvaptan (TLV) for hepatic ascites
has been confirmed but some patients are resistant
to the drug. We investigate influencing factors of the
efficacy of TLV. As a result, coexistent hepatocellular
carcinoma (HCC) was the only significant predictive
variable that attenuated the efficacy of TLV. In
stratified analysis, high doses of furosemide decreased
the efficacy of TLV in patients with HCC, and increased
efficacy in those without HCC. This study suggests that
development of ascites may differ between patients
with liver failure and those with HCC progression. A
sufficient preceding dose of furosemide decreases
diuretic effect of TLV.
Miyazaki M, Yada M, Tanaka K, Senjyu T, Goya T, Motomura
K, Kohjima M, Kato M, Masumoto A, Kotoh K. Efficacy
of tolvaptan for the patients with advanced hepatocellular
carcinoma. World J Gastroenterol 2017; 23(29): 5379-5385
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i29/5379.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i29.5379

INTRODUCTION
Fluid retention such as ascites, edema or pleural
effusion is a major complication of advanced liver
cirrhosis, which results from distortion of hepatic
architecture and increased hepatic vascular tone, and
a subsequent derangement in the extracellular fluid
[1,2]
volume regulatory mechanisms
.
Tolvaptan (TLV) is a vasopressin V2 receptor
antagonist, which has been accepted as a useful diuretic
for patients with cirrhosis. Hypersecretion of antidiuretic
hormone (ADH) is involved in the development of
hepatic ascites, and inhibition of ADH causes free
[3]
water excretion . Cumulated reports investigating
the influence of TLV on patients with cirrhosis have
demonstrated its effectiveness, although a few
[4-9]
patients are resistant to TLV . The renin-angiotensinaldosterone (RAA) system, another hormonal re
gulator of hepatic ascites, is thought to be one of the
main causes of hepatic ascites. Spironolactone, an
inhibitor of aldosterone, combined with furosemide, is
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MATERIALS AND METHODS
Patients

From July 2011 to September 2015, 84 consecutive
patients with refractory hepatic ascites who were
treated with TLV were referred to our hospital. All of
them were hospitalized for ≥ 1 wk to monitor their
serum sodium concentration and body weight (BW).
Although they had been treated with furosemide and/
or spironolactone before admission, only 61 patients
who had received both drugs were enrolled. They
consisted of 36 men and 25 women, ranging in age
from 43 to 91 years. They all underwent computed
tomography on admission, which showed liver cirrhosis
and massive ascites, and 32 had HCC (Table 1).
The daily dose of TLV was determined to be 3.75,
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Statistical analysis

Decreased body weight (%)

25

P < 0.05

20

The individual correlation between the decreased BW%
and the factors that might influence TLV efficacy was
tested by linear regression analysis for consecutive
variables, or by post hoc analysis for categorical
ones. To confirm the predictive factors for the de
creased BW%, those variables were analyzed using
stepwise multiple regression analysis. The evaluated
factors were the daily dose of TLV, furosemide and
spironolactone, complicating HCC, portal thrombosis in
the main trunks, T factor of TNM classification of Union
for International Cancer Control, Child-Pugh-Turcotte
(CPT) score, serum levels of blood urea nitrogen,
sodium, potassium, and lactate dehydrogenase (LDH),
estimated glomerular filtration rate, and platelet count.
All laboratory data were derived upon admission. If
the samples of consecutive variables did not conform
to a normal distribution, they were transformed into
logistic or Johnson’s SU distribution before application
to regression analysis. In comparison between two
groups, averages of consecutive variables were tested
by Wilcoxon’s test, and the categorical variables were
2
tested by Pearson’s χ test. All statistical analyses were
performed using JMP version 13.0.0 software (SAS
Institute Inc., Cary, NC, United States). In all analysis, a
P value < 0.05 was considered statistically significant.

15
10
5
0
-5
-10

HCC (+)

HCC (-)

Figure 1 Comparison of decreased body weight (%) between patients
with and without hepatocellular carcinoma. The diuretic effect of tolvaptan
was significantly higher in patients without hepatocellular carcinoma. HCC:
Hepatocellular carcinoma.

Table 1 Characteristics of the patients with and without
hepatocellular carcinoma
HCC (+)
n
Age
Sex (M/F)
Decreased BW (kg)
Decreased BW (%)
TLV (3.75/7.5/15 mg/d)
Furosemide
(≤ 20/20 <, ≤ 40/> 40 mg/d)
Spironolactone
(≤ 25/25 <, ≤ 50/> 50 mg/d)
Portal thrombus (+/-)
Albumin (g/dL)
CPT score
BUN (mg/dL)
Na (mEq/L)
K (mEq/L)
eGFR (mL/min)
LDH (IU/L)
Platelet count (× 104/µL)
T factor of TNM classification
(T1/T2/T3a and T3b)

HCC (-)

P vaule

32
71.0 ± 11.2
19/13
1.68 ± 3.81
2.56 ± 5.23
3/24/5
8/13/11

29
61.8 ± 11.3
17/12
3.43 ± 3.00
5.36 ± 4.27
2/22/5
8/11/10

0.0064
0.9523
0.0130
0.0127
0.9325
0.9671

2/8/22

2/10/17

0.6986

8/24
2.64 ± 0.38
10.7 ± 2.0
21.3 ± 8.2
134.1 ± 5.7
4.02 ± 0.67
58.66 ± 21.78
293.8 ± 164.1
10.87 ± 5.38
6/13/13

0/29
2.31 ± 0.48
11.1 ± 1.7
18.6 ± 10.2
134.6 ± 5.4
3.85 ± 0.55
69.52 ± 40.39
259.6 ± 107.2
12.40 ± 11.35
-

RESULTS
Analysis of all patients

In evaluating the correlation between decreased BW%
and individual variables, there was no significant
correlation, except for the coexistence of HCC (Figure
1). Stepwise multiple regression analysis showed
that a model with the coexistence of HCC and serum
LDH concentration was significant for predicting the
decrease of BW% (Table 2), but the coefficient of the
latter was not significant (P = 0.0669). Coexistence of
HCC was the only significant predictive factor, which
means that the patients with HCC would be more
resistant to TLV treatment than those without HCC.
The coefficient of determination of this model was
2
small (R = 0.1334), and the result indicated the
possibility that the ascites of the patients with HCC had
a different development mechanism from that of the
patients without HCC. Therefore, a stratified analysis
was subsequently performed dividing the patients into
those with and without HCC.

0.0039
0.0045
0.2357
0.1584
0.5620
0.4827
0.8285
0.4228
0.8852
-

CPT score: Child-Pugh-Turcotte score; BW: Body weoght; HCC:
Hepatocellular carcinoma; eGFR: Estimated glemerular filtration rate;
BUN: Blood urea nitrogen; LDH: Lactate dehydrogenase; TLV: Tolvaptan.

7.5, or 15 mg roughly according to the patient’s body
size. TLV was continuously administered for 7 d from
the time of admission, while the preceding furosemide
and spironolactone were concomitantly given without
changing the doses.
This study protocol conformed to the ethical guide
lines of the 1975 Declaration of Helsinki and was
approved by the ethics committees at our institutions.

Analysis of patients with and without HCC

Patients with HCC were younger by about 10 years
than those without HCC, but the other variables did
not differ significantly, except that serum albumin
concentration was higher in the former (Table 1).
The correlations between decreased BW% and
every variable in Table 1 were examined by linear
regression analysis or by post hoc analysis for the

Judgment of the efficacy of TLV

The efficacy of TLV was determined using the following
formula: Decreased BW% = (BW before TLV - BW at
day 7)/BW before TLV × 100%.
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120

HCC (+)

10
0
-5
15

HCC (-)

10
5
0
-5

r = 0.1861
P = 0.3652

110

Density of population
Low
High

100

r = 0.3756
5
P = 0.0341

Spironolactone (mg/d)

Decreased body weight (%)

15

120

130

140

80
60
40
20
0

150

0

20

Serum sodium concentration (mEq/mL)

Decreased body weight (%)

HCC (+)

0
-5
≤ 20

20-40 > 40

Furosemide (mg/d)

Figure 3 Influence of concomitant furosemide on decreased body weight
(%). Although the difference between each dose category was not significant,
high dose of furosemide attenuated the decreased body weight (%) in patients
with hepatocellular carcinoma (HCC), while the tendency was opposite in those
without HCC.

patients with and without HCC. Only the correlation
between sodium concentration and decreased BW%
in the patients with HCC was significant (Figure 2),
and patients with lower sodium concentration were
resistant to TLV.
Stepwise multiple regression analysis selected
the dose of furosemide and T factor as predictive
factors in patients with HCC, but the coefficient of
the T factor was not significant (P = 0.0629). In
the patients without HCC, the dose of furosemide,
CPT score, and serum LDH concentration were in
dependent significant predictive factors (Table 2).
Although the dose of furosemide was selected as a
significant predictive factor in both groups, the effect
was opposite. The high dose of furosemide decreased
TLV efficacy in patients with HCC, whereas it improved
efficacy in those without HCC (Figure 3). In contrast,
spironolactone, the other natriuretic diuretic, was not
a predictive factor of TLV efficacy. In comparing the
doses of both natriuretic diuretics, a large amount of
total diuretics was mainly regulated by increasing the
dose of furosemide (Figure 4).
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100

The diuretic efficacy of TLV in patients with cirrhosis
[4-9]
has been confirmed in earlier studies . The reported
effective ratio, however, was 36%-63%, and the
prediction of the effectiveness before treatment is
still difficult. The diuretic effect of TLV appears as an
antagonist of ADH, and the heterogeneous efficacy is
thought to be based on various degrees of contribution
of ADH to development of ascites. In this study, we
showed that the response to TLV differed between
patients with and without HCC, which indicates that
ascites develops differently in patients with and
without HCC.
Although the pathogenic factors and signaling
pathways that cause cirrhotic ascites are complex, it is
commonly accepted that two main events trigger the
development of ascites: splanchnic vascular dilatation
caused by vasodilators relating to the progression of
[17,18]
liver failure, and portal hypertension
. The former
leads to a decrease of systemic circulating blood flow
volume and subsequent reabsorption of sodium by
the RAA system and water by the ADH system (Figure
5B). If patients with HCC have a unique mechanism
for development of ascites, it might be a dominant role
of portal hypertension because it has been established
that HCC progresses with microvascular invasion, even
[19]
in its early stage. Pawlik et al
analyzed patients
with HCC who underwent liver transplantation, and
revealed that HCC < 3 cm in diameter was already
accompanied by 25% minor vascular invasion, which
[20]
reached 63% in HCC > 6.5 cm. Recently, Chen et al
showed that macro- and microvascular invasion were
independent factors relating to the development of
ascites in patients with HCC caused by hepatitis B
virus. These findings indicate that the development of
ascites following HCC progression is mainly caused by
portal hypertension subsequent to vascular invasion.
In our study, stepwise multivariate regression
analysis of patients with HCC selected a high T factor
and a large dose of furosemide as independent factors

5

20-40 > 40

80

DISCUSSION

HCC (-)

10

≤ 20

60

Figure 4 Individual doses of furosemide and spironolactone were plotted.
The area of the black-to-white gradation shows the population density. When
the total amount of natriuretic diuretics, it was mainly controlled by the dose of
furosemide.

Figure 2 In patients with hepatocellular carcinoma, serum sodium
concentration before treatment with tolvaptan was positively correlated
with decreased body weight (%), while no significant correlation was seen
in those without hepatocellular carcinoma. HCC: Hepatocellular carcinoma.

15

40

Furosemide (mg/d)
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A

B

Increased portal vein pressure

Splanchnicvasodilatation

Effective circulating blood flow ↓

Ascites
Excess furosemide

Plasma Na Concentration ↓

Effective circulating blood flow ↓

ADH secretion ↑

RAA system ↑

H2O reabsorption ↑

Na reabsorption ↑

H2O intake ↑
ADH secretion ↓

Ascites

ADH secretion ↑

H2O intake ↑

Figure 5 If a sufficient dose of furosemide was administered to patients whose ascites mainly developed mainly because of portal hypertension, such as
in aggressive hepatocellular carcinoma, it decreased serum sodium concentration and subsequently attenuated antidiuretic hormone secretion. In that
condition, the effect of tolvaptan might be limited (A). In contrast, in patients with ascites that developed mainly because of attenuated liver function, hormonal diuretic
systems were activated. A sufficient dose of furosemide reduced the role of the RAA system, and increased that of ADH (B). ADH: Antidiuretic hormone; RAA: Reninangiotensin-aldosterone.

Table 2 Stepwise multiple regression analysis to predict the decreased body weoght (%)
Variables
For all patients
HCC (-/+)
Ln (LDH)
For the patients with HCC
Furosemide (≤ 40 mg vs > 40 mg/d)
T-factor (T1 and T2 vs T3)
For the patients without HCC
Furosemide (≤ 20 mg vs > 20 mg/d)
CPT score
Ln (LDH)

Coefficient

95%CI

F

P value

-1.2734
-2.7773

(-2.4886, -0.0581)
(-5.7547, 0.2000)

4.3995
3.4866

0.0403
0.0669

-2.0574
-1.6036

(-0.2775, -3.8373)
(-0.0932, 3.3494)

5.5889
3.7494

0.0250
0.0629

2.0854
1.4320
-6.2691

(3.8667, 0.3040)
(0.3801, 2.4839)
(-11.0598, -1.4786)

5.8379
7.8941
7.2950

0.0237
0.0097
0.0125

For all patients: Decreased BW% = 19.3220 - 1.2734 [HCC (-/+)] - 2.7773 [Ln (LDH)], R2 = 0.1334, P = 0.0157, [HCC (-) = -1, HCC (+) = 1]; For the patients
with HCC: Decreased BW% = 1.5085 - 1.9322 (T factor) - 2.3751 (Furosemide), R2 = 0.2570, P = 0.0135, (T1 and T2 = -1, T3 = 1), (Furosemide ≤ 40 mg/d = -1,
Furosemide > 40 mg/d = 1); For the patients without HCC: Decreased BW% = 22.9810 + 2.0854 (Furosemide) + 1.4320 (CPT score) - 6.2691 [Ln (LDH)], R2 =
0.3379, P = 0.0178 (Furosemide ≤ 20 mg/d = -1, Furosemide > 20 mg/d = 1). CPT score: Child-Pugh-Turcotte score; HCC: Hepatocellular carcinoma; LDH:
Lactate dehydrogenase.

that could attenuate the diuretic effect of TLV. Patients
with HCC had a significantly higher level of serum
albumin and were younger by about 10 years than
those without HCC, which indicated that ascites in the
former appeared at an earlier stage of liver cirrhosis.
In many of the patients with HCC, therefore, vascular
invasion and increased portal hypertension might have
triggered the development of ascites. Administration
of a sufficient dose of furosemide in such conditions
should have decreased plasma osmotic pressure and
systemic circulating blood flow volume. As a decline in
plasma osmotic pressure suppresses secretion of ADH,
it is possible that the efficacy of TLV in patients with
such a background would have been limited (Figure
5A). The positive significant correlation between
sodium concentration before treatment with TLV and
decreased BW% seems to support this hypothesis.
[21]
Pose et al
recently reported that TLV had a
limited effect in patients with cirrhosis and severe
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hyponatremia. Their result has a similar explanation.
[22]
Nakagawa et al
reported the analysis of 40 cirrhotic
patients treated with TLV including 12 with HCC. They
showed that the progression of portal hypertension
attenuated the effect of TLV, but the mechanism was
unclear. A multivariate analysis including the dose of
concomitant natriuretic diuretics and serum sodium
concentration might have been helpful to clarify the
process.
In patients without HCC, a high CPT score and
a large dose of furosemide amplified the efficacy of
TLV, while high serum LDH concentration attenuated
efficacy. High CPT score indicates progression of liver
failure involving an increase in vasodilators, therefore,
the RAA system and ADH should play a greater role
than portal hypertension in the development of ascites.
A sufficient dose of furosemide in that condition
should offset the effect of the RAA system, leading to
an increase in ADH signaling. This speculation might
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attenuated the efficacy of TLV. In stratified analysis, high doses of furosemide
decreased the efficacy of TLV in patients with HCC, and increased efficacy in
those without HCC.

explain the positive correlation of CPT score and dose
of furosemide with TLV response. The increase of
serum LDH concentration is thought to reflect the
excessive decrease of systemic circulating blood flow
volume, because transcription of LDH increases in
[23]
hypoxic circumstances . The significant LDH increase
indicates an excessive decrease in renal blood flow,
which should reduce the effect of ADH.
The dose of spironolactone was not selected as a
significant parameter in the multiple regression analysis
in contrast to that of furosemide. The difference could
have arisen from the imbalanced use of the drugs.
As shown in Figure 4, the total dose of diuretic drugs
seems to have been controlled mainly by the dose of
furosemide, which was probably based on the desire
to avoid hyperkalemia. In discussing the mechanism
of the combined use of furosemide and spironolactone
with TLV, the important thing is the natriuretic potency
of them. Therefore, at least in this study, the dose
of furosemide should roughly represent the total
natriuretic potency of furosemide and spironolactone.
We believe that the opposite influence of the
concomitant use of furosemide on the efficacy of
TLV is clinically important. Generalizing our results
to patients with hepatic ascites, furosemide should
be given in sufficient dose with TLV to patients with
ascites that is predominantly induced by liver failure.
However, furosemide should be withheld from patients
with ascites that is predominantly caused by portal
hypertension, which includes many of the patients with
advanced HCC-induced ascites. However, the number
of patients in our study was too small to make definite
recommendations, and an additional, larger study is
required.
In conclusion, our results suggest that ascites in
patients with HCC responds less well to TLV compared
with ascites in patients without HCC. The difference
arises from the variant mechanisms of the development
of ascites. Excess use of preceding natriuretic diuretics
might attenuate the diuretic efficacy of TLV. Further
studies including hormonal parameters are required to
establish appropriate combined treatment with TLV and
natriuretic diuretics.

Applications

This study suggests that development of ascites may differ between patients
with liver failure and those with HCC progression. A sufficient preceding dose of
furosemide decreases diuretic effect of TLV.

Terminology

TLV is a vasopressin V2 receptor antagonist, which has been accepted as a
useful diuretic for patients with cirrhosis.
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Abstract
AIM
to compare the outcomes of preoperative endoscopic
nasobiliary drainage (ENBD) and endoscopic retrograde
biliary drainage (ERBD) in patients with malignant distal
biliary obstruction prior to pancreaticoduodenectomy
(PD).
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METHODS
Data from 153 consecutive patients who underwent
preoperative endoscopic biliary drainage prior to PD
between January 2009 and July 2016 were analyzed.
We compared the clinical data, procedure-related
complications of endoscopic biliary drainage (EBD) and
postoperative complications of PD between the ENBD
and ERBD groups. Univariate and multivariate analyses
with odds ratios (ORs) and 95% confidence intervals
(95%CIs) were used to identify the risk factors for
deep abdominal infection after PD.
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RESULTS
One hundred and two (66.7%) patients underwent
ENBD, and 51 (33.3%) patients underwent ERBD.
Endoscopic sphincterotomy was less frequently
performed in the ENBD group than in the ERBD group
(P = 0.039); the EBD duration in the ENBD group
was shorter than that in the ERBD group (P = 0.036).
After EBD, the levels of total bilirubin (TB) and alanine
aminotransferase (ALT) were obviously decreased in
both groups, and the decreases of TB and ALT in the
ERBD group were greater than those in the ENBD group
(P = 0.004 and P = 0.000, respectively). However,
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by periampullary carcinoma, pancreatic carcinoma
and other malignant diseases, can lead to obstructive
jaundice. Pancreaticoduodenectomy (PD) is the curative
treatment for malignant distal biliary obstruction.
Hyperbilirubinemia causes organ dysfunction, including
liver and cardiac dysfunction, as well as coagulation
dysfunction, bacterial translocation and cholangitis.
Preoperative biliary drainage (PBD) can reduce serum
bilirubin levels, which may improve the outcomes of
[1]
surgical treatment . However, controversy regarding
the use of PBD for malignant distal biliary obstruction
prior to PD has existed for decades. Some studies found
that PBD did not improve the outcomes of surgery but
did increase postoperative complications (infectious
complication, postoperative pancreatic fistula, delayed
gastric emptying, etc.) and hospitalization, and PBD
was considered a negative prognostic factor for
the long-term survival of patients with malignant
distal biliary obstruction after PD. Therefore, some
researchers suggested that PBD should be avoided
or should not be performed routinely in patients with
[2-6]
malignant distal biliary obstruction after PD . No
consensus regarding whether to perform PBD for
malignant obstructive jaundice has been established.
However, PBD is still used at many centers for patients
presenting with hyperbilirubinemia or cholangitis
to improve their preoperative state. PBD can be
performed via endoscopic biliary drainage (EBD) or
via percutaneous transhepatic biliary drainage (PTBD).
EBD has been shown to be superior to PTBD for the
treatment of malignant distal biliary obstruction prior
to PD because PTBD is more invasive and is associated
with a higher rate of complications and higher incidence
[7,8]
of catheter tract metastasis . Several recent reports
have shown that EBD is the preferred method because
patients with malignant distal biliary obstruction who
undergo PTBD prior to PD have poorer long-term
[9-12]
survival than those who undergo EBD
. EBD can be
performed via endoscopic nasobiliary drainage (ENBD)
with a nasobiliary catheter or via endoscopic retrograde
biliary drainage (ERBD) with a plastic stent. There is
debate regarding which is the more beneficial method
for patients with malignant distal biliary obstruction,
and several papers have suggested that ENBD is
superior to ERBD when considering the incidence of
stent dysfunction, perioperative complication rate and
[13,14]
mortality
.
In the present study, we retrospectively investigated
the outcomes of EBD via ENBD with a nasobiliary
catheter and ERBD with a plastic stent in patients with
malignant distal biliary obstruction prior to PD.

the rate of EBD procedure-related cholangitis was
significantly higher in the ERBD group than in the ENBD
group (P = 0.007). The postoperative complications
of PD as graded by the Clavien-Dindo classification
system were not significantly different between the two
groups (P = 0.864). However, the incidence of deep
abdominal infection after PD was significantly lower in
the ENBD group than in the ERBD group (P = 0.019).
Male gender (OR = 3.92; 95%CI: 1.63-9.47; P = 0.002),
soft pancreas texture (OR = 3.60; 95%CI: 1.37-9.49; P
= 0.009), length of biliary stricture (≥ 1.5 cm) (OR =
5.20; 95%CI: 2.23-12.16; P = 0.000) and ERBD method
(OR = 4.08; 95%CI: 1.69-9.87; P = 0.002) were
independent risk factors for deep abdominal infection
after PD.
CONCLUSION
ENBD is an optimal method for patients with malignant
distal biliary obstruction prior to PD. ERBD is superior
to ENBD in terms of patient tolerance and the effect
of biliary drainage but is associated with an increased
risk of EBD procedure-related cholangitis and deep
abdominal infection after PD.
Key words: preoperative endoscopic biliary drainage;
endoscopic nasobiliary drainage; endoscopic retrograde
biliary drainage; pancreaticoduodenectomy; malignant
distal biliary obstruction
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To compare the outcomes of preoperative
endoscopic biliary drainage via endoscopic nasobiliary
drainage (ENBD) and endoscopic retrograde biliary
drainage (ERBD) in patients with malignant distal
biliary obstruction prior to pancreaticoduodenectomy
(PD), we studied 153 patients with malignant distal
biliary obstruction who underwent ENBD or ERBD
prior to PD. ERBD was superior to ENBD in terms of
patient tolerance and the effect of biliary drainage,
but the incidence rates of endoscopic biliary drainage
procedure-related complications and deep abdominal
infection after PD were higher than those associated
with ENBD. Multivariate analysis showed that ERBD was
an independent risk factor for deep abdominal infection
after PD. ENBD is the optimal method for patients with
malignant distal biliary obstruction prior to PD.
Zhang GQ, Li Y, Ren YP, Fu NT, Chen HB, Yang JW, Xiao
WD. outcomes of preoperative endoscopic nasobiliary drainage
and endoscopic retrograde biliary drainage for malignant distal
biliary obstruction prior to pancreaticoduodenectomy. World J
Gastroenterol 2017; 23(29): 5386-5394 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i29/5386.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i29.5386

MATERIALS AND METHODS
Patients

Between January 2009 and July 2016, a prospectively
collected database of patients with malignant distal
biliary obstruction who had undergone EBD prior to PD
(Whipple) at the First Affiliated Hospital of Nanchang

INTRODUCTION
Malignant distal biliary obstruction, which is caused
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[15]

University was retrospectively reviewed. EBD was
performed for patients with hyperbilirubinemia and poor
liver function prior to PD. This study was approved by
the ethics committee of the First Affiliated Hospital
of Nanchang University. A total of 153 patients with
malignant distal biliary obstruction (total bilirubin ≥
100 µmol/L) underwent EBD (ENBD or ERBD). The
ENBD group was matched in a 2:1 ratio to the ERBD
group with respect to patient clinical characteristics,
data of EBD and PD. Endoscopic sphincterotomy (EST)
was performed in patients with severe stenosis when
balloon dilatation was not possible. We used a 7.5-Fr
tube in the ENBD group and an 8.5-Fr plastic stent in
the ERBD group. After the drainage procedure, the
surgeon evaluated the patients regarding bilirubin to
determine whether the surgical goals were achieved or
whether the drainage was dysfunctional, after which
PD was performed.

C) based on clinic symptoms and treatment . DGE
and PPH were also diagnosed according to the ISGPS
guidelines and were also divided into three grades (A, B
[16,17]
and C)
. Bile leakage was diagnosed when bile was
present in the drainage fluid or abdominal puncture
fluid. Deep abdominal infections, including peritoneal
infection and intra-abdominal abscess, were diagnosed
when there were signs of peritonitis, increased white
blood cell count, and positive drainage-fluid culture or
were confirmed by CT scan and puncture drainage.
Wound infection was diagnosed according to the
guidelines of the US Centers for Disease Control and
[18]
Prevention . Pneumonia diagnosis required clinical
symptoms and radiographic evidence, such as X-ray or
CT. In accordance with the Clavien-Dindo classification
system, the complications were classified into five
grades, and we further stratified the patients into the
mild (Ⅰ-Ⅱ), moderate (Ⅲ) and severe groups (Ⅳ-Ⅴ)
[19]
according to the severity of the symptoms . Mortality
was defined as death during the perioperative period
or death from surgery-related complications within 1
mo after discharge.

Data collection

We retrospectively reviewed the clinical data, including
age, gender, concomitant diseases (hypertension,
cardiac disease, diabetes mellitus, acute pancreatitis
and cholangitis), biochemical indicators [total bilirubin
(TB) and alanine aminotransferase (ALT)], EBD-related
data (the type and diameter of the nasobiliary catheter
and plastic stent and the length of the biliary stricture),
PD-related data (pancreatic texture, pancreatic duct
diameter, common bile duct diameter, operative time,
bleeding volume, and blood transfusion), the com
plications of EBD and the postoperative complications of
PD.

Statistical analysis

SPSS 18.0 software (Chicago, IL, United States) was
used for all statistical analyses. Data are expressed as
the mean ± SD or median values and percentages.
2
Statistical analyses were performed using the χ test
or Fisher’s exact test for categorical variables and
t-tests for numerical variables. The risk factors were
evaluated by univariate and multivariate analyses
with odds ratios (ORs) and 95% confidence intervals
(95%CIs). A two-sided P-value < 0.05 was considered
statistically significant.

Definition of complications

The complications of EBD included stent/tube
dysfunction, pancreatitis, cholangitis and others
(hemorrhage, perforation, etc.). Stent/tube dysfunction
included occlusion or migration that prevented the
serum bilirubin and transaminase from decreasing or
increasing. Pancreatitis was characterized by upper
abdominal pain, abdominal distension, vomiting and
other clinical symptoms, including serum amylase
concentration that was three or more times higher than
the upper limit of normal. Cholangitis was characterized
by fever, jaundice, and abdominal pain with an increase
in white blood cell count.
The postoperative complications of PD included
pancreatic fistula (PF), delayed gastric emptying
(DGE), postpancreatectomy hemorrhage (PPH), bile
leakage, deep abdominal infection, wound infection
and pneumonia. According to the guidelines of the
International Study Group on Pancreatic Fistula, PF was
confirmed when the concentration of amylase in the
peritoneal drainage fluid or abdominal puncture fluid
was three or more times higher than the upper limit
of the normal serum concentration after postoperative
day 3, and PF was divided into three grades (A, B and

WJG|www.wjgnet.com

RESULTS
Patient characteristics and surgical characteristics of
EBD and PD

In the study, 153 consecutive patients underwent EBD
(ENBD or ERBD) prior to PD, of whom 102 (67.7%)
underwent ENBD and 51 (33.3%) underwent ERBD. All
patients were diagnosed by postoperative pathology,
including 111 (72.6%) cases of papilla adenocarcinoma,
25 (16.3%) cases of distal cholangiocarcinoma and 17
(11.1%) cases of pancreatic head cancer. All patients
presented with severe jaundice, and the levels of TB
and ALT at admission were not significantly different
between the ENBD and ERBD groups (P = 0.667 and
P = 0.241, respectively). There were no differences in
age, gender or concomitant diseases (hypertension,
cardiac disease, diabetes mellitus, acute pancreatitis
and cholangitis) between the two groups (Table 1). The
data regarding the EBD procedure showed that the EST
and EBD durations were significantly different between
the two groups (Table 1). EST was less frequently
performed in the ENBD group than in the ERBD group
(P = 0.039), and the mean EBD duration in the ENBD
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Table 1 Demographic and clinical characteristics of patients who underwent endoscopic biliary drainage (endoscopic nasobiliary
drainage and endoscopic retrograde biliary drainage) prior to pancreaticoduodenectomy n (%)
Variable
Age (yr)
Gender (Male)
Concomitant diseases
Hypertension
Cardiac disease
Diabetes mellitus
Anemia
Hypoproteinemia
Acute pancreatitis
Acute cholangitis
Malignant disease
Papilla adenocarcinoma
Distal cholangiocarcinoma
Pancreatic carcinoma
ALT at admission (IU/L)
TB at admission (µmol/L)
Data of EBD
EST
Length of biliary stricture (cm)
EBD duration (d)
Data of PD
Operative time (min)
Intraoperative bleeding (mL)
Blood transfusion
Pancreas texture (soft)
Diameter of pancreatic duct (mm)
Diameter of common bile duct (cm)
Total hospital stay (d)
Postoperative hospital stay (d)
Total expenditure (USD)

ENBD (n = 102)

ERBD (n = 51)

P value

55.26 ± 9.07
58 (56.9)

56.24 ± 9.65
29 (56.9)

0.542
1.000

9 (8.8)
16 (15.7)
22 (21.6)
39 (38.2)
31 (30.4)
6 (5.9)
7 (6.9)

5 (9.8)
6 (11.8)
13 (25.5)
24 (47.1)
20 (39.2)
4 (7.8)
7 (13.7)

0.843
0.515
0.586
0.296
0.275
0.732
0.233
0.307

70 (68.7)
19 (18.6)
13 (12.7)
189.16 ± 161.52
198.92 ± 85.57

41(80.4)
6 (11.8)
4 (7.8)
158.41 ± 132.25
205.45 ± 93.69

0.241
0.667

48 (47.1)
1.55 ± 0.84
11.05 ± 4.87

33 (64.7)
1.58 ± 0.83
13.55 ± 7.60

0.039
0.849
0.036

358.97 ± 84.21
475.49 ± 274.47
45 (44.1)
56 (54.9)
3.35 ± 1.29
1.73 ± 0.45
31.85 ± 10.35
18.50 ± 9.50
10093 ± 3229

375.49 ± 105.66
488.04 ± 306.31
21 (41.2)
22 (43.1)
3.48 ± 1.29
1.78 ± 0.52
29.84 ± 10.03
16.80 ± 8.21
10100 ± 2779

0.334
0.798
0.729
0.170
0.567
0.540
0.254
0.278
0.988

EBD: endoscopic biliary drainage; ENBD: endoscopic nasobiliary drainage; EST: Endoscopic sphincterotomy; ERBD: endoscopic retrograde biliary
drainage; PD: Pancreaticoduodenectomy.

The level of ALT at admission was not significantly
different between the ENBD and ERBD groups
(189.16 ± 161.52 IU/L and 158.41 ± 132.25 IU/L,
respectively; P = 0.241). After EBD, the level of ALT
at 1 d before PD decreased more slowly in the ENBD
group than in the ERBD group (72.63 ± 50.66 IU/L
and 49.73 ± 28.11 IU/L, respectively; P = 0.000).
However, the level of ALT in the ENBD group decreased
as rapidly as that in the ERBD group after PD (35.49 ±
22.65 IU/L and 34.74 ± 34.29 IU/L, respectively; P =
0.872) (Table 2, Figure 1B).

group was shorter than that in ERBD group (P = 0.036).
The mean length of biliary stricture was not significantly
different between the two groups (P = 0.849). There
were no differences in the procedure of PD between
the two groups, such as operative time, intraoperative
bleeding, blood transfusion, pancreatic texture, and
the diameter of the pancreatic duct and common bile
duct (Table 1). Finally, the total expenditure, total
hospital stay and postoperative hospital stay were not
significantly different between the two groups (Table 1).

Changes in the levels of TB and ALT between the two
groups

Procedure-related complications of EBD and
postoperative complications of PD between the two
groups

The level of TB at admission was not significantly
different between the ENBD and ERBD groups
(198.92 ± 85.57 µmol/L and 205.45 ± 93.69 µmol/L,
respectively; P = 0.667). After EBD, the level of TB
at 1 d before PD was obviously lower in all patients in
the two groups, and the extent of the TB decrease in
the ENBD group was less than that in the ERBD group
(96.45 ± 74.90 µmol/L and 66.01 ± 52.85 µmol/L,
respectively; P = 0.004). Similarly, the level of TB
decreased more slowly in the ENBD group than in
the ERBD group after PD (42.16 ± 42.57 µmol/L and
28.45 ± 25.25 µmol/L, respectively; P = 0.014) (Table
2, Figure 1A).

WJG|www.wjgnet.com

After EBD, the rate of EBD procedure-related
cholangitis was significantly lower in the ENBD group
than in the ERBD group (7.8% vs 23.5%, P = 0.007);
however, there was no difference in EBD dysfunction,
EBD procedure-related pancreatitis or other adverse
events between the two groups (Table 3).
The postoperative complications of PD between the
two groups are shown in Table 3. The incidence of deep
abdominal infection after PD was significantly lower
in the ENBD group than in the ERBD group (24.5%
vs 43.1%, P = 0.019), but there was no difference
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A

Table 2 Changes in bilirubin and transaminase in patients
who underwent endoscopic nasobiliary drainage or endoscopic
retrograde biliary drainage prior to pancreaticoduodenectomy

B

250.00

200.00

ERND

ERND

ERBD

ERBD

200.00

ERBD

P value

198.92 ± 85.57
189.16 ± 161.52
96.45 ± 74.90
72.63 ± 50.66
42.16 ± 42.57
35.49 ± 22.65

205.45 ± 93.69
158.41 ± 132.25
66.01 ± 52.85
49.73 ± 28.11
28.45 ± 25.25
34.74 ± 34.29

0.667
0.241
0.004
0.000
0.014
0.872

100.00

100.00

50.00
50.00

ENBD: endoscopic nasobiliary drainage; ERBD: endoscopic retrograde
biliary drainage; PD: Pancreaticoduodenectomy; TB: total bilirubin; ALT:
Alanine aminotransferase.

0.00

At

admission

At 1 d

At

before PD discharge
Time

in the incidence of wound infection or pulmonary
infection (P = 0.653 and P = 0.386, respectively). The
Clavien-Dindo classification of complications was not
significantly different between the two groups (58.8%
vs 66.7%, P = 0.864). The rate of pancreatic fistula
was not significantly different between the ENBD group
and the ERBD group (33.3% vs 41.2%, P = 0.350),
nor was the difference in the rate of biliary fistula (P =
1.000). The incidence of DGE and PPH as graded by the
ISGPS between the two groups was not significantly
different (P = 0.893 and P = 0.523, respectively).
The rate of reoperation in the ENBD group was not
significantly different from that in the ERBD group (P
= 1.000). Five (4.9%) patients in the ENBD group and
three (5.9%) patients in the ERBD group died during
the perioperative period, and there was no significant
difference in the perioperative mortality rate (P =
1.000).

0.00

At
admission

At 1 d

At

before PD discharge
Time

Figure 1 the decreases in bilirubin (A) and alanine aminotransferase
(B) in patients who underwent endoscopic nasobiliary drainage or
endoscopic retrograde biliary drainage prior to pancreaticoduodenectomy.
ENBD: endoscopic nasobiliary drainage; ERBD: endoscopic retrograde biliary
drainage; PD: Pancreaticoduodenectomy; ALT: Alanine aminotransferase.

malignant distal biliary obstruction with severe
jaundice and poor physical condition who were waiting
for surgery and preoperative chemotherapy. There is
no consensus on whether ENBD or ERBD is preferable
prior to PD. In the clinic, surgeons perform ENBD or
ERBD primarily based on personal opinion, the degree
of bile duct stenosis, equipment conditions, hospital
stay duration and economic costs. In the present
study, we compared the effects of EBD, the procedurerelated complications of EBD, and the postoperative
complications of PD between the two groups.
ENBD and ERBD are both effective methods for
decreasing the levels of TB and ALT, but ERBD had
a better effect on biliary drainage and EBD duration
compared to ENBD in the present study due to better
tolerance by the patients. However, some studies have
shown that the rate of ERBD dysfunction was higher
[13,14]
than that of ENBD dysfunction
. Others have
suggested that there was no difference in the rate of
EBD dysfunction and the duration from PBD to the
[20]
time of EBD dysfunction between the two groups .
The incidence of EBD dysfunction was associated
with pancreatic cancer and the small diameter of the
[20,21]
stent
. In the present study, we found no difference
in EBD dysfunction between the ENBD and ERBD
groups. This result may be explained by the fact that
most of the patients who underwent EBD prior to PD
had papilla adenocarcinoma (72.6%), and we typically
used the large-diameter plastic stent (> 8 Fr) at our
center. In the current study, the self-expandable metal
stent seemed to be superior to a plastic stent due
[22]
to the lower rate of dysfunction , but it is not often
used because of the high price and lack of compelling
evidence.
Procedure-related cholangitis is the most common
complication after EBD. Some studies have suggested
that because ENBD is an external drainage procedure,

Risk factors for deep abdominal infection after PD

The preceding data revealed a significant difference in
the incidence of deep abdominal infection between the
ENBD and ERBD groups. We performed a univariate
analysis to assess the 22 clinical factors of deep
abdominal infection between the deep abdominal
infection group and the no-deep abdominal infection
group. The results showed that gender (male), length
of biliary stricture (≥ 1.5 cm), diameter of pancreatic
duct (≤ 3 mm), pancreas texture (soft) and EBD
method (ERBD) were significant factors. Then, the
independent risk factors for deep abdominal infection
were identified by multivariate logistic regression
analysis. Male gender (OR = 3.92; 95%CI: 1.63-9.47;
P = 0.002), soft pancreas texture (OR = 3.60; 95%CI:
1.37-9.49; P = 0.009), length of biliary stricture (≥
1.5 cm) (OR = 5.20; 95%CI: 2.23-12.16; P = 0.000)
and ERBD method (OR = 4.08; 95%CI: 1.69-9.87;
P = 0.002) were independent risk factors for deep
abdominal infection after PD (Table 4).

DISCUSSION
Preoperative EBD was performed in patients with

WJG|www.wjgnet.com

150.00
ALT (μmol/L)

TB at admission (µmol/L)
ALT at admission (IU/L)
TB at 1 d before PD (µmol/L)
ALT at 1 d before PD (IU/L)
TB at discharge (µmol/L)
ALT at discharge (IU/L)

ENBD

Bilirubin (μmol/L)

150.00

Variable
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duration may increase infectious morbidity and may
not be adaptable to all cancers. We showed that a
PBD duration < 2 wk was more beneficial for severely
jaundiced patients with periampullary cancer than a
long duration (> 2 wk); there were fewer drainagerelated complications and a shorter hospital stay
observed in the cohort that experienced the short
[25]
PBD duration . In this study, the mean PBD duration
was less than 2 wk between the ENBD and ERBD
groups, and the PBD duration in the ENBD group was
significantly shorter than that in the ERBD group. The
reason for this is not clear, but it may be related to the
higher incidence of procedure-related complications
and the better tolerance by patients in the ERBD group,
which might have contributed to a longer PBD duration
in the ERBD group than in the ENBD group. Prospective
randomized studies are required to identify the optimal
drainage duration.
Pancreatic fistula, DGE, biliary fistula, and deep
abdominal infection are the most common post
operative complications of PD, especially pancreatic
fistula. There are various factors that contribute to
the formation of postoperative complications after PD.
Some studies have reported that PBD can increase the
complications of PD, including pancreatic fistula and
infectious complications. Most have shown that the
incidence of wound infection was significantly higher
in patients with PBD prior to PD than in the patients
without PBD treatment before PD due to procedurerelated cholangitis and biliary bacterial translocation
[26,27]
[27]
after PBD
. Gavazzi et al
reported that the
overall incidence of the postoperative complications
of PD was not significantly different between patients
with stented and non-stented treatments. However,
the rate of deep incisional surgical site infections was
higher in the PBD group than the no-PBD group, and
a difference in wound infection was not observed
between the two groups; the most common bacterium
[4]
in the bile or drain fluid was Enterococcus spp. Fujii et al
also reported that the cultures of bile or drainage fluid
were more often positive in the ERBD group than
in the ENBD group, and the incidence of abdominal
abscess formation was significantly higher in the
ERBD group than in the ENBD group. In the present
study, we did not find that the overall complications
of PD as graded by the Clavien-Dindo classification
were different between the ENBD group and the
ERBD group; there was a significant difference in the
incidence of deep abdominal infection but not wound
infection or pulmonary infection. The evidence shows
that the infection complications of PD are important
factors affecting the treatment of EBD.
We also found that gender (male), pancreas
texture (soft), the length of the biliary stricture (≥ 1.5
cm), and ERBD method were independent risk factors
for deep abdominal infection according to univariate
and multivariate analyses in the present study. We
have several possible explanations for these results.
Some researchers have found that male gender is

Table 3 Procedure-related complications of endoscopic
biliary drainage and the postoperative complications of
pancreaticoduodenectomy between the two groups n (%)
Variable
Complications of EBD
EBD dysfunction
Adverse events after EBD
Pancreatitis
Cholangitis
Others
Complications of PD
Pancreatic fistula
grade A
grade B
grade C
Delayed gastric emptying
grade A + B
grade C
PPH
grade A + B
grade C
Biliary fistula
Deep abdominal infection
Wound infection
Pulmonary infection
Reoperation
Perioperative death
Complication
grade Ⅰ-Ⅱ
grade Ⅲ
grade Ⅳ-Ⅴ

ENBD
(n = 102)

ERBD
(n = 51)

P value

16 (15.7)

5 (9.8)

0.319

12 (11.8)
8 (7.8)
3 (2.9)

12 (23.5)
12 (23.5)
2 (3.9)

0.059
0.007
1.000

34 (33.3)
14 (13.7)
16 (15.7)
4 (3.9)
25 (23.6)
14(12.8)
11 (10.8)
7 (6.9)
6 (5.9)
1 (1.0)
2 (2.0)
25 (24.5)
17 (16.7)
11 (10.8)
2 (2.0)
5 (4.9)
60 (58.8)
39 (38.2)
13 (12.8)
8 (7.8)

21 (41.2)
13 (25.5)
7 (13.7)
1 (2.0)
12 (23.5)
7 (13.7)
5 (9.8)
5 (9.8)
3 (5.9)
2 (3.9)
1 (2.0)
22 (43.1)
10 (19.6)
8 (15.7)
1 (2.0)
3 (5.9)
34 (66.7)
21 (41.2)
9 (17.6)
4 (7.9)

0.350

0.893

0.523

1.000
0.019
0.653
0.386
1.000
1.000
0.864

EBD: endoscopic biliary drainage; ENBD: endoscopic nasobiliary
drainage; PPH: postpancreatectomy hemorrhage; ERBD: endoscopic
retrograde biliary drainage; PD: Pancreaticoduodenectomy.

it has a lower incidence of preoperative cholangitis
[14]
than ERBD . However, some researchers have not
found significant differences between ENBD and
ERBD in the incidence of EBD procedure-related
[20]
cholangitis, pancreatitis and other complications .
In the present study, we showed that the rate of
procedure-related cholangitis in the ERBD group was
higher than that in the ENBD group. There are several
possible explanations for this result. First, EST is more
frequently performed in the ERBD group than in the
ENBD group. Second, the intestinal contents, including
gastrointestinal or external bacteria, run countercurrent
to the pancreatic or bile duct past the Odyssey
sphincter in ERBD, while the ENBD involves external
drainage with less gastrointestinal or bile reflux.
Although PBD has been widely performed at many
centers, it was very difficult to identify the optimal EBD
duration due to different PBD methods and the different
sites of bile duct obstruction. ERBD is more comfortable
than ENBD due to the absence of irritation from the
nasobiliary catheter to the pharynx and larynx, and
it is more easily tolerated by patients. Some studies
have shown that the EBD duration in ERBD is longer
[23,24]
than that in ENBD
. Many centers adhere to the
4-6 wk minimum PBD duration, but this protocol may
not be universally appropriate because the long PBD
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Table 4 Univariate and multivariate analyses of the risk factors for deep abdominal infection after pancreaticoduodenectomy
Variable

Univariate

Age (≥ 57 yr)
Gender (Male)
Hypertension
Cardiac disease
Diabetes mellitus
Anemia
Hypoproteinemia
Acute pancreatitis
Acute cholangitis
Malignant disease (pancreatic carcinoma)
TB at admission (≥ 200 µmol/L）
ALT at admission (≥ 200 IU/L）
ERBD method
EST
Length of biliary stricture (≥ 1.5 cm)
EBD duration (≥ 12 d)
Operative time (≥ 380 min)
Intraoperative bleeding (≥ 600 mL)
Blood transfusion
Pancreas texture (soft)
Diameter of pancreatic duct (≤ 3 mm)
Diameter of common bile duct (> 1.5 cm)

Multivariate

OR (95%CI)

P value

0.99 (0.48-2.02)
2.27 (1.09-4.72)
0.89 (0.27-3.01)
1.06 (0.40-2.80)
1.72 (0.78-3.77)
0.65 (0.32-1.32)
1.05 (0.51-2.17)
1.55 (0.42-5.77)
1.28 (0.41-4.06)
0.60 (0.21-1.67)
0.85 (0.43-1.71)
1.91 (0.87-4.17)
2.34 (1.14-4.77)
0.90 (0.45-1.78)
3.89 (1.86-8.14)
0.91 (0.45-1.80)
0.72 (0.36-1.43)
0.66 (0.31-1.40)
0.85 (0.42-1.71)
3.20 (1.53-6.66)
2.11 (1.01-4.38)
1.52 (0.76-3.04)

0.970
0.028
0.855
0.904
0.178
0.234
0.901
0.513
0.671
0.325
0.652
0.106
0.020
0.757
0.000
0.777
0.347
0.278
0.652
0.002
0.046
0.237

OR (95%CI)

P value

3.92 (1.63-9.47)

0.002

4.08 (1.69-9.87)

0.002

5.20 (2.23-12.16)

0.000

3.60 (1.37-9.49)
1.60 (0.59-4.31)

0.009
0.354

EST: Endoscopic sphincterotomy; EBD: endoscopic biliary drainage; ERBD: endoscopic retrograde biliary drainage; TB: total bilirubin; ALT: Alanine
aminotransferase.
[28]

a risk factor for pancreatic fistula , and the higher
rate of pancreatic fistula may increase infectious
complications. Similarly, some studies have suggested
that the soft pancreas texture is the most important
[29,30]
independent risk for pancreatic fistula after PD
.
The length of the biliary stricture may increase the
difficulty of the endoscopic retrograde cholangiopancreatography (ERCP) and prolong the operative
time, which can cause procedure-related cholangitis
or bacterial translocation. Finally, ERBD was identified
as a risk factor for deep abdominal infection; however,
prospective randomized studies are required to identify
the ERBD as a risk factor for deep abdominal infection.
Meanwhile, the results suggest that preoperative EBD
via ERBD should be selectively performed in jaundiced
patients with high risk factors for infection. Additionally,
the ERBD procedure and stent materials should be
improved.
There are several limitations to this study. First, due
to the retrospective design, the data may not be fully
convincing. Second, the study should have included
bacterial culture and antibiotic sensitivity tests. Third, a
prospective randomized trial will be required to identify
ERBD method and length of the biliary stricture as risk
factors for infectious complications after PD.
In conclusion, ENBD and ERBD are both effective
biliary drainage methods for patients with malignant
distal biliary obstruction. ERBD is superior to ENBD
in terms of patient tolerance and the effect of biliary
drainage, but it increases the risk of EBD procedurerelated cholangitis and deep abdominal infection
after PD. Therefore, ENBD is the optimal method for
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patients with malignant distal biliary obstruction prior
to PD.
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Malignant distal biliary obstruction can lead to obstructive jaundice, and it is
caused by periampullary carcinoma, pancreatic carcinoma, and other malignant
diseases. Pancreaticoduodenectomy (PD) is recognized as the curative
treatment for malignant distal biliary obstruction. Preoperative biliary drainage
(PBD) can reduce serum bilirubin levels, which may improve the outcomes of
surgical treatment. PBD is used at many centers to improve the preoperative
state of patients with hyperbilirubinemia or cholangitis. EBD is superior to
PTBD for the treatment of malignant distal biliary obstruction prior to PD
because PTBD is more invasive and has a higher rate of complication, a higher
incidence of catheter tract metastasis, and poorer long-term survival. It remains
unknown whether endoscopic nasobiliary drainage (ENBD) or endoscopic
retrograde biliary drainage (ERBD) is more beneficial for patients with malignant
distal biliary obstruction prior to PD.

Research frontiers

The curative treatment for patients with malignant distal biliary obstruction is
PD. However, despite considerable improvements in surgery and perioperative
management, the incidence of complications and postoperative mortality after
PD remains high due to severe jaundice and poor preoperative state. This study
evaluated the outcomes of preoperative EBD via ENBD and ERBD and the risk
factors for deep abdominal infection after PD.
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Both ENBD and ERBD are effective methods for biliary drainage in patients
with malignant distal biliary obstruction and severe jaundice. However, the
rate of EBD procedure-related cholangitis was significantly higher in the ERBD
group than in the ENBD group, and the incidence of deep abdominal infection
after PD was significantly higher in the ERBD group than in the ENBD group.
Male gender, soft pancreas texture, the length of the biliary stricture and ERBD
method were independent risk factors for deep abdominal infection after PD.
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Applications
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Although ERBD is superior to ENBD in terms of patient tolerance and the effect
of biliary drainage, the ERBD method has a high rate of EBD procedure-related
complications and is an independent risk factor for deep abdominal infection
after PD. Therefore, preoperative endoscopic biliary drainage via ERBD should
be selectively performed in jaundiced patients with high risk factors for infection.
Additionally, the ERBD procedure and stent materials should be improved.

11

Terminology

PD is recognized as the curative treatment for malignant distal biliary obstruction
that is caused by periampullary carcinoma, pancreatic carcinoma and other
malignant diseases. EBD can be performed by ENBD with a nasobiliary catheter
or ERBD with a plastic stent.
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Abstract

Clinical trial registration statement: This study was registered
at http://www.chictr.org.cn/edit.aspx?pid=16964&htm=4. The
registration identification number is ChiCTR-OIC-16010025.

AIM
To assess the efficacy and safety of a new treatment
modality, cellular immune therapy based on personalized
peptide vaccination (PPV-DC-CTL) combined with
radiotherapy, for treating advanced hepatocellular
carcinoma (HCC).

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest statement: None declared.

METHODS
A total of nine patients with advanced HCC were
enrolled. Multidisciplinary consultation confirmed that

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
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common cancer and the third leading cause of cancer[1]
related death worldwide . The resection rate for HCC
is approximately 10%-30% and the overall prognosis
[2]
is very poor with a 5-year survival rate of 5%-6% .
Even worse, the recurrence rate is high after radical
resection. In addition to surgery, radiofrequency
ablation, transcatheter arterial chemoembolization
(TACE), microwave ablation, cryoablation, radioactive
seed implantation, high-intensity focused ultrasound,
radiation therapy, chemotherapy and targeted drugs
are available for patients with unresectable tumors;
however, the efficacy of these treatments is limited
and the long-term prognosis in these patients is still
[3]
poor . Moreover, serious side effects induced by
treatments such as TACE, chemotherapy and targeted
drugs make it less likely for patients to receive longterm treatment with these therapies.
Due to the success of immunotherapy in other
tumor types, especially melanoma, it has been used
[4]
with high expectation in HCC treatment . The liver,
as a metabolizing organ and immune organ, has
unique characteristics and patients with HCC present
with special anti- and pro-tumor responses during the
[4-6]
development of this malignancy . Currently, based
on the tumor-associated antigens (TAAs) identified in
different tumors, many cancer vaccination strategies
[7,8]
have been investigated
. However, therapeutic
vaccines for HCC are still unavailable, although
the application of prophylactic vaccines, including
the hepatitis B virus vaccine, has been reported to
decrease the prevalence of HCC. Numerous factors
hinder tumor vaccine research, which are mainly
associated with the way the host immune system is
stimulated to kill cancer cells. Shortage of TAAs or
tumor specific antigens is the most important among
[9]
these factors .
Recently, personalized peptide vaccination (PPV), a
novel immunotherapeutic approach based on a specific
pool of peptides, was introduced. The pool of peptides
includes all information on the personal human
leukocyte antigen class 1A type (HLA class 1A) and the
pre-existing immunity of the host before vaccination.
host before vaccination (Figure 1). A maximum of
four HLA class 1A-matched peptides were selected
[7]
from this pool and used for the PPV . Compared
with other methods of immunotherapy, the PPV has
several advantages. First, it increases the possibility of
avoiding both tumor heterogeneity and immunological
diversity. Second, the vaccine contains ‘‘personalized’’
antigens with pre-existing immunity which can
trigger antigen specific memory T cells to produce
rapid and strong secondary immune responses.
Moreover, an important characteristic of PPV is that
it activates cytotoxic lymphocytes (CTL), which have
stronger antitumor cytotoxicity, higher proliferative
ability and more cytolytic activity than lymphokineactivated killer cells in vitro and in vivo. Recent studies
have suggested that immunotherapy with cytotoxic
lymphocytes plays an important role in preventing
[4-6]
HCC recurrence and metastasis .

all the patients definitely had no opportunity of surgery,
because four patients had multiple liver metastases
(the number of liver lesions > 3), one patient had liver
metastases and portal vein tumor thrombosis, one
patient had lung and bone metastases, two patients
had liver and lung metastases and one patient had
liver metastasis and peritoneal metastasis. Patients
with metastasis were treated with precise radiotherapy
combined with PPV-DC-CTL.
RESULTS
Following radiotherapy and one to three cycles of
PPV-DC-CTL treatment, AFP levels were significantly
decreased in six patients and imaging assessment of
the lesions showed a partial response (PR) in three
patients and stable disease in the other three patients.
The response rate was 33% and disease control rate
was 66%. This regimen was found to be safe and
well tolerated. None of the patients developed liver
or kidney side effects. Only one patient developed
grade Ⅱ bone marrow suppression and the remaining
patients had no significant hematological side effects.
CONCLUSION
Radiotherapy combined with PPV-DC-CTL provides a
new therapeutic strategy for patients with advanced
HCC, which is well tolerated, safe, feasible and effective.
Key words: Personalized peptide vaccination; TOMO
radiotherapy; Cytotoxic lymphocytes; Hepatocellular
carcinoma
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Advanced hepatocellular carcinoma (HCC)
is a challenging disease to treat because of its
advanced stage at diagnosis and rapid progression. We
developed a new treatment modality, cellular immune
therapy based on personalized peptide vaccination
combined with radiotherapy, to treat advanced HCC.
It integrates personalized peptide vaccination in tumor
immunotherapy, takes full advantages of the immune
modulation of radiotherapy, promotes tumor cells
to release antigens and results in a more effective
therapeutic strategy with regard to local and systemic
control.
Shen J, Wang LF, Zou ZY, Kong WW, Yan J, Meng FY, Chen
FJ, Du J, Shao J, Xu QP, Ren HZ, Li RT, Wei J, Qian XP, Liu
BR. Phase Ⅰ clinical study of personalized peptide vaccination
combined with radiotherapy for advanced hepatocellular
carcinoma. World J Gastroenterol 2017; 23(29): 5395-5404
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i29/5395.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i29.5395

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
WJG|www.wjgnet.com
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host immunity. aP < 0.05, bP < 0.01.

Table 1 Characteristics of all the patients
Patients Age

Sex

BCLC stage

P1
P2
P3

66 Male
56 Female
54 Male

B
B
C

P4
P5

37
56

Male
Male

C
C

P6
P7
P8
P9

45
43
59
72

Male
Male
Male
Male

B
B
C
C

HK

Tumor site(s)

Radiotherapy target

Liver
Partial liver mass
ⅢB
Liver
Partial liver mass
ⅢB
IVa Liver and portal vein Portal vein tumor thrombosis
tumor thrombosis
Bone and lung
Bone metastasis
Ⅳa
Peritoneal metastasis
Ⅳa Liver and peritoneal
metastases
Liver
ⅢB
Liver
Partial liver mass
ⅢB
Liver and lung
Partial lung mass
Ⅳa
Lung
Ⅳa

Cycle(s) of PPV-DC-CTL

PGTV 5 Gy*10f; PTV 2.5 Gy*10f
PGTV 5 Gy*10f; PTV 2.5 Gy*10f
PGTV 5 Gy*10f; PTV 2.5 Gy*10f

3
3
2

PGTV 4 Gy*10f; PTV 3 Gy*10f
PTV 0.5 Gy BID *2f

3
2

PGTV 5 Gy*10f; PTV 2.5 Gy*10f
PGTV 5 Gy*10f; PTV 2.5 Gy*10f
-

2
3
1
2

that all the patients had no opportunity of surgery,
because four patients had multiple liver metastases
( the number of liver lesions > 3), one patient had liver
metastases and portal vein tumor thrombosis, one
patient had lung and bone metastases, two patients
had liver and lung metastases and one patient had
liver metastasis and peritoneal metastasis (Table 1).
Every patient has been informed of the study protocol
and signed an informed consent form prior to the
study. This clinical trial was approved by the Drum
Tower Hospital ethical review board.

In order to improve the efficacy and reduce the side
effects of such treatment, we conducted a phase Ⅰ clinical
trial and treated unresectable HCC patients with radiation
therapy combined with immunotherapy consisting
of PPV peptides, dendritic cells (DC) and CTL (PPVDC-CTL). We successfully developed a new PPV-based
immunotherapeutic approach using a maximum of
four HLA class 1A-matched peptides selected from the
pooled peptides of the host.

MATERIALS AND METHODS

Treatment schedule

Patients

Radiotherapy: Patients with liver metastasis, portal
vein tumor thrombosis and pulmonary metastasis

A total of nine patients with advanced HCC were
enrolled. Multidisciplinary consultation confirmed
WJG|www.wjgnet.com
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Figure 2 Time schedule of collection of peripheral blood mononuclear cells and transfusion of DC-CTL. PPV: Personalized peptide vaccination; DC: dendritic
cells; CTL: Cytotoxic lymphocytes; PBMC: Peripheral blood mononuclear cells.

were treated with precise radiotherapy [planning gross
target volume (PGTV), ten fractions at 5 Gy each;
planning target volume (PTV), ten fractions at 2.5 Gy
each] combined with PPV-DC-CTL; patients with bone
metastasis were treated with precise radiotherapy
of bone (PGTV, ten fractions at 4 Gy each; PTV, ten
fractions at 3 Gy each) combined with PPV-DC-CTL;
patients with peritoneal metastasis were treated with
precise TomoTherapy of the peritoneum (PTV, two
fractions at 0.5 Gy each, BID) combined with PPV-DCCTL.

P6: KRAS-A11-12D, CTNNB1-A11-41A, CTNNB1-A11S45F, KRAS-A11-12R
P7: SART3-109, CORE-18, PSCA-7, hTERT-540
P8: AFP-357, KRAS-A11-12D, VEGFR2-169, PSCA-776
P9: CTNNB1-A11-S45F, CTNNB11-41A, CTNNB11-45P,
EGFR-54
Collection of peripheral blood mononuclear cells
(PBMC) and transfusion of DC-CTL: PPV peptides
were load on DC (D0), which were sorted from PBMC
and then these DC were infused back to patients
after culture for 7 d in vitro (D7). To obtain the CTL,
we used PPV and PPV-DC to stimulate the T cells. In
12 to 15 days, these CTL were transfused to patients
(D12-15) (Figure 2). The above steps were defined as
one cycle and it was repeated every 21 d.

Selection of PPV peptides: First, peptide candidate
library, including mutated peptides and highly
expressed peptides, was established according to the
gene mutation and expression spectra of HCC and
previous studies about PPV. Peptides for vaccination
of every specific patient were selected from the
peptide candidate library with the consideration of the
preexisting immunity of the host before vaccination
(Figure 1). The detailed procedure was described in
[7,9]
references
and the personalized peptides for these
nine patients are as follows:
P1: CORE-18, MUC-12, KRAS-A02-G13D1, PSCA-76
P2: PI3KCA-A02-H1047L-1, CORE-35, WTP53-149,
AFP-137
P3: EGFR-800, KRAS-A11-G13D, CYPB-84, CTNNB1A11-S45F
P4: KRAS11-12C, EGFR-54, AFP-403, Survivin28-80
P5: AFP-357, VEGFR2-169, KRAS-A11-12C,
MRP3-1293

WJG|www.wjgnet.com

Main outcome measures

To assess the immune responses to and other effects
+
+
+
of PPV, the levels of CD3 , CD8 , CD4 T lymphocytes,
natural killer (NK) cells and B lymphocytes were examined
prior to blood collection and after CTL transfusion. Alphafetoprotein (AFP) test was performed once a cycle after
vaccinations. Routine blood tests and liver and kidney
function tests were performed once a cycle. Other
side effects such as rash, fever and diarrhea were also
monitored.

Radiological evaluation

Clinical response was evaluated by computed tomography
scans and abdominal magnetic resonance imaging prior
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Table 2 Clinical outcomes of the nine patients
Patient

Change of AFP

AFP before treatment

AFP after first cycle

AFP after second cycle

AFP after third cycle

Radiological evaluation

↓
↓
↓
↓
↓
↓
↑
↑
↑

168.5
94.9
4942.3
1691.6
45.7
11.6
1029.7
737.8
157.5

118.0
53.8
3297.1
619.7
25.9
1.7
1700.0
2005.6
294.1

29.7
59.8
3180.0
312.2
24.1
2.9
3800.0
248.0

27.3
50.2
302.0
3818.3
-

PR
PR
PR
SD
SD
SD
PD
PD
PD

P1
P2
P3
P4
P5
P6
P7
P8
P9

AFP: Alpha-fetoprotein; PR: Partial response; SD: Stable disease; PD: Progressive disease

A

B

180.00
160.00

6000.00
5000.00

140.00
120.00

4000.00

100.00
80.00
60.00
40.00
20.00
0.00

p1
p2

3000.00

p3
p4

2000.00
1000.00

0

Cycle 1

Cycle 2

0.00

Cycle 3

0

Cycle 1

Cycle 2

Cycle3

C
50.00
45.00
40.00
35.00
30.00
25.00
20.00
15.00
10.00
5.00
0.00

p5
p6

0

Cycle 1

Cycle 2

Figure 3 Changes of alpha-fetoprotein levels in patients 1-6 before and after treament. A: AFP levels of patients 1 and 2; B: AFP levels of patients 3 and 4; C:
AFP levels of patients 5 and 6. AFP: Alpha-fetoprotein.

six patients and imaging assessment of the lesions
showed a PR in three patients and SD in the other
three patients. RR was 33% and DCR was 66%
(Table 2). This regimen was found to be safe and
well tolerated. None of the patients developed liver
or kidney side effects. Only one patient developed
grade 2 bone marrow suppression and the remaining
patients had no significant hematological side effects.
Only two patients developed grade Ⅰ rash and the
remaining patients had no skin side effects. Six
patients had low-grade fever (37 ℃-38 ℃) and none
of the patients developed diarrhea (Table 3).
As indicated in Figure 3, the levels of AFP were
significantly decreased in patients 1 to 6 and radiological
evaluation showed PR or SD. Radiation treatment had
a partial effect in patient 1 for certain tumor lesions.
However, due to their large size, radiation may not
reach all tumor metastases in the liver. The liver
masses within and out of the radiation field were both
significantly reduced in size after combined radiotherapy

to vaccination and once every two cycles of therapy. The
RESIST-based clinical response levels were assessed
by partial response (PR), stable disease (SD) and
progressive disease (PD). The percentage of patients
with PR was defined as the response rate (RR) to
treatment while PR plus SD was defined as the disease
control rate (DCR).

Statistical analysis

Paired-samples t-test was used to compare the levels
+
+
+
of CD3 , CD8 , CD4 T lymphocytes, NK cells and B
lymphocytes between prior to blood collection and
after CTL transfusion. Statistical significance was set
at P < 0.05. Statistical analyses were performed using
SPSS, version 19.0.

RESULTS
Following radiotherapy and 1-3 cycles of PPV-DC-CTL
treatment, AFP levels were significantly decreased in

WJG|www.wjgnet.com
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Figure 4 Treatment outcome of patient 1. The liver mass within and out of the radiation field were both significantly decreased in size after treatment with a
combination of radiotherapy and PPV-DC-CTL. AFP had a significant decline as well.

and PPV-DC-CTL treatment (Figure 4). This result
suggested that CTL-based immune therapy and
radiotherapy together reduced tumor progression even
in those patients who did not receive radiotherapy.
Patient 4 had tumor metastases in T4 vertebra and
the lung. After treatment with radiotherapy and PPVDC-CTL, AFP significantly declined and chest pain was
alleviated. This provided further evidence that the
synergistic combination of radiotherapy and PPV-DCCTL effectively controlled tumor lesions, even in the
lung where radiotherapy was not administered (Figure 5).
Four of nine patients completed three cycles of
PPV-DC-CTL treatment, four patients completed two

WJG|www.wjgnet.com

cycles and the remaining patient only received one
rd
cycle of treatment. Patient 3 did not continue the 3
cycle of PPV-DC-CTL treatment due to carcinoma
emboli in the portal vein which was controlled following
treatment. The patient was treated with sorafenib
instead with improvement. This patient was diagnosed
in April 2015 with the last follow-up in June 2016.
Compared with the reported mean overall survival (OS)
of patients with carcinoma emboli in the portal vein in
previous studies, the survival time of this patient was
much longer (14 mo vs 3 mo). Due to a decrease in
tumor markers, patients 5 and 6 both completed the
nd
2 cycle of treatment. Patient 5 received sorafenib
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Figure 5 Treatment outcome of patient 4. Patient 4 was a case with tumor metastasis in T4 vertebra and the lung. After treatment with a combination of
radiotherapy and PPV-DC-CTL, AFP had a significant decline and chest pain was relieved.

to the development of rash. However, compared with
pretreatment, patients 8 and 9 improved after PPVDC-CTL treatment.
In addition, cellular immune responses specific
+
+
to the treatment, including the levels of CD3 , CD8 ,
+
CD4 , NK cells and B lymphocytes, were analyzed
in blood samples before and after CTL transfusion at
+
+
each cycle. It was found that CD3 , CD8 cytotoxic T
lymphocytes and NK cells increased after CTL transfusion
(P < 0.05), suggesting the possibility of immune
activation (Table 4, Figure 6). However, B lymphocytes
+
were decreased and CD4 cytotoxic T lymphocytes
showed no significant change.

Table 3 Side effects of radiotherapy combined with PPV-DCCTL immunotherapy
Grade 1 Grade 2 Grade 3 Grade 4
Constitutional symptom
Fever
Tumor pain
Rash
Diarrhea
Respiratory
Dyspnea
Hypoxia
Neurological
CNS cerebrovascular ischemia
Blood/bone marrow
Anemia
Neutropenia
Lymphocytopenia
Thrombocytopenia
Metabolic and laboratory
AST elevation
ALT elevation
Scr elevation
BUN elevation

6
0
2
0

0
0
0
0

0
0
0
0

0
0
0
0

0
0

0
0

0
0

0
0

0

0

0

0

2
0
0
3

0
1
0
0

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

DISCUSSION
To the best of our knowledge, this is the first report of
the application and outcome of radiotherapy combined
with PPV-DC-CTL for the treatment of advanced HCC.
In the nine patients included in this study, this regimen
was well tolerated without serious side effects and
achieved good disease control, with an RR of 33% and
a DCR of 66%, which was significantly better than
[10]
those of TACE, sorafenib and chemotherapy .
It has been hypothesized that radiotherapy may
successfully immunize some patients against cancer,
converting the irradiated tissue into an in situ vaccine
and endowing the host with a set of new and powerful

instead and patient 6 received traditional Chinese
medicine. To date, these two patients are still alive
and their OS is over 10 mo. Patient 8 dropped out of
the clinical trial due to a rise in tumor markers after
st
the 1 cycle. Patient 9 did not continue treatment due

WJG|www.wjgnet.com
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Table 4 Changes of lymphocytes before and after treatment
+

Before treatment
After treatment

+

+

CD3

CD4

CD8

NK

B

54.7% ± 18.5%
76.9% ± 16.1%a

32.3% ± 11.9%
37.9% ± 11.0%

15.4% ± 7.0%
32.0% ± 14.8%a

16.0% ± 9.3%
23.8% ± 14.8%a

8.5% ± 5.3%
2.8% ± 3.1%a

a

P < 0.05. NK: Natural killer
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Figure 6 Cellular immune responses specific to the treatment. CD3+, CD8+ cytotoxic T lymphocytes and NK cells were increased after CTL transfusion in most
cases, suggesting the possibility of immune activation. Other lymphocyte subsets had no significant changes. NK: Natural killer; PR: Partial response; SD: Stable disease; PD:
Progressive disease.

[11]

tools to control systemic disease . Radiotherapy
can be used as a more general “immune response
modifier”, a novel tool to add to the arsenal of im
munotherapy agents, but the response varies with
[12-16]
the dose per fraction
. It is still unclear how the
host-tumor relationship is affected by radiation,
but it has been proved that when switching from a
conventional schedule (2 Gy/fraction, 5 fractions a
week) to a 5-10 Gy/fraction schedule, the immune
[17]
effect is more significant . This may be due to more
rapid cell killing, more vascular damage and stronger
inflammatory cytokine induction at higher radiation
doses. Therefore, in this context, the radiotherapy
regimen we chose for liver and lung metastases was 5
Gy/fraction, 5 fractions a week. This schedule improves
local control and can enhance the immune effect.
However, we chose 4 Gy/fraction, 5 fractions a week
for bone metastasis in order to protect the spinal cord.
For peritoneal metastasis, we chose 0.5 Gy/fraction,
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2-fractions, BID, with the purpose of reducing side
effects in the colon and increasing the immune effect.
Based on pre-existing host immunity, a number of
peptide antigens selected and screened from vaccine
candidates are appropriate for this treatment regimen.
In earlier studies on PPV, the assay of peptide specific
IFN-γ production with an average cut-off level of 1 in
10000 cells was used to define pre-existing immunity.
It was discovered that the enlargement and magnitude
of CTL activation partly depend on the frequency of
[7,18]
peptide specific CTL precursors from PBMC
. When
CTL precursors are tested in PBMC before vaccination
followed by the administration of specific peptides, a
strong and rapid stimulation of CTL with potent clinical
benefit is induced in specific patients as reported in
[19,20]
some clinical trials of advanced cancer
.
To date, a number of phase Ⅰ and Ⅱ clinical trials
[7]
on PPV have been carried out . All the trials mentioned
above have indicated that PPV is well tolerated and
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be more effective and safe in HCC.

safe without serious adverse effects and can stimulate
a much stronger immune response in certain patients.
Assessed using the response evaluation criteria, some
patients who received PPV exhibited objective clinical
[20]
responses with boosted immune responses . In
the current study, we also designed and conducted a
phase Ⅰ clinical trial involving patients with advanced
HCC. First, we developed a new immunotherapeutic
strategy of personalized peptide vaccination, according
to the mutation spectrum of liver cancer and previous
literature on vaccine peptides. We then stimulated
strong activation of CTL with PPV peptide-loaded DC,
which were transfused into patients to enhance the
effect of immunotherapy. In addition, radiotherapy
was administered to release vaccination in situ and
to control the disease. Undoubtedly, PPV-DC-CTL and
radiotherapy showed synergetic effects, especially in
patients 1 and 4, as the tumors both within and out of
the radiation field decreased in size or remained stable
after treatment. Other advantages of this combined
treatment were the avoidance of chemotherapyinduced side effects and overcoming the limitation of
radiation therapy for extensive metastases.
In conclusion, we have shown the potential of PPV
as a novel treatment strategy for advanced HCC
patients. Further randomized clinical trials are essential
to verify the clinical benefit of PPV in HCC patients. In
addition, accurate biomarkers for predicting patients
who would benefit most from PPV-based treatment
remain to be identified.

Innovations and breakthroughs

To the best of our knowledge, this is the first report of the application and
outcome of radiotherapy combined with PPV-DC-CTL for the treatment of
advanced HCC. In the current study, the authors have shown the potential
of PPV as a novel treatment strategy for advanced HCC patients. Further
randomized clinical trials are essential to verify the clinical benefit of PPV in
HCC patients. In addition, accurate biomarkers for predicting patients who
would benefit most from PPV-based treatment remain to be identified.

Applications

Radiotherapy combined with PPV-DC-CTL provides a new therapeutic strategy
for patients with advanced HCC, which is well tolerated, safe, feasible and
effective.

Terminology

PPV-DC-CTL refers to personalized peptide vaccination. It is a novel
immunotherapeutic approach based on a specific pool of peptides. The pool
of peptides includes all information on the personal human leukocyte antigen
class 1A type (HLA class 1A) and the pre-existing immunity of the host
before vaccination. A maximum of four HLA class 1A-matched peptides were
selected from this pool and used for the PPV. Compared with other methods
of immunotherapy, the PPV has several advantages. First, it increases the
possibility of avoiding both tumor heterogeneity and immunological diversity.
Second, the vaccine contains ‘‘personalized’’ antigens with pre-existing
immunity which can trigger antigen specific memory T cells to produce rapid
and strong secondary immune responses. Moreover, an important characteristic
of PPV is that it activates cytotoxic lymphocytes (CTL), which have stronger
antitumor cytotoxicity, higher proliferative ability and more cytolytic activity than
lymphokine-activated killer cells in vitro and in vivo.

Peer-review

This is an interesting study. The issue proposed by the authors is an important
and potential method in the future.
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Abstract
AIM
To evaluated the differences in knowledge, adherence,
attitudes, and beliefs about medicine in adolescents
with inflammatory bowel disease (IBD) attending
transition clinics.

Informed consent statement: All study participants, or their
legal guardians, provided informed written consent prior to study
enrolment.
Conflict-of-interest statement: All authors declare no conflicts
of interest.

METHODS
We prospectively enrolled patients from July 2012 to
June 2013. All adolescents who attended a tertiarycentre-based dedicated IBD transition clinic were invited
to participate. Adolescent controls were recruited from
university-affiliated gastroenterology offices. Participants
completed questionnaires about their disease and
reported adherence to prescribed therapy. Beliefs in
Medicine Questionnaire was used to evaluate patients’
attitudes and beliefs. Beliefs of medication overuse,
harm, necessity and concerns were rated on a Likert

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
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[2,3]

from adult-onset IBD
. Adolescence is a critical
period for physical, cognitive, emotional, and social
development. Compared to their peers, adolescents
with IBD often face additional challenges such as
difficult decisions concerning therapeutic options,
trouble with medication adherence, and potential
anxiety surrounding health-related appointments and
[4]
interventions .
Two commonly identified issues surrounding the
transition of adolescents with IBD are this patient
population’s limited disease-specific knowledge and
[5,6]
poor adherence to medical therapy
. These are
important elements for the establishment of selfmanagement skills and protection against future
disease flares. Many adult gastroenterologists feel
the deficiencies in understanding among adolescents
relating to their condition and treatment are prevalent
and consequently represent a substantial barrier
[5,6]
to successful transition
. Previous studies have
demonstrated that adolescents with IBD could provide
basic disease-related information such as their
diagnosis and current medication; however, participants
were unable to recall specifics pertaining to disease
extent, medication side effects, previous surgery, and
[7,8]
results of investigations . Nonadherence to medical
therapy in adolescents with IBD is reported to be very
[9-12]
high, ranging from 50% to 75%
. Typical reasons
for nonadherence to medication among adolescents
with IBD include forgetfulness, feeling well, lack of
time, interference with other activities, medication side
[9-12]
effects, and complex medical regimens
. Medication
nonadherence can lead to undesirable consequences
such as disease flares, health deterioration, and
[13-16]
increased healthcare utilization
. Important pre
dictors of adherence to medical therapy are patients’
[17-22]
beliefs and attitudes toward medicine
.
The aim of this study was to explore the attitudes
toward, and beliefs about, medical therapy among
adolescents with IBD. Additionally, this study compared
the differences in disease-specific knowledge and
adherence to medical therapy between adolescents
who attended the IBD transition clinics and those who
did not.

scale. Based on necessity and concern ratings, attitudes
were then characterized as accepting, ambivalent,
skeptical and indifferent.
RESULTS
one hundred and twelve adolescents were included and
59 attended transition clinics. Self-reported adherence
rates were poor, with only 67.4% and 56.8% of
patients on any IBD medication were adherent in the
transition and control groups, respectively. Adolescents
in the transition cohort held significantly stronger
beliefs that medications were necessary (p = 0.0035).
Approximately 20% of adolescents in both cohorts had
accepting attitudes toward their prescribed medicine.
However, compared to the control group, adolescents
in the transition cohort were less skeptical of (6.8% vs
20.8%) and more ambivalent (61% vs 34%) (OR =
0.15; 95%CI: 0.03-0.75; p = 0.02) to treatment.
CONCLUSION
Attendance at dedicated transition clinics was associated
with differences in attitudes in adolescents with IBD.
Key words: Inflammatory bowel disease; Adolescents;
Transition; Beliefs; Knowledge; Attitudes
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Inflammatory bowel disease (IBD) transition
clinics may improve care of adolescents. Comparing
ones attended transition clinics to those didn’t, this
study assessed adolescents with IBD’s self-reported
adherence to prescribed therapy and evaluated
their attitudes and beliefs using Beliefs in Medicine
Questionnaire. Self-reported adherence rates were poor
in both cohorts. Adolescents in the transition cohort
held significantly stronger beliefs that medications
were necessary. They were also less skeptical of and
more ambivalent to prescribed treatments. Attendance
at dedicated transition clinics was associated with
differences in attitudes in adolescents with IBD.
Fu N, Jacobson K, Round A, Evans K, Qian H, Bressler B.
Transition clinic attendance is associated with improved beliefs
and attitudes toward medicine in patients with inflammatory
bowel disease. World J Gastroenterol 2017; 23(29): 5405-5411
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i29/5405.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i29.5405

MATERIALS AND METHODS
Adolescent transition clinic

British Columbia (BC) is the third largest province in
[23]
Canada with a population of 4.4 million . Ninetyfive percent of all children diagnosed with IBD in BC
are treated at the BC Children’s Hospital (BCCH), a
tertiary-care academic hospital. An IBD transition
clinic was established at BCCH in 2010. Annually,
approximately 80 adolescents with IBD graduate from
BCCH, typically at around 17 to 18 years of age.
Adolescents selected to attend the transition clinics
are usually those with a more complex disease course
or those receiving anti-tumor necrosis factor (anti-

INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic,
idiopathic, immune-mediated illness that typically
[1]
follows a relapsing and remitting course . Pediatriconset IBD accounts for up to 25% of all IBD cases, and
its natural history and health impacts can differ greatly
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TNF) agents. Many of them have disease phenotypes
such as extensive or pancolitis; upper tract, extended
small bowel involvement, stricturing or penetrating
Crohn’s disease (CD); or have required surgical re
sections. Adolescents who have had adverse effects
or intolerances to conventional IBD medications are
also chosen. Approximately half of the adolescents
graduating from BCCH attended the transition clinics.
Adolescents attending the IBD transition clinics
were jointly assessed by adult and pediatric IBD
specialists and nurses. Most adolescents, prior to
transfer of care, attended the transition clinic up to
twice in their last year at BCCH. The transition clinics
served as the final summative clinical visits. During
the transition clinic visits, medical/surgical histories,
past/current medications, and future therapeutic plans
of the patient were thoroughly reviewed. Both adult
and pediatric IBD specialists discussed each patient in
detail with each other and with the patient to establish
a comprehensive plan. Adolescents were reminded
of the importance of IBD medications, potential side
effects of the medications, and the need for regular
monitoring of blood work. Pediatric IBD nurse assisted
in creating a one-page concise summary for the patients
to take home after the clinic. Complete summaries were
later prepared and provided to patients and the adult
gastroenterologists who received the transfer of care.
Another form of care transfer was direct referrals to
adult gastroenterologist. Selected documents depicting
patients’ diagnosis, therapies and progressions were
sent to the receiving adult gastroenterologists along
with a discharge/transfer summary from BCCH. The
adolescents then attend regular adult gastroenterology
clinics for consultation and meet their physicians at the
appointment.
Unlike direct care transfer, the transition clinics
provide an intermediate step for the adolescents to
become acquainted with the differences in practice
styles between pediatric and adult settings. The
transition clinic visit is longer but not as frequent
as the usual adult gastroenterology appointment.
Both pediatric and adult IBD nurses are present
to give additional support. Although adolescents
graduating from BCCH are typically referred to adult
gastroenterologists based on geographical locations
and their residence in BC, many adolescents attended
the transitions clinics are preferentially referred to
university-affiliated IBD specialists as opposed to
community-based gastroenterologists.

Study design

Study invitation letters and web-linked question
naires were delivered via secured personalized emails
to potential participants (73 transition and 75 control).
Follow-up telephone calls, to provide further details or
to clarify any questions, were placed to all adolescents
interested in participating in the study. All available
clinical charts were reviewed and compared with
responses provided by the participants. All participants
provided signed informed consent. The study received
full institutional ethics approval.
All participants completed an online question
naire regarding their disease and their adherence
to prescribed medical therapy (see Supplementary
Table 1). Attitudes and beliefs about medical therapy
were assessed using the Beliefs about Medicine
Questionnaire (BMQ) (see Supplementary Table 2), a
validated 17-question tool evaluating patient opinions
[24,25]
on medical therapy
. The BMQ assesses both
specific and general beliefs about medicine; specific
beliefs include those relating to either necessity or
concerns, while general beliefs include those relating
to overuse or harm. Respondents indicate their degree
of agreement with each statement about medicine on
a five-point Likert scale (1 = strongly disagree, 5 =
strongly agree). The BMQ has been used in various
[20,21,24]
chronic diseases and recently in IBD
, and has
consistently demonstrated greater adherence to be
associated with a stronger perception of necessity and
[26]
fewer concerns relating to treatment . Additionally,
the BMQ allows for further analysis of patient attitudes
toward medicine by delineation of respondents into
one of 4 attitudinal groups: “accepting” (high necessity,
low concerns), “ambivalent” (high necessity, high
concerns), “skeptical” (low necessity, high concerns), or
[21,22]
“indifferent” (low necessity, low concerns)
.
Disease-specific knowledge among the adolescents
was assessed by comparing responses provided on
the questionnaire to information available in their
clinical charts. If necessary, the patient’s healthcare
professionals were consulted for clarification. Level
of basic knowledge such as the type of IBD (CD or
ulcerative colitis, without specifying disease location)
and previous gastrointestinal surgery (yes or no) was
formally evaluated by comparing physician records and
patient responses. Information on disease phenotypes
and current IBD-specific medication (yes or no for
mesalamines, immunomodulators, anti-TNF agents)
was also collected. The general concern among
healthcare professionals about the increased risks of
loss to follow up in the adolescent population prompted
us to collect the self-reported physician contact/follow
up rate. Self-reported adherence to prescribed medical
therapy was recorded and subsequently dichotomized
by classifying those who were missing less than 30%
of prescribed therapy as adherent. This cuff-off, as
opposed to conventional 20%, was selected to account
for previously observed high nonadherence rate in the
adolescent population. Self-reporting of adherence was

st

We prospectively enrolled IBD patients from July 1 ,
th
2012 to June 30 , 2013. All adolescents within 1 year
of their attendance at the BCCH IBD transition clinics
were invited to participate as the study cohort. Agedmatched patients who did not attend the transition
clinics but were being treated at a university affiliated
gastroenterology office served as the control cohort.
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two-sided with a 0.05 significance level.
Continuous variables were summarized as means
and standard deviations. Categorical variables were
reported as counts and percentages. Comparisons
between groups were conducted using two-sample
2
t-test for continuous data and χ or Fisher’s exact test
when appropriate for categorical data.
Logistic regression modelling was performed to
explore the association of transition clinic use with
medication adherence. Attitudes toward medicine
were analyzed with the use of a multinomial logistic
regression model. Linear regression was conducted
to assess the impact of the transition clinic on beliefs
about medicine. All models were adjusted for prespecified confounding variables including age, gender,
diagnosis, disease duration, surgical history, and medi
cation use.

Table 1 Demographics

Gender
Female
Diagnosis
CD
UC/IBDU
Age (yr)
At diagnosis
Current
Disease duration (yr)
Prior GI surgery
Medication1
5-ASA
IM
Anti-TNF
Combination
Any
Regular blood work

Control

P value

Transition
n (%) or
mean ± SD

mean ± SD

23 (40.4)

31 (56.4)

0.13

47 (79.7)
12 (20.3)

34 (64.2)
19 (35.8)

0.07

13.0 ± 2.9
19.7 ± 1.3
6.9 ± 3.2
13 (22.0)

13.0 ± 3.8
20.6 ± 1.2
7.6 ± 3.9
12 (21.8)

0.87
0.0012
0.30
0.98

14 (25.0)
17 (30.4)
6 (10.7)
13 (23.2)
43 (76.8)
45 (80.4)

20 (37.0)
12 (22.2)
6 (11.1)
5 (9.3)
37 (68.5)
30 (55.6)

0.24
0.33
1.00
0.07
0.33
0.012

n (%) or

RESULTS

1

Subgroups in medication row denote patients receiving oral 5-ASA
products, IM only, anti-TNF only, combination therapy (IM and antiTNF) only, or any IBD medication; 2Statistically significant. 5-ASA:
5-aminosalicylic acid; anti-TNF: Anti-tumour necrosis factor agents
including infliximab and adalimumab; CD: Crohn’s disease; IBDU:
Inflammatory bowel disease unspecified; IM: Immunomodulators
including methotrexate, 6-mercaptopurine, and azathioprine; UC:
Ulcerative colitis.

A total of 112 adolescents participated in the study.
Of those, 59 attended transition clinics. The response
rates were 81% and 71% for transition and control
group, respectively. Most adolescents continued to
have physician contact (with family physicians or
adult gastroenterologists) after leaving the pediatric
setting (transition vs control: 85.1% vs 87.3%). The
predominant reasons for care discontinuation were
difficulty obtaining accepting physicians and a belief
that physician assessments were not needed.
Demographic data were similar between cohorts
(Table 1). However, the transition group had a higher
proportion of patients with CD (79.7% vs 64.2%), and
on both anti-TNF medication and immunomodulator
therapy (23.2% vs 9.3%), compared to controls.
Similar levels of disease-specific knowledge and selfreported adherence rates were found between cohorts
(Table 2). Approximately 80% of the adolescents
reported their basic knowledge (diagnosis and surgical
history) in concordance with physician reports.
Awareness of specific disease phenotype was similar
in both transition and control groups (65.5% vs 60.4%;
p = 0.69). Self-reported adherence to any medication
was poor among adolescents with IBD in both transition
and control groups (67.4% vs 56.8%). No significant
difference was observed between the two groups on
self-reported adherence (OR = 1.38; 95%CI: 0.49-3.86;
p = 0.54).
The beliefs about and attitudes toward medicine
among the adolescents were assessed using the BMQ.
Adolescents in the transition cohort held significantly
stronger beliefs that medications were necessary (3.4
vs 3.0, p = 0.0035), but had comparable concerns
(3.2 vs 3.1, p = 0.29) toward those medications
(Table 3). A higher necessity-concern differential was
also noted in the transition cohort (0.2 vs -0.06, p
= 0.11). The higher differential signifies a greater
belief in the necessity of treatment. Both groups had
comparable general beliefs (overuse or harm) about

used for ease of data collection although it carries a
[22,27,28]
known risk of overestimation
.
The BMQ responses were examined in several
[21,24,25]
ways, as per published literature
. The individual
scores for each subclass (necessity, concerns, overuse,
harm) were summed and analyzed as a continuous
variable or a scaled score by dividing the summed
value with the number of questions in each subclass.
A higher score indicated stronger agreement with
the scale constructs. A necessity-concerns differential
was also calculated by subtracting the summed
concerns score from the summed necessity score.
A higher differential signified greater belief in the
necessity of treatment. Finally, to explore attitudes
toward medicine in a clinical meaningful way, we
divided the patients into one of four attitudinal groups
(“accepting”, “ambivalent”, “skeptical”, or “indifferent”)
based on whether their scaled necessity and concerns
scores were above or below midpoint (< 3 or ≥ 3).
Self-reported medication adherence of participants
was then correlated to their attitudes and beliefs.
Comparisons between adolescents who attended the
transition clinics and those did not were also performed.

Statistical analysis

Statistical analyses were conducted using SAS Version
9.2 (Cary, NC, United States). The sample size calcu
lation determined that 42 participants per cohort was
required in order to detect a 30% difference while
assuming 40% nonadherence rate in the study cohort
and bearing an 80% power. All statistical tests were
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High
concerns

Skeptical
7% vs 21%
Low
necessity

Ambivalent
61% vs 34%

P = 0.02
Indifferent
15% vs 23%

Table 3 Beliefs about and attitudes toward medicine

Beliefs about medicine1
Specific
Necessity

High
necessity

Concern

Accepting
17% vs 23%

Differential
General
Overuse

Low
concerns

Harm

Figure 1 Attitudes toward medicine in adolescents with inflammatory
bowel disease (percentages denote proportion of adolescents who
attended transition clinics vs control). Adolescents who attended the
transition clinics were more ambivalent and less skeptical toward medicine.
Overall, significant different composite attitudes were noted between the two
groups of adolescents.

Attitudes toward medicine2
Accepting
Ambivalent
Skeptical
Indifferent
Composite

Table 2 Disease-specific knowledge and self-reported
adherence to prescribed medical therapy n (%)
Transition

Control

P value

44 (78.6)
50 (84.7)

44 (80.0)
49 (89.1)

1.00
0.49

8 (57.1)
10 (58.8)
5 (83.3)
13 (76.9)
29 (67.4)
31 (68.9)

13 (65.0)
7 (58.3)
3 (50.0)
4 (80.0)
21 (56.8)
18 (60.0)

0.73
1.00
0.55
1.00
0.33
0.43

17.2 ± 3.8
3.4 ± 0.8
16.1 ± 4.0
3.2 ± 0.8
1.1 ± 4.7
0.2 ± 0.9

15.0 ± 4.0
3.0 ± 0.8
15.3 ± 3.5
3.1 ± 0.7
-0.3 ± 4.7
-0.06 ± 0.9

9.7 ± 2.5
3.2 ± 0.8
14.9 ± 2.7
3.7 ± 0.7

9.4 ± 2.9
3.1 ± 1.0
14.7 ± 2.8
3.7 ± 0.7

0.63

10 (16.9)
36 (61.0)
4 (6.8)
9 (15.3)

12 (22.6)
18 (34.0)
11 (20.8)
12 (22.6)

0.45
0.0043
0.033
0.32
0.023

0.00353
0.29
0.11

0.70

Results presented in each subcategory were summative (top) and scaled
(bottom). Differential was calculated by subtracting concerns score from
necessity score; 2Four attitudinal groups were created after dichotomizing
scaled necessity and concerns scores above or below midpoint (< 3 high or
≥ 3 low) giving: accepting (high necessity, low concerns), ambivalent (high
necessity, high concerns), skeptical (low necessity, high concerns), and
indifferent (low necessity, low concerns); 3Statistically significant.

Despite the potential for inflation of adherence rates
[27]
due to self-reporting , we still observed rates as low
as 56.8% for medication and 60% for blood work.
These data are comparable to previously reported
adherence rates of 50%-75% for adolescents with
[9-12]
IBD
. Similarly, adherence rates among adolescents
with other chronic diseases such as asthma and diabetes,
as well as those who have undergone procedures
where subsequent nonadherence to medication can
greatly compromise treatment efficacy (e.g., hemato
poietic stem cell transplant), are also reported to be low
[15,29,30]
(40%-80%)
.
Studies have investigated factors that may influence
adherence rates in adolescents. Some modifiable
aspects include lifestyle, medication regimen, social/
healthcare support, knowledge, beliefs, and atti
[9,10,17,18,21,22,25,30-34]
tudes
. A substantial proportion of
adolescents in this study had general basic knowledge
about their disease type. However, it was difficult to
detect subtle and more refined differences in know
ledge between the two groups. Similar to reports by
[7]
[8]
Fishman et al and Benchimol et al , we noted a limited
number of adolescents who were aware of their disease
location and/or phenotype. Compared to controls,
slightly more adolescents in the transition cohort were
better informed of their disease phenotype. This may
be a result of more intense education and healthcare
[30,32-34]
support provided
. Indeed, increased know
ledge and awareness of disease has been associated

1

Knowledge is defined as concordant physician records and patient
responses; 2Adherence is defined as missing less than 30% of prescribed
therapy; 3Subgroups in medication row denote patients receiving oral
5-ASA products, IM only, anti-TNF only, combination therapy (IM
and anti-TNF) only, or any IBD medication. 5-ASA: 5-aminosalicylic
acid; anti-TNF: Anti-tumour necrosis factor agents including infliximab
and adalimumab; IM: Immunomodulators including methotrexate,
6-mercaptopurine, and azathioprine.

medicine. Overall, approximately 20% of adolescents
had an accepting attitude toward their prescribed
medication. However, the transition cohort was less
likely to be skeptical (6.8% vs 20.8%) and more likely
to be ambivalent (61% vs 34%) to their treatment
compared to controls (OR = 0.15, 95%CI: 0.03-0.75;
P = 0.02) (Figure 1).

DISCUSSION
Appropriate transitioning of pediatric patients with
IBD into an adult setting is an important and complex
process. Common difficulties identified among adoles
cents with IBD include poor knowledge related to their
[5,6]
disease and a lack of adherence to medical therapy .
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mean ± SD

n (%) or

1

1

Knowledge
Diagnosis
Prior GI surgery
Adherence2
Medication3
5-ASA
IM
Anti-TNF
Combination
Any
Regular blood work

Control

P value

Transition
n (%) or
mean ± SD
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with better adherence in adolescents with other
chronic diseases typically diagnosed in childhood (e.g.,
[30,34]
asthma)
.
Attitudes and beliefs regarding medication are strong
[21,22,24-26]
predictors of adherence to medical therapy
.
Compared to controls, adolescents in the transition
cohort showed significantly stronger beliefs about the
necessity of medical therapy. They were also more
ambivalent and less skeptical toward medication.
Patients with IBD who have an “accepting” attitude
have been found to be least likely to be nonadherent
compared to those with one of the other three
[21,22]
attitudes
. Augmented education sessions such as
review on the importance of IBD medications, their
side effects and the need for regular monitoring blood
works provided in the transition clinics may contribute
to the observed difference in attitudes. It is likely that
adolescents attending the transition clinics are more
aware of the necessity of medical therapy, but remain
concerned about the potential side effects, leading to
their ambivalent attitudes. Nonetheless, that our study
did not demonstrate a significant difference between
cohorts in adherence to therapy, suggests that other
factors, together with beliefs and attitudes, influence
[9,10,17,18,21,22,25,30-34]
adherence
. Therefore, clinicians not
only should thoroughly review planned medical therapy
with the adolescents but also explore other potential
aspects such as finance, cultural practices, family and
[9,10,17,32]
social stability that may impact adherence
.
One potential limitation of this study was that the
control cohort included patients from a universityaffiliated clinic, many of whom were treated by an IBD
specialist and as such may have received education
comparable to those in the transition group. Therefore,
some of the observed differences may be diminished.
Additionally, characteristics such as socioeconomic
status, ethnicities and locations of residence (urban vs.
rural) may affect the adolescents’ beliefs and were not
collected in this study.
To our knowledge, this is the first study assessing
the impact of transition clinics on the knowledge,
attitudes, and beliefs of medical therapy in adolescent
patients with IBD. This study also explored the di
fferences in adherence rates. Future studies should
focus on determining ways to improve knowledge and
adherence among adolescents, as well as the impact
of transition clinics on long-term outcomes. Moreover,
healthcare professionals should work on determining
factors that are essential to conducting successful
transition clinics.
In conclusion, adolescents with IBD were found to
have low overall adherence to medical therapy, despite
exhibiting adequate general knowledge about their
disease. Attendance at dedicated transition clinics was
associated with adolescents who held a stronger belief
that medical therapies were necessary and carried
attitudes that were more ambivalent (high necessity,
high concerns), but less skeptical (low necessity, high
concerns) toward their prescribed therapies.
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Commonly identified issues surrounding the transition of adolescents with
inflammatory bowel disease (IBD) are this patient population’s limited diseasespecific knowledge and poor adherence to medical therapy. Medication
nonadherence can lead to undesirable consequences. Important predictors
of adherence to medical therapy are patients’ beliefs and attitudes toward
medicine.

Research frontiers

Adolescence is a vulnerable period. Determining key factors associated with
successful transition of adolescents with IBD to adult service may minimize
complications. Previous studies have demonstrated that adolescents with IBD
could only provide basic disease-related information. Nonadherence to medical
therapy in adolescents with IBD is reported to be very high, ranging from 50%
to 75%.

Innovations and breakthroughs

This study was the first to show that dedicated transition clinics were associated
with differences in beliefs and attitudes. Adolescents who attended held a
stronger belief that medical therapies were necessary and carried attitudes that
were more ambivalent (high necessity, high concerns), but less skeptical (low
necessity, high concerns) toward their prescribed therapies.

Applications

This study showed association between attendance to transition clinic with
differences in beliefs and attitudes towards medical therapy. Future studies
should focus on determining the impact of transition clinics on long-term
outcomes. Moreover, healthcare professionals should work on determining
factors that are essential to conducting successful transition clinics.

Terminology

IBD, encompassing Crohn’s disease and ulcerative colitis, is a chronic,
idiopathic, immune-mediated illness that typically follows a relapsing and
remitting course. Transition is defined as the purposeful planned movement of
adolescents and young adults from child-centered to adult-oriented healthcare
system. Beliefs about Medicine Questionnaire (BMQ) is a validated 17-question
tool that evaluates both specific and general beliefs about medicine. BMQ
allows for further analysis of attitudes toward medicine.
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Core tip: Importance of gut-liver interaction in the
pathogenesis of primary sclerosing cholangitis (PSC) has
been certified by a variety of clinical and experimental
evidences. Clinical manifestations and progression of
the disease are heterogeneous. No reliable biomarkers
have been identified to this point that is able to predict
the pace of progression. In the present, prospective
follow-up study, we evaluated the clinical importance of
novel serological markers related to gut barrier function
in the prediction of progressive disease course in a
cohort of PSC patients. IgA type anti-F-actin antibody
was identified as a novel serologic marker during the
prognostic work-up of PSC. Presence of anti-F-actin IgA
identified PSC patients with progressive disease course
and was associated with enhanced mucosal immune
response to various microbial antigens and enterocyte
damage further highlighting the importance of the gutliver interaction in PSC.

Abstract
AIM
To assess the prevalence of a panel of serologic markers
that reflect gut barrier dysfunction in a mixed cohort of
pediatric and adult primary sclerosing cholangitis (PSC)
patients.
METHODS
Sera of 67 PSC patients [median age (range): 32 (5-79)
years, concomitant IBD: 67% and cirrhosis: 20%]
were assayed for the presence of antibodies against to
F-actin (AAA IgA/IgG) and gliadin (AGA IgA/IgG)] and
for serum level of intestinal fatty acid-binding protein
(I-FABP) by ELISA. Markers of lipopolysaccharide (LPS)
exposure [LPS binding protein (LBP)] and various antimicrobial antibodies [anti-OMP Plus IgA and endotoxin
core IgA antibody (EndoCAb)] were also determined.
Poor disease outcome was defined as orthotopic liver
transplantation and/or liver-related death during the
follow-up [median: 99 (14-106) mo]. One hundred and
fifty-three healthy subjects (HCONT) and 172 ulcerative
colitis (UC) patients were the controls.

Tornai T, Palyu E, Vitalis Z, Tornai I, Tornai D, Antal-Szalmas
P, Norman GL, Shums Z, Veres G, Dezsofi A, Par G, Par A,
Orosz P, Szalay F, Lakatos PL, Papp M. Gut barrier failure
biomarkers are associated with poor disease outcome in patients
with primary sclerosing cholangitis. World J Gastroenterol 2017;
23(29): 5412-5421 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i29/5412.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i29.5412

RESULTS
A total of 28.4%, 28.0%, 9% and 20.9% of PSC
patients were positive for AAA IgA, AAA IgG, AGA IgA
and AGA IgG, respectively. Frequencies of AAA IgA and
AAA IgG (P < 0.001, for both) and AGA IgG (P = 0.01,
for both) but not AGA IgA were significantly higher
compared to both of the HCONT and the UC groups. In
survival analysis, AAA IgA-positivity was revealed as an
independent predictor of poor disease outcome after
adjusting either for the presence of cirrhosis [HR =
5.15 (1.27-20.86), P = 0.022 or for the Mayo risk score
(HR = 4.24 (0.99-18.21), P = 0.052]. AAA IgA-positivity was
significantly associated with higher frequency of antimicrobial antibodies (P < 0.001 for EndoCab IgA and
P = 0.012 for anti-OMP Plus IgA) and higher level of the
enterocyte damage marker (median I-FABPAAA IgA pos vs neg:
365 vs 166 pg/mL, P = 0.011), but not with serum LBP
level.

INTRODUCTION
Primary sclerosing cholangitis (PSC) is a chronic cholestatic
liver disease characterized by persistent, progressive
biliary inflammation, fibrosis and eventually end-stage
liver disease. Clinical manifestations and progression of
the disease are heterogeneous. No reliable biomarkers
have been identified to this point that able to predict
the pace of progression. Consequently, patients with
[1]
PSC cannot be stratified properly .
The etiology of PSC is poorly understood. Importance
of gut-liver interaction in the pathogenesis of the
disease however, has been certified by a large body
[2]
of clinical evidence . On the one hand, there is a
close relation of the disease with inflammatory bowel
diseases (IBD), up to 80% of the patients have both
[3]
conditions . On the other hand, in PSC patients with
concomitant IBD, high peritransplant IBD activity
[4]
was associated with higher , while colectomy before
liver transplantation with considerably lower recurrent
[5]
rate of PSC . Experimental findings also supported
the role of inflamed permeable gut in the subsequent
[6,7]
inflammation of the biliary tract
. Patients with
PSC display an exaggerated immune response to
intestinal endotoxins with a lack of tolerance to
[8,9]
repeated endotoxin exposure . Prolonged and active
intestinal inflammation interrupts the gut mucosal
barrier function with a subsequent endotoxin exposure
to cholangiocytes. Disruption of cholangiocytes’ tight

CONCLUSION
Presence of IgA type AAA identified PSC patients with
progressive disease. Moreover, it is associated with
enhanced mucosal immune response to various microbial
antigens and enterocyte damage further highlighting the
importance of the gut-liver interaction in PSC.
Key words: Primary sclerosing cholangitis; Gut barrier
dysfunction; Intestinal fatty acid-binding protein; AntiF-actin antibody; Anti-gliadin antibody
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.
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markers of gut failure is associated with the longterm disease course in PSC; and (4) association of gut
failure markers with the markers of lipopolysaccharide
exposure and mucosal immune reactivity.

Table 1 Clinical and laboratory characteristics of primary
sclerosing cholangitis patients
Patients with PSC (n = 67)
Age at diagnosis (yr)
Disease duration (yr)
Children
Male
Cirrhosis
Prior OLTx
IBD
Crohn's Disease
Ulcerative Colitis
Overlap syndrome
Small duct PSC
Celiac disease
Albumin (g/L)
Bilirubin (μmol/L)
ALT (U/L)
AST (U/L)
GGT (U/L)
ALP (U/L)
INR
Platelet (109/L)
Mayo risk score
Atypical P-ANCA IgG
EMA IgA
EMA IgG

25 (17-36)
6 (3-10)
10 (14.5)
49 (71.0)
14 (20.3)
4 (5.8)
52 (75.4)
17 (32.7)
35 (67.3)
9 (13.0)
5 (7.2)
1 (1.5)
44 (40-47)
15 (11-22)
52 (26-99)
41 (28–66)
152 (60-310)
524 (307-822)
1 (1.0-1.2)
252 (173-319)
-0.595 (-1.194-0.102)
57 (85.1)
1 (1.5)
1 (1.5)

MATERIALS AND METHODS
Patient population

We performed an observational cohort study among
adult and pediatric PSC patients recruited in Hungarian
referral hepatology centers (Hungarian Autoimmune
Liver Disease Study Group). In total 67, wellcharacterized PSC patients with a complete clinical
follow-up [adult: 56 (male/female: 40/16), median
age at presentation: 29 years (IQR: 19-37), median
disease duration: 6 years (3-12) and children: 11
(male/female: 8/3), median age at presentation: 10
years (IQR: 6-12), disease duration: 5 (1-7)] were
included between January, 2006 and December, 2007.
Clinical characteristics of patients at enrolment are
presented in Table 1.
Diagnosis of PSC was based on clinical, biochemical,
serological and cholangiographic (magnetic resonance
or endoscopic imaging) features or, when indicated, on
[15]
histological findings . Patients with any concomitant
malignant disease were excluded. Blood samples
and detailed description of clinical phenotypes were
obtained at inclusion. Clinical data were determined
by thorough review of patients’ medical records,
which had been collected in a uniform format. Medical
records that documented disease phenotype (age
at onset, duration, type of PSC - large duct or small
duct), presence and type of concomitant IBD, presence
of overlap syndrome, presence of cirrhosis and portal
hypertension related complications (e.g., ascites,
encephalopathy, oesophageal varices or variceal
bleeding), prior orthotopic liver transplantation (OLTx),
co-morbidities and medication (e.g., ursodeoxycholic
acid, steroid, immunosuppressive and/or biological
therapy) at inclusion were retrospectively analyzed
for the period prior to the prospective follow-up. At
[16]
enrolment, revised Mayo risk score was calculated
and biochemical analyses were performed using
standard routine laboratory protocols for tests including
platelet count, creatinine, total bilirubin, albumin,
international normalized ratio (INR) of prothrombin
time, aspartate aminotransferase (AST), alanine amino
transferase (ALT), alkaline phosphatase (ALP) and
γ-glutamyl-transferase (GGT).

Data are summarized as median, (interquartile range: 25th-75th percentile)
or as n (%). ALP: Alkaline phosphatase; ALT: Alanine transaminase;
AST: Aspartate transaminase; GGT: Gamma glutamyl transferase; INR:
International normalized ratio; P-ANCA: Perinuclear anti-neutrophil
cytoplasmic antibodies; EMA: Anti-endomysial antibodies; OLTx:
Orthotopic liver transplantation; IBD: Inflammatory bowel disease; IQR:
inter-quartile range.

junctions expose them various substances, such as
[3]
bile acids, that could promote injury and inflammation .
Disruption of cholangiocytes’ tight junctions is an
important step in the development of PSC in animal
[10,11]
models
.
Recently, reliable biomarkers of gut barrier function
have been identified. Concerning enterocyte integrity,
intestinal fatty acid-binding protein (I-FABP), a
cytoplasmic protein of enterocytes, was reported as
marker of enterocyte damage that could be considered
[12]
as the “troponin of the gut” . Anti-F-actin IgA
antibodies (AAA-IgA) directed against intracellular
cytoskeletal actin filaments and anti-gliadin IgA
antibodies (AGA-IgA) serve as the markers of the
structural intestinal mucosal damage. Presence of
AAA-IgA strongly correlated with the histological
findings of total or subtotal small intestinal atrophy in
[13]
patients with celiac disease . Presence of AGA-IgA
was associated with increased intestinal permeability
in patients with cirrhosis and significant portal
[14]
hypertension .
The aims of this study were to assess: (1) the
prevalence of a panel of serologic markers that reflect
gut barrier dysfunction in a mixed cohort of pediatric
and adult PSC patients; (2) associations between
these markers and both the clinical and laboratory
characteristics of the disease; (3) whether serologic
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Phenotypical characterization of PSC patients during
prospective follow-up

Fifty-five out of 67 PSC patients were available to be
enrolled into a prospective follow-up study, where the
treating physicians registered laboratory data, imaging
and endoscopic findings, medical treatment, date and
type of complications (cirrhosis, colorectal cancer,
biliary tract cancer: cholangiocarcinoma gallbladder
cancer or cholangitis) during regular and additional

5414

August 7, 2017|Volume 23|Issue 29|

Tornai T et al . Gut barrier failure markers in PSC
outpatient follow-up visits and inpatient stays. In
Hungary, a follow-up visit is usually scheduled for
every 6 mo at a specialized hepatology center (the
actual interval varies between 3 mo-6 mo). Collected
data were transferred and stored in a database for
analysis. On December 1, 2015, all patients’ charts
and data were reviewed and updated for the data
points mentioned above. Adverse outcome was
defined as need for OLTx and/or liver-related death
(composite end-point). Follow-up for a particular
patient was terminated if there was no further record
available or adverse outcome occurred. Cases with
non-liver related death were censored at the time of
event. Median follow-up from inclusion was 2646 (IQR:
401-3130) d.

Neither bacteria are from the phylum Proteobacteria,
of which Escherichia coli is a member. The cutoff for positivity was 25 U as recommended by the
manufacturer.
Atypical P-ANCA and anti-endomysial (EMA)
antibodies were determined by commercially available
indirect immunofluorescence test (IIF) as a part of the
differential diagnostic procedure of autoimmune liver
diseases and celiac disease. Atypical P-ANCA (IgA and
IgG) and EMA (IgA and IgG) antibody positivities were
considered in case of specific fluorescencent patterns
in IIFT (Euroimmun Medizinische Labordiagnostika
AG, Lübeck, Germany) at a dilution ≥ 1:32 or 1:10,
respectively as recommended by the manufacturer.
[17,18]
Detailed description has been reported previously
.

Control groups

Ethical permission

The study protocol was approved by the Regional and
Institutional Research Ethics Committee of University
of Debrecen and the National Scientific and Research
Ethics Committee [DEOEC-RKEB/IKEB 5306-9/2011,
3515-2011, 3885/2012/EKU (60/PI/2012), 3880/2012/
EKU (59/PI/2012)]. Each patient was informed of the
nature of the study and gave informed consent in
writing.

Healthy controls and patients with ulcerative colitis (UC)
as disease control group were included.
Healthy control group consisted of 153 individuals
selected from consecutive blood donors in Debrecen.
Control subjects did not have any known gastrointestinal
or liver diseases.
Ulcerative colitis group consisted of a previously
reported cohort of 172 patients without PSC [male/
[17]
female: 79/93, age: 34 (23-44) years] .

Statistical analysis

Serological analysis

Variables were tested for normality using Shapiro Wilk’s
W test. Continuous variables were summarized as
medians [interquartile range (IQR, lowest 25%-highest
25%)] and were compared with the Mann-Whitney U
2
test. Categorical variables were compared with χ test
or Fisher’s exact test, as appropriate. We used KaplanMeier analysis to determine association between
serological antibodies and adverse disease outcome
(OLTx and/or liver-related mortality). Differences in
observed survival were assessed by the log-rank test.
The association of categorical clinical variables or
serological antibodies with adverse disease outcome
during the follow-up was evaluated by univariate
Cox-regression analysis. Multivariate analyses were
performed to adjust for the Mayo risk score or presence
of cirrhosis with forced entry method. Associations are
given as hazard ratio [HR] with 95%CI. For statistical
analysis and graphical presentation, the SPSS v.22.0
(SPSS, Chicago, IL, United States) and GraphPad
Prism 6 (San Diego, CA, United States) programs were
used. A two-sided probability value of < 0.05 was
considered to be statistically significant.

Blood samples were obtained at enrolment from each
patient and were frozen at -70 ℃ until testing. All
the serological assays were performed in a blinded
fashion without prior knowledge of the patient’s clinical
information. Commercially available ELISAs were
used according to the manufacturer’s protocol to
determine serologic markers of gut barrier function,
lipopolysaccharide (LPS) exposure and anti-microbial
antibodies. Positive cut-off levels for individual
markers were defined either by the manufacturer’s
th
recommendation or by the 95 percentile of healthy
controls and used to dichotomize absolute values.
Presence of IgA or IgG type antibodies against
®
F-actin (AAA) and gliadin (AGA) (QUANTA Lite ; INOVA
Diagnostics, San Diego, CA) and level of intestinal fatty
acid-binding protein (I-FABP) (Hycult Biotechnology,
Uden, Netherlands) were determined as the serologic
markers of gut barrier function. The cut-off for
positivity was 35 U and 25 U for both types of AAA and
AGA, respectively.
Level of acute phase protein, lipopolysaccharide
(LPS) - binding protein (LBP) and endotoxin core IgA
antibody (EndoCAb IgA) (Hycult Biotechnology, Uden,
Netherlands) were determined as markers of LPS
exposure. The cut-off for positivity was 195 U/mL for
EndoCAb IgA.
Of the classic anti-microbial serologic antibodies,
®
anti-OMP Plus antibody (QUANTA Lite , Inova Diag
nostics, San Diego, CA, United States) was detected.
This assay detects IgA antibody against multiple
bacterial proteins derived from two species of intestinal
bacteria (one Gram-positive and one Gram-negative).
WJG|www.wjgnet.com

RESULTS
Biomarkers of gut barrier function in PSC and their
association with clinical or laboratory characteristics of
PSC

Frequencies of IgA and IgG isotype AAA and AGA in
PSC and control groups comprising healthy blooddonors and patients with UC but without PSC are
summarized in Table 2. A total of 40.3% (27/67) and
22.4% (15/67) of PSC patients were positive for IgA
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Table 2 Gut failure markers in patients with primary sclerosing cholangitis and various healthy and diseases control groups n (%)

AAA
IgA
IgG
IgA or IgG
IgA and IgG
AGA
IgA
IgG
IgA or IgG
IgA and IgG

PSC (n = 67)

UC (n = 172)

P value1

HC (n = 153)

P value1

19 (28.4)
17 (25.4)
27 (40.3)
9 (13.4)

19 (11.2)
7 (4.1)
25 (14.7)
1 (0.6)

0.003
< 0.001
< 0.001
< 0.001

5 (4.4)
3 (2.7)
7 (6.2)
1 (0.9)

< 0.001
< 0.001
< 0.001
0.001

6 (9.0)
14 (20.9)
15 (22.4)
5 (7.5)

  6 (3.5)
15 (8.7)
20 (11.6)
1 (0.6)

0.101
0.014
0.042
0.007

4 (2.6)
9 (5.9)
11 (7.2)
2 (1.3)

0.071
0.002
0.003
0.029

1

P-values pertain to comparisons between PSC and the given control group. AAA IgA/G was measured in 170 patients with UC and 113 healthy controls.
PSC: Primary sclerosing cholangitis; UC: Ulcerative colitis; HC: Healthy controls; AAA: Anti-F-actin antibody; AGA: Anti-gliadin antibody.

or IgG isotype AAA and AGA, respectively. Antibody
prevalence was significantly higher compared to either
that in patients with UC [14.7% (25/170), P < 0.001
for AAA and 11.6% (20/172), P = 0.042 for AGA]
or in healthy controls [6.2% (7/113), P < 0.001 for
AAA and 7.2% (11/153), P = 0.003 for AGA]. AGA
positivity was mainly IgG isotype (9% vs 20.9%),
while AAA was of both IgA and IgG isotypes (28.4% vs
25.4%) and there was no significant overlap between
IgA and IgG subtypes of the given antibody. Likewise,
no significant overlap was observed between AAA and
AGA. Only 10.4% (7/67) PSC patients positive for
either type of these antibodies had both AAA (IgA or
IgG) and AGA (IgA or IgG) antibodies.
We analyzed clinical and laboratory characteristics
of PSC patients according to their antibody status and
summarized these results in Table 3. AAA antibody
status according to its immunoglobulin subtypes was
not associated with gender, younger age at diagnosis,
presence of cirrhosis, or concomitant IBD. However,
values of several biochemical laboratory parameters
and the Mayo risk score that indicate more severe
disease were significantly higher in the presence of IgA
isotype of AAA. In case of IgG isotype of AAA, only a
single association was reported, namely the median
level of ALP was significantly higher in antibody
positive cases compared to antibody negative ones
(715 vs 493 U/L, P = 0.048). Different AGA isotypes,
however, were not associated with either the clinical
or the laboratory characteristics of more severe PSC
phenotype.
The presence of AAA IgG was higher in patients
with overlapping autoimmune hepatitis [55.6% (5/9)
vs 20.7% (12/58), P = 0.040] compared to patients
without. In contrast, the frequency of AAA IgA was
not different between the two groups [33.3% (3/9) vs
27.6% (16/58), P = 0.706].

cholangitis. Seven patients underwent OLTx. Five
patients died due to liver-related complications.
Composite end-point (OLTx and/or liver-related death)
occurred in a total of 9 patients. One patient died due
to acute myocardial infarction, this case was censored
at time of death.
We analyzed the association of clinical variables
and the different isotypes of AAA and AGA.
In Kaplan-Meier analysis, the median time to OLTx
and/or liver-related death was 578 d (IQR: 212-1112).
Presence of cirrhosis and increased Mayo risk score
(pLogRank = 0.040 and < 0.001, respectively), but
not gender (P = 0.547), age at onset (P = 0.845),
disease location (P = 0.548) or concomitant IBD (P =
0.762) were significantly associated with faster disease
progression.
Positivity for IgA isotype AAA and AGA (pLogRank
= 0.019 and 0.005, respectively), but not for IgG
isotypes of these antibodies (pLogRank = 0.665 and
0.130, respectively) predicted OLTx and/or liverrelated death, see Figure 1. Accordingly, univariate
Cox regression analysis revealed AAA IgA and AGA
IgA-positivity as predictors of poor disease outcome
[HR = 4.54 (1.14-18.18), P = 0.032 and 5.83
(1.45-23.41), P = 0.013]. Thereafter, we used Cox
regression analysis to adjust for important clinical
variables that influence disease progression. Both IgA
isotype AAA and AGA remained significant predictors
of disease progression after adjusting for the presence
of cirrhosis [HR = 5.15 (1.27-20.86), P = 0.022 and
5.07 (1.25-20.54), P = 0.023, respectively]. Similar
results, but with weakened statistical significance was
observed in the case of AAA IgA-positivity [HR = 4.24
(0.99-18.21), P = 0.052] after adjusting for the Mayo
risk score, however the significant association was lost
in case of AGA IgA-positivity [3.67 (0.88-15.30), P =
0.074].

Significance of gut failure markers in the risk of the
progressive disease course in PSC

Role of bacterial translocation and enterocyte damage
markers in the risk of progressive disease course in
PSC

Development of colon cancer occurred in two, while
biliary tract cancer in one patient during the followup period. Nine patients had at least one episode of
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As a next step, we analyzed various serological
markers of bacterial translocation and enterocyte
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Anti-gliadin IgA
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44 (72.1)
11 (18)
47 (77)

7132 (5150-9806)
58 (40-92)
5 (10.60)
166 (90-365)

7374 (4348-12100)
123 (93-215)
7 (36.80)
365 (203-1079)

0.931
< 0.001
0.012
0.011

Anti-F-actin IgG

Anti-gliadin IgA

7377 (5795-9880)
68 (49-97)
11 (22)
199 (143-513)

6847 (3828-13300)
113 (52-150)
1 (6.30)
300 (90-365)

0.852
0.195
0.155
0.794

6959 (5044-9806)
70 (43-106)
12 (20)
216 (99-443)

11450 (5836-15200)
134 (66-241)
0 (0)
342 (143-942)

Negative (n = 50) Positive (n = 17) P value Negative (n = 61) Positive (n = 6)

37 (69.8)
10 (18.9)
40 (75.5)

11 (78.6)
3 (21.4)
11 (78.6)

0.502
0.506
0.726
0.813
0.524
0.188
0.895
0.394
0.751
0.762

0.518
0.829
0.809

0.239
0.079
0.226
0.642

8090 (6077-12700)
94 (52-150)
1 (7.10)
342 (179-1020)

0.274
0.301
0.228
0.092

[2]

The importance of gut-liver interaction in the pathogenesis of PSC has been certified by a variety of clinical and experimental evidence as discussed previously . In the present
study, therefore we investigated the clinical importance of different serological biomarkers related to gut barrier function in the prediction of progressive disease course in a cohort

DISCUSSION

damage. Patients with AAA IgA-positivity had significantly higher EndoCab IgA titers [median (IQR): 123 (93-215) U vs 58 (40-92) U, P < 0.001] and higher frequency
of anti-OMP Plus IgA antibody (36.8% vs 10.6%, P = 0.012) and also significantly higher level of the enterocyte damage marker, I-FABP [median (IQR): 365 (203-1079)
pg/mL vs 166 (90-365) pg/mL, P = 0.011). However, LBP was not different between AAA IgA positive and negative patients. No other statistically significant association
was found in case of AAA IgG or any isotypes of AGA (summarized in Table 4).

6959 (4951-9806)
70 (43-112)
11 (21.20)
195 (99-379)

P value Negative (n = 53) Positive (n = 14) P value

Anti-gliadin IgG

0.925
23 (17-37)
22 (17-29)
0.760
6 (3-8)
6 (2-17)
0.210
44 (40-46)
43 (39-47)
0.216
15 (11-23)
17 (12-20)
0.861
42 (28-61)
35 (25-55)
0.294
54 (32-111)
42 (24-65)
0.943
160 (54-310)
126 (88-305)
0.336
507 (326-746)
652 (268-1204)
0.292
253 (165-316)
241 (187-356)
0.429 -0.579 (-1.102-0.174) -0.651 (-1.194-0.021)

0.777
0.366
0.569

LBP: Lipopolysaccharide [LPS]-binding protein; EndoCab: Endotoxin core antibody; I-FABP: Intestinal fatty acid-binding protein; sIgA: Secretory IgA; IQR: Inter-quartile range.

Median, IQR
LBP (μg/L)
EndoCab IgA (U)
OMP Plus IgA, n (%)
I-FABP (pg/mL)

Positive (n = 19)

P value

Table 4 Serum level of bacterial translocation and enterocyte damage markers according to the different serologic antibody statuses

Anti-F-actin IgA

4 (66.7)
2 (33.3)
4 (66.7)

0.220
23 (17-35)
23 (18-29)
0.219
6 (3-9)
9 (1-12)
0.442
44 (40-47)
39 (39-42)
0.705
14 (10-22)
17 (16-21)
0.182
39 (28-61)
41 (34-48)
0.532
52 (25-100)
44 (37-52)
0.748
154 (60-310)
140 (93-305)
0.040
524 (312-784)
1204 (307-1299)
0.066
248 (165-316)
274 (232-494)
0.623 -0.595 (-1.194-0.102) 0.021 (-0.843-1.327)

0.175
0.618
0.201

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: γ-glutamyl-transferase; ALP: Alkaline phosphatase.

Negative (n = 48)

Anti-gliadin IgG

Positive (n = 19) P value Negative (n = 50) Positive (n = 17) P value Negative (n = 61) Positive (n = 6) P value Negative (n = 53) Positive (n = 14) P value

Male gender, n (%)
35 (72.9)
13 (68.4)
0.713
38 (76.0)
10 (58.8)
Presence of cirrhosis, n (%)
8 (16.7)
5 (26.3)
0.368
9 (18.0)
4 (23.5)
Presence of IBD, n (%)
36 (75)
15 (78.9)
0.733
40 (80.0)
11 (64.7)
Median, IQR
Age at diagnosis (yr)
23 (17-33)
26 (18-37)
0.713
25 (17-37)
20 (11-31)
Disease duration (yr)
6 (3-8)
7 (2-12)
0.240
6 (4-10)
6 (1-9)
Albumin (g/L)
44 (42-46)
39 (38-47)
0.020
44 (40-46)
43 (39-47)
Bilirubin (μmol/L)
15 (11-20)
14 (11-37)
0.704
15 (11-20)
13 (10-22)
AST (U/L)
35 (25-56)
55 (37-94)
0.006
36 (27-56)
44 (34-85)
ALT (U/L)
46 (21-92)
65 (45-165)
0.030
50 (25-97)
55 (32-165)
GGT (U/L)
142 (45-269)
193 (112-478)
0.041
153 (63-305)
153 (60-420)
ALP (U/L)
406 (253-643)
1198 (595-1766) < 0.001
469 (268-734)
715 (507-1496)
PLT (G/L)
238 (181-292)
315 (162-494)
0.212
235 (175-274)
320 (162-466)
Mayo risk score
-0.834 (-1.378 to -0.131) 0.021 (-0.554-1.248) 0.016 -0.62 (-1.142-0.102) -0.226 (-1.578-0.292)

Negative (n = 48)

Anti-F-actin IgA

Table 3 Associations between gut failure markers and disease or laboratory characteristics in patients with primary sclerosing cholangitis at enrolment
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B

A

100

80

80

60

60

OLTx/Liver related death
free survival (％)

100

P = 0.019

40
20
0

at risk

0
48
19

anti-F-actin lgA negative
anti-F-actin lgA positive
2
33
14

4
30
10

6
30
10

20
0

0
50
17

8
22
7

t /yr

C

80

60

60

OLTx/Liver related death
free survival (％)

80

40

0

0
61
6

P = 0.005

anti-gliadin lgA negative
anti-gliadin lgA positive
2
43
4

4
38
2

2
34
13

6
38
2

8
28
1

t /yr

4
31
9

6
31
9

8
24
5

t /yr
100

at risk

anti-F-actin lgG negative
anti-F-actin lgG positive

D

100

20

P = 0.665

40

P = 0.130

40
20
0

0
53
14

anti-gliadin lgG negative
anti-gliadin lgG positive
2
34
11

4
32
8

6
32
8

8
22
7

t /yr

Figure 1 Progressive disease course in primary sclerosing cholangitis according to the presence of different gut-failure related serological antibodies.
Patients positive for anti-F-Actin IgA (A) or anti-gliadin IgA (C) have higher cumulative probability of disease progression defined by need for OLTx and/or death
compared to those negative for these antibodies. IgG isotypes of these antibodies were not associated with progressive disease course (B and D).

of PSC patients. To our knowledge, this is the first study
examining disease outcomes in PSC according to these
[19]
serological markers .
The cytoskeleton protein, F-actin was identified as a
specific target of smooth muscle cell antibodies (SMA) in
[20]
autoimmune hepatitis and for over a decade IgG isotype
AAA testing - either by immunofluorescence technique
or ELISA - has been incorporated into the diagnostic
[21]
procedure of the disease . Increased occurrence of this
antibody was reported in other autoimmune diseases
[22]
(e.g., celiac disease or connective tissue disease) . To
our knowledge no previous study assessed, however,
the prevalence and isotype characteristics of AAAs in
PSC.
In the present study, we demonstrated - for the
first time - that enhanced AAA formation is a feature
of PSC regardless of overlapping AIH. A quarter of
our PSC patients showed positivity for AAA that was
significantly higher compared to either patients with
UC or healthy controls. Contrary to routine laboratory
practice, AAA was identified by anti-IgA secondary
antibody in addition to anti-IgG one. This approach
revealed isotype dependent association of AAA with
clinical characteristics of the disease. The presence
of IgA, but not IgG type AAA indicated more severe
disease at baseline based on Mayo risk score and
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different biochemical parameters. Concordantly, previous
studies in celiac disease reported that the presence of IgA
isotype AAA were strongly associated with the degree of
active tissue damage of the intestinal mucosa. At the
same time, AAA IgA-positivity disappeared parallel to
mucosal healing after gluten free diet was introduced.
Of note, cases with persistent intestinal mucosa
damage despite gluten-free diet, remained positive for
[23]
AAA IgA antibody .
As a further novel finding of our study, the presence
of AAA IgA-positivity predicted faster disease progression
during follow-up, even after adjusting for the presence
of cirrhosis or the Mayo risk score. We considered both
liver-related death and OLTx as equal endpoints, since
they represent the development of end-stage liver
disease as the result of the progressive fibrosis.
The mechanism how the breakdown of tolerance
towards F-actin is associated with the development
of enhanced fibrosis and thus disease progression in
the liver remaines to be elucidated. Interestingly, in
our study patients with positivity for AAA IgA had an
enhanced mucosal immune response to microbial
antigens, like endotoxin (EndoCab IgA) or bacterial
proteins (anti-OMP Plus IgA). This immune response
seems to be restricted to the intestinal mucosal
compartment without leading to systemic reaction
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since serum LBP concentration, the serologic hallmark
of systemic LPS exposure were similar in AAA IgA
positive and negative cases. This result is in agreement
with the findings of previous studies. Namely, portal
venous bacteraemia is not frequent in PSC. However,
exposure of endotoxins to biliary epithelial cells leads
to disruption of enterocytes’ and cholangiocytes’
tight junctions through TLR4 mediated signaling that
is an important step in the pathogenesis in animal
[3,24]
models of PSC
. Our observation that serum level
of I-FABP was significantly higher in the group of
patients with AAA IgA-positivity compared to those
with AAA IgA-negativity corresponds to these abovementioned literature findings. I-FABP is considered
an accurate marker of enterocyte damage, since it is
specifically produced by enterocytes and is released
to systemic circulation in case of cellular injury during
inflammatory processes.
Autoantibodies are generally not pathogenic in
PSC, therefore it may be unlikely that the severity of
biliary injury is driven by humoral factors. Production
of AAA may reflect, however an enhanced (immune)
reactivity of lymphocytes towards surrounding tissue
and/or cellular debris. Of note, AAA is not organspecific since they may be present in a wide range
of immune-mediated diseases other than PSC, as
mentioned previously. IgG isotype AAA was associated
with disease activity and poor survival in autoimmune
[25,26]
[26]
hepatitis
. In the study of Czaja et al patients
seropositive for AAA were more commonly HLADR3 positive, while seronegative patients had higher
frequency of HLA-DR4 positivity than healthy subjects.
In the same study AAA were also associated with
HLA-B8 positivity. Interestingly, in PSC Wiencke
[27]
et al
also demonstrated that HLA-DR3 and B8
are associated with progressive disease course.
Conversely, patients with HLA-DR4 do not experience
an accelerated disease progression, they also have
a decreased risk for disease recurrence after liver
[28,29]
transplantation
. Based on these previous findings
we speculate that the formation of AAA IgA in PSC
might reflect a phenotype with distinct immunological
function and genetic susceptibility for a more severe
inflammatory process, similarly as in autoimmune
hepatitis. A recent report on the association between
autoantibodies, like atypical P-ANCA and HLA status in
[30]
PSC might further support this hypothesis . Hypothetical
sero-genotype linkage between AAA IgA-positivity
and more aggressive HLA genotype warrants further
exploration.
In the present study, occurrence of AGA was
significantly higher in patients with PSC compared to
either that in patients with UC or healthy subjects.
Frequency of AGA IgG/IgA corresponds to the findings
[31]
of Sjöberg et al
(22.4% vs 24%). Distinctly only
IgG but not IgA isotype were more frequent in our
study. Higher frequency of AGA is observed in various
disorders, such as celiac disease, neurodegenerative
diseases, systemic lupus erythematosus and autoimmune
[32-34]
liver diseases
. Investigators have attributed the
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formation of these antibodies to an increased uptake of
peptides from the gut lumen to the intestinal mucosa
and presence of AGA is considered as a marker of
a non-specific immune reaction towards a dietary
[14]
peptide. Furthermore, Reiberger et al
reported a
surprisingly high frequency (about 60%) of AGA in
patients with liver cirrhosis, mainly of alcoholic origin.
Patients with AGA had higher portal venous pressure
and increased intestinal permeability assessed by
the sucrose-lactulose-mannitol test. Nevertheless,
a Swedish study including 22 patients with PSC
failed to detect an altered intestinal permeability
[35]
in PSC . Intestinal permeability in PSC might
rather be considered as an immunological barrier
[8,36]
dysfunction
. We found an association between
IgA type AGA and accelerated disease progression
in our cohort, however due to the low number of
positive cases, this finding should be interpreted
with caution. The increased chance of a false positive
finding as a result of the small number of positive
cases is a limitation to be acknowledged. We speculate
that the finding of an earlier study from a French
research group might serve as a possible explanation.
They showed that AGA IgA facilitated an increased
transport of gliadin peptides from the intestinal lumen
to the gut mucosa via CD71. In the subepithelial
space these undigested toxic peptides are able to
[37]
perpetuate intestinal inflammation . Of note, the
design of our study was mainly explorative and did
not include experimental methods that could give an
exact explanation for the increased risk of disease
progression in the presence of specific antibodies.
To conclude, we reported that antibodies against
F-actin are frequent in patients with PSC. Presence
of IgA isotype of this antibody was associated with
an enhanced mucosal immune response to various
microbial antigens and also with the presence of
enterocyte damage. Furthermore, AAA IgA identified
a subgroup of patients with an increased risk of
accelerated disease progression. These results serve
as additional proof for the importance of the gutliver interaction in PSC. If they confirmed in largescale cohorts, IgA isotype of AAA could be a candidate
biomarker for serological risk stratification of patients
with PSC.
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Abstract
AIM
To investigated the hemostatic ability of the S and
F1-10 methods in clinical and ex vivo studies.
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METHODS
The hemostatic abilities of the two methods were
analyzed retrospectively in all six gastric endoscopic
submucosal dissection cases. The treated vessel
diameter, compressed vessel frequency, and bleeding
frequency after cutting the vessels were noted by the
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endoscopic mucosal resection and endoscopic sub
mucosal dissection (ESD) are popular therapeutic
strategies to resect benign and early cancerous lesions
[7]
that require the use of an electrosurgical generator .
Preventing bleeding during operation, especially in ESD,
is one of the most important factors to accomplish safe
[8]
and successful tumor removal .
The modern electrosurgery has various coagulation
modes. The forced coagulation utilizes a high output
voltage > 200 Vp with an interrupted waveform. The
forced coagulation creates sparks, which coagulate on
superficial tissues. At the same time, a high output
voltage coagulation mode, such as the forced coagu
[9]
lation, generally has a cutting ability . In ESD, it
can create appropriate coagulation for small vessels,
such as the capillaries; however, its effect for nonsmall vessels larger than the capillaries is insufficient,
because the non-small vessels are cut before being
dehydrated adequately and have a risk of bleeding.
Therefore, the forced coagulation mode is thought to
be unsuitable for precoagulation of large vessels.
On the other hand, the peak voltage between
the active electrode and the target tissue in the soft
coagulation mode is limited to < 200 Vp. This mode
does not cause any sparks, only uses Joule’s heat, and
[10,11]
avoids rupturing the vessels
.
We previously reported the effectiveness of
vessel-sealing with endoknife compression using the
[12]
soft coagulation mode (S method) in ESD . This
method is useful for coagulation without bleeding
before cutting relatively large vessels, such as those
penetrating between the muscularis propria. However,
an important limitation of this mode is that the
current cannot flow to the tissue when its resistance
becomes too high because of the limited voltage
below 200 Vp. Therefore, it has a risk of inadequate
coagulation when the vessels are too large and the
tissue resistance becomes too high while processing.
Owing to this, hemostatic forceps were generally
used to precoagulate large vessels. Therefore, we
required a more effective setting for large vessels.
The forced coagulation mode is usually not used for
precoagulation; however, we found when the HF (highfrequency) power is reduced to a quite low level, it
can avoid generating sparks. It was suggested that
the forced coagulation mode with a low HF power
setting be used for precoagulation to process larger
vessels. Based on these, vessel-sealing with endoknife
compression using the forced coagulation mode with
low HF power setting (Effect 1, 10 W: F1-10 method)
was also used in our facility (The peak voltage in the
forced coagulation is adjusted from Effect 1 to 4; Effect
1 is the lowest peak voltage setting).
Accordingly, this setting hardly causes vessel
rupture in spite of using the forced coagulation mode.
Therefore, we retrospectively analyzed the effectiveness
of bleeding control by the S and F1-10 methods to find

recorded videos. The coagulation mechanism of the two
power settings was evaluated using the data recording
program and histological examination on macro- and
microscopic levels in the ex vivo experiments using
porcine tissues.
RESULTS
F1-10 method showed a significantly better hemostatic
ability for vessels ≥ 2 mm in diameter and a trend
of overall better coagulation effect, evaluated by the
bleeding rate after cutting the vessels. F1-10 method
could sustain electrical current longer and effectively
coagulate the tissue wider and deeper than the S
method in the porcine model.
CONCLUSION
F1-10 method is suggested to achieve a stronger
hemostatic effect than the S method in clinical procedures
and ex vivo models.
Key words: Endoscopic submucosal dissection;
Electrosurgery; Endoknife; Hemostatic effect; The
forced coagulation mode
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The prevention of bleeding during endoscopic
submucosal dissection (ESD) is one of the most
important factors in safe and successful tumor removal.
We investigated the difference in bleeding rates
between S method and F1-10 method in stomach ESD.
The investigation suggests that F1-10 method can
achieve a stronger hemostatic effect than S method
for large vessels. In addition, we investigated the
difference of the hemostatic strength and mechanism
using ex vivo model. F1-10 method could sustain
electrical current longer and effectively coagulate wider
and deeper areas of tissue than S method, resulting in
a strong hemostatic effect.
Ishida T, Toyonaga T, Ohara Y, Nakashige T, Kitamura Y,
Ariyoshi R, Takihara H, Baba S, Yoshizaki T, Kawara F, Tanaka
S, Morita Y, Umegaki E, Hoshi N, Azuma T. Efficacy of forced
coagulation with low high-frequency power setting during
endoscopic submucosal dissection. World J Gastroenterol 2017;
23(29): 5422-5430 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i29/5422.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i29.5422

INTRODUCTION
Electrosurgery is used in many fields of medicine and
is one of the most commonly used energy system in
surgery. Basic understanding of electricity is required for
the safe use of electrosurgical technology for patient
[1-6]
care . In the endoscopic field of gastroenterology,

WJG|www.wjgnet.com

5423

August 7, 2017|Volume 23|Issue 29|

Ishida T et al . Efficacy of the forced coagulation mode

A

B

C

D

E

F

Figure 1 Process of the vessel-sealing with endoknife compression technique. A: The vessel penetrating between the muscularis propria is
exposed; B-D: The vessel is compressed by the FlushKnife-BT 2.5 mm and coagulated using the S method or F method until the color turned white, which
indicates a complete desiccation of the vessel. If it does not turn white completely, we tried this method from the other side; E and F: Finally, the vessel is
cut with the FlushKnife-BT 2.5 mm using the forced coagulation mode (Effect 3, 50 W).

Vessel-sealing with endoknife compression technique

the optimum power setting. Moreover, the mechanism
of coagulation was analyzed by ex vivo experiments
using porcine tissues to further evaluate the coagulation
ability of these two settings.

ESD was carried out with a FlushKnife-BT 2.5 mm (DK2618JB; Fujifilm, Tokyo, Japan) through a conventional
single-channel endoscope (GIF-Q240 Olympus, Tokyo,
Japan) with a transparent hood (Top Co., Ltd. Tokyo,
Japan) at the tip of the endoscope. VIO 300D (ERBE
Elektromedizin, Tübingen, DEU) was used as the
electrical surgical generator.
Vessel-sealing with endoknife compression was
carried out as follows: (1) exposure and isolation of the
target vessel in the submucosal layer; (2) compression
of the vessel with the FlushKnife-BT and coagulating it
with the S method (Effect 7, 100 W) or F1-10 method
(Effect 1, 10 W) until the vessel turned white, which
is a sign of coagulation completion; and (3) cutting of
the vessel using the forced coagulation mode (Effect
[12]
3, 50 W) (Figure 1A-F) . This technique was initially
applied to process the vessel; however, when sufficient
coagulation was not achieved, hemostatic forceps were
used. Thereafter, when the same or larger-sized vessel
was found in the same patient, hemostatic forceps
were sometimes used without the trial of vesselsealing because successful sealing was not expected.
A total of 12 recorded ESD sessions, including six
each of the S and F1-10 method, were viewed by two
endoscopists (Ishida T and Ohara Y). The treatment
time was counted from the beginning of the local
injection to the end of the treatment. The diameter of
the processed vessels, frequency of the compressed

MATERIALS AND METHODS
Patients

Between April and December 2014, a single expert
endoscopist (Toyonaga T) with an experience of >
4000 cases of ESD performed ESD to treat 36 gastric
lesions at Kobe University Hospital and Kishiwada
Tokushukai Hospital. Based on the clinical records
and recorded videos of the ESD sessions, 22 cases
were treated with only the S method and 14 cases
with only the F1-10 method. Of these, the patients
and lesions that met the following conditions, which
can influence the bleeding tendency of the patients,
and those lesions typically require no precoagulation,
were excluded from this study: (1) patients under
medication with any antiplatelet or anticoagulation
effect; (2) patients undergoing dialysis; (3) lesions in
the antrum; (4) lesions with ulcer; and (5) resected
specimen < 30 mm. As a result, six cases each with
the S and F1-10 methods were included in the study.
Informed consent for the procedure was obtained
from all patients; this retrospective study was approved
by both the ethics committees of Kobe University
Hospital and Kishiwada Tokushukai Hospital.
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A

B

Figure 2 Evaluation of coagulation by an ex vivo model. A: The FlushKnife-BT 2.5 mm was placed on the fresh pork block and lightly pressed by the transparent
glass to apply even pressure to each tip; B: The 3-mm ball tip electrodes were used to investigate the width and depth of the coagulation.

apply even pressure to each tip (Figure 2A). The VIO
300D was used as the electrosurgical generator, and
electrical current was applied using the two different
power settings, the S method (Effect 7, 100 W) and
F1-10 method (Effect 1, 10 W), five times each with
an unused FlushKnife-BT every time. The peak voltage
(Vp), current elapsed time (s), and electric energy
(W) were measured with the lapse of time by a data
recording program (VIO DOKU, ERBE Elektromedizin,
Tübingen, DEU). The current elapsed time was defined
as the time from the start of the electric current
until it went off. The 3-mm ball tip electrodes were
used to investigate the depth of coagulation (Figure
2B) because the tip of the FlushKnife-BT was too
small to evaluate the deference of the coagulated
area. Paraffin-embedded sections were made, and
hematoxylin-eosin (H and E) staining was performed
to microscopically confirm the tissue denaturation in
the examination using the FlushKnife-BT.

Table 1 Patient and lesion baseline data in the S and F1-10
methods
S method
(n = 6)
Age, median (yr) (range)
Sex (male/female)
Lesion location, U/M/L1
Histology, well/mod/poor
Tumor size, median (mm)
(range)
Resected size, median
(mm) (range)
Depth of tumor invasion,
M/SM1/SM22
Median time of treatment
(min)
Postoperative bleeding rate
En bloc resection rate

3

F1-10 method P value
(n = 6)

70 (64-87)
5:1
3/3/0
6/0/0
13.5 (8-36)

71 (53-79)
4:2
4/2/0
6/0/0
16 (6-23)

0.81
0.59
0.64
1.00
0.60

50.5 (33-64)

44.5 (31-56)

0.63

4/2/0

3/1/2

0.42

65

52.5

0.69

0
100%

0
100%

1.00
1.00

1

The three portions of the stomach; 2Depth of tumor invasion was classified
as follows: M, tumor confined to the mucosa; SM1, tumor confined within
0.5 mm of the muscularis mucosae; SM2, tumor invasion is 0.5 mm or
deeper into the muscularis mucosae; 3Categorical variables were compared
using the two-sided Fisher's exact test and χ 2 test. Continuous variables
were compared using the Wilcoxon's rank-sum test. U: Upper third; M:
Middle third; L: Lower third.

Statistical analysis

Categorical variables were compared using the two2
sided Fisher's exact test and χ test. Continuous
variables were compared using the Wilcoxon's ranksum test. Statistical significances were defined as P <
0.05. All statistical analyses were performed using the
®
JMP 11 (SAS Institute Inc., Cary, NC, United States).

vessel by the FlushKnife-BT, and time to complete the
coagulation were evaluated in a blind manner. The
diameter of the vessels was calculated by comparing
it with the ball tip (0.9 mm) or the shaft (0.5 mm) of
the FlushKnife, sheath (2.7 mm), and length between
[13]
the sheath and the ball tip (2.5 mm) . Bleeding after
procession was defined when it required the use of
hemostatic forceps or more than thrice the additional
hemostatic procedure using the FlushKnife-BT. The
bleeding rates after endoknife precoagulation were
compared between the S and F1-10 methods.

RESULTS
Clinical results of gastric ESD

Patient and treated lesion characteristics are shown in
Table 1. No significant difference was found between
the S and F1-10 method groups. The total number of
vessels that required coagulation was 61 and 63 in the
S and F1-10 method groups, respectively. Notably, 12
vessels in the S method and one in the F1-10 method
were treated by hemostatic forceps, without any trial
of the endoknife precoagulation. Among these, seven
vessels in the S method and one in the F1-10 method
were treated with forceps because the vessels were

Evaluation of coagulation by an ex vivo model

A 2.5-cm thick fresh pork block with a return electrode
underneath was prepared in the metal vat. The
unused FlushKnife-BT 2.5 mm was placed on the
block and lightly pressed by the transparent glass to
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Number of subject vessels
S method: n = 61 F1-10 method: n = 63
Number of vessels processed by hemostasis forceps
S method: n = 12 F1-10 method: n = 1
(Number of vessels processed by hemostasis forceps
without vessel-sealing)
S method: n = 7 F1-10 method: n = 1
Number of vessel-sealing
with endoknife compression
S method: n = 49 F1-10 method: n = 62

Number of small vessels (less than 2 mm)
S method: n = 23 F1-10 method: n = 33

Number of large vessels (2 mm or more)
S method: n = 26 F1-10 method: n = 29

Figure 3 Vessels processed by the vessel-sealing with endoknife compression.

0.058). We further investigated the bleeding rates of
the large vessels, defined as ≥ 2 mm in diameter.
There were 26 and 29 large vessels in the S and
F1-10 methods, respectively. The bleeding rates of the
large vessels were 26.9% (7/26) and 3.4% (1/29) in
the S and F1-10 methods, respectively, which were
significantly different (P = 0.021, OR = 10.32, 95%CI:
1.17-90.78) (Table 3).

Table 2 Results of the vessel diameter, frequency of the
compressed vessel, and coagulation time in the vesselsealing with endoknife compression technique during gastric
endoscopic submucosal dissection

Number of vessels processed
by vessel-sealing
with endoknife compression
Median vessel diameter (mm)
(range)
Median frequency of
compressed vessel (times)
(range)
Median time of coagulation
(s) (range)

P 1 value

S method

F1-10 method

49

62

2 (1-3)

1.5 (1-3)

0.68

2 (1-8)

2 (1-5)

0.11

9 (2-48)

10 (1-58)

0.11

Ex vivo experimental results

The peak voltage, current elapsed time, and electric
energy were measured by the VIO DOKU using the
FlushKnife-BT in a porcine block. The median peak
voltage was 172 Vp and 560 Vp in the S and F1-10
methods, respectively. The time-dependent output
power is shown in Figure 4. The median current
elapsed time was 0.22 s and 1.54 s in the S and F1-10
methods, respectively; the F1-10 method could keep
the electric current longer than the S method. The
mean total electrical energy was 6.34 W and 12.5 W in
the S and F1-10 methods, respectively (Table 4).
The width and depth of coagulation using the
3-mm ball tip electrode were wider (8 mm vs 5 mm)
and deeper (7 mm vs 3 mm) in the F1-10 method
compared with the S method in the macroscopic
views (Figure 5A and B). The H&E-stained section
of the porcine block coagulated with the FlushKnifeBT showed that coagulation with the F1-10 method
spread wider and deeper to the surrounding tissues
compared to that with the S method (Figure 5C).

1

Continuous variables were compared using the Wilcoxon's rank-sum test.

larger than the vessel with failed precoagulation in
the same patient. The rest of the 49 and 61 vessels in
the S and F1-10 methods, respectively, processed by
endoknife precoagulation were compared for bleeding
control efficacy of the electrical output settings (Figure
3). The details of the processed vessels are shown
in Table 2. The median vessel diameter was 2 mm in
the S method and 1.5 mm in the F1-10 method. The
median frequency of the compressed vessel was twice
in both methods, and the median coagulation time was
9 s and 10 s in the S and F1-10 methods, respectively.
No significant difference was found between the S
and F1-10 methods. The bleeding rate after vessel
processing was 18.4% (8/49) and 4.8% (3/62) in the
S and F1-10 methods, respectively (P = 0.058, OR =
3.84, 95%CI: 0.96-15.34). No statistically significant
differences were found; however, the F1-10 method
strongly showed a trend in preventing bleeding after
precoagulation compared with the S method (P =

WJG|www.wjgnet.com

DISCUSSION
ESD has enabled an endoscopic en bloc resection
of large tumors in the esophagus, stomach, and
colorectum. However, intraoperative bleeding remains
one of the major complications during ESD, although
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90
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Output power (W)
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40

SOFT (2)
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SOFT (3)
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SOFT (4)
SOFT (5)

10
0.004
0.070
0.144
0.209
0.279
0.353
0.427
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0.562
0.635
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0.766
0.832
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0.971
1.041
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1.250
1.324
1.389
1.454
1.520
1.594
1.663
1.729

0

Current elapsed time (s)

Figure 4 Time-dependent HF power in F1-10 and S methods measured by the VIO DOKU.

A

B

C

Figure 5 Macroscopic view after coagulation by the ball electrode with a 3-mm tip and microscopic view after coagulation by the FlushKnife-BT in the
porcine block. A: Macroscopic view of the front surface after coagulation using the ball electrode with a 3-mm tip. The coagulation at the left and right is the result
of the F1-10 and S methods, respectively; B: Macroscopic view of a transverse section after coagulation using the ball electrode with a 3-mm tip; C: Microscopic
view of the hematoxylin-eosin staining after coagulation by the FlushKnife-BT 2.5 mm. The coagulation at the left and right is the result of the F1-10 and S methods,
respectively.

bleeding improved to some degree by the development
of devices, such as endoknives, hemostatic forceps,
[14]
and electrical surgical units . In actual practice, it
sometimes takes a lot of time to stop bleeding in ESD;
once the lesion is bleeding, it is difficult to recognize
the submucosal layers as these are blood-stained,
[15]
making the procedure more difficult to perform . The
prevention of intraoperative bleeding is important to
achieve a safe ESD. The FlushKnife-BT, which has a
ball tip on top of the needle, improved the hemostasis
effect compared with the conventional needle-type

WJG|www.wjgnet.com

FlushKnife because its round ball tip compressed the
[13]
vessels widely and decreased the current density .
However, the FlushKnife-BT still pose a bleeding risk as
the vessels are cut before adequate coagulation.
It was suggested that the S method is useful for
precoagulation. Soft coagulation regulates the peak
voltage below 200 Vp, and it can dehydrate the vessels
without any spark or rupture. Therefore, this mode
was thought to be appropriate for this technique.
However, its efficacy was insufficient, especially for
large vessels in the upper and middle thirds of the
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Table 3 Rates of bleeding after vessel-sealing with endoknife compression for all vessels and large vessels

Rate of bleeding
Rate of large vessel bleeding1

S method

F1-10 method

P 2 value

OR

95%CI

16.3% (8/49)
26.9% (7/26)

4.8% (3/62)
3.4% (1/29)

0.058
0.021

3.84
10.32

0.96-15.34
1.17-90.78

1

Large vessels were defined as those with > 2 mm diameter; 2Fisher's exact test was used.

ESD in the esophagus and colorectum, which have
thinner walls than the stomach. Further, no obvious
increase in the postoperative perforation rate has been
observed since the induction of the F1-10 method
in our facility until the present. Such finding may
be explained by the vessel-sealing with endoknife
compression technique, which applies electrical energy
after compressing and pulling the vessel apart from
the muscle layer. Its concept is essentially the same as
that of coagulation using hemostatic forceps. However,
it must be emphasized that too much coagulation on
the muscularis propria should be avoided to prevent
deep coagulation. This caution is similar as with the
[17]
hemostatic forceps should be used .
Recently, one research reported that the bleeding
rate after endoknife precoagulation was not significantly
different between the use of the F1-10 method and
the hemostatic forceps with the soft coagulation during
gastric ESD; further, the use of F1-10 did not result
in serious intraoperative bleeding and reduced the
[18]
frequency of using hemostatic forceps . The F1-10
method was demonstrated to be as safe and effective
for bleeding prevention as hemostatic forceps.
However, there were some limitations in our study.
First, the vessels processed by hemostatic forceps
were excluded from the analysis (12 in the S method
and one in the F1-10 method); it has a potential to be
a selection bias, however, those included were only the
vessels larger than the ones for which precoagulation
was not accomplished. Therefore, even if endoknife
precoagulation was attempted, it was highly expected
that it would fail. Although there is no research that
compares the precoagulation effectiveness between
the S-method and hemostatic forceps method yet,
it is empirically known that the coagulation ability of
hemostatic forceps is stronger than the S method;
further, precoagulation using hemostatic forceps can
[19,20]
reduce the bleeding risk
. If there was a selection
bias, it would be for the advantage of the S method in
this study. However, the result still suggested that the
F1-10 method was superior to the S method. Second,
the clinical data shown are achieved under the use of
the FlushKnife-BT, which has a ball tip and is capable
of firm vessel compression. This FlushKnife-BT method
should not be simply applied when precoagulation
with different types of ESD knives is performed. The
ideal generator setting should be investigated for each
bleeding control strategy and for different types of
devices. Further, only a skilled endoscopist performed

Table 4 Electrical condition using the FlushKnife-BT in the
porcine ex vivo model analyzed by the VIO DOKU
FlushKnife-BT 2.5 mm
Median peak voltage (Vp)
Median current elapse time (s)
Median total electric energy (W)

S method

F1-10 method

172 (170-173)
0.22 (0.20-0.30)
6.34 (3.9-8.67)

560 (538-587)
1.54 (0.50-1.77)
12.5 (3.47-13.8)

[16]

stomach . We introduced this technique using the
F1-10 setting as aforementioned by modifying the
peak voltage and power setting, and the usefulness of
the S and F1-10 methods were compared in this study.
In the clinical study, the bleeding rates after vessel
processing for large vessels were 26.9% and 3.4% in
the S and F1-10 methods, respectively, which were
significantly different. The median current elapsed time
was longer, and the width and depth of coagulation
were wider and deeper in the F1-10 method than in
the S method in the ex vivo study.
Forced coagulation mode usually generates the
sparks and fulguration accompanying the cutting
function added to the coagulation. It was known
that this mode was unsuitable for the endoknife
precoagulation. However, when the peak voltage
and electrical power in the forced coagulation were
decreased to the level of the F1-10 setting, the current
elapsed time became much longer than that of the S
method and sparks were not observed in both ESD
and experiment with the porcine tissue.
While the electrode heat dehydrates the tissues
and increases tissue resistance, the electric current
gradually decreased and turned off. This mechanism
can be explained by Ohm's law, in which voltage (U) =
resistance (R) × electric current (I). Forced coagulation
creates a higher voltage than that of soft coagulation
and could keep the current flow much longer even
after the tissue resistance increased, as shown in the
experiment. It can imply that under the generation
of Joule's heat without sparks, the coagulation range
is decided by the current elapsed time. For this
mechanism, the F1-10 method achieved a wider and
deeper coagulation area than the S method.
Our study showed the usefulness of the F1-10
method from the point of superior coagulation ability
during ESD. On the other hand, this method may
have the risk of perforation due to deep coagulation.
However, we did not experience intraoperative
perforation using the F1-10 method even during
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the ESD in the present study. The generalizability of
the result in this study remains uncertain; however,
we believe that if proper precoagulation procedure is
conducted, similar results could be obtained.
In conclusion, the vessel-sealing with endoknife
compression technique using the F1-10 method is
better than that using the S method, especially for
large vessels. Thus, the F1-10 method is considered to
promote a safer and better quality ESD.
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Abstract
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AIM
To assess differences in clinical outcomes of isolated
renal failure (RF) compared to other forms of organ
failure (OF) in patients with severe acute pancreatitis (SAP).
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METHODS
Using a prospectively maintained database of patients
with acute pancreatitis admitted to a tertiary medical
center between 2003 and 2016, those with evidence
of persistent OF were classified to renal, respiratory,
cardiovascular, or multi-organ (2 or more organs).
Data regarding demographics, comorbidities, etiology
of acute pancreatitis, and clinical outcomes were
prospectively recorded. Differences in clinical outcomes
after development of isolated RF in comparison to other
forms of OF were determined using independent t and
2
Mann-Whitney U tests for continues variables, and χ
test for discrete variables.
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RESULTS
Among 500 patients with acute pancreatitis, 111
patients developed persistent OF: mean age was
54 years, and 75 (67.6%) were male. Forty-three
patients had isolated OF: 17 (15.3%) renal, 25 (21.6%)
respiratory, and 1 (0.9%) patient with cardiovascular
failure. No differences in demographics, etiology of
acute pancreatitis, systemic inflammatory response
syndrome scores, or development of pancreatic
necrosis were seen between patients with isolated RF
vs isolated respiratory failure. Patients with isolated RF
were less likely to require nutritional support (76.5%
vs 96%, P = 0.001), ICU admission (58.8% vs 100%,
P = 0.001), and had shorter mean ICU stay (2.4 d vs
15.7 d, P < 0.001), compared to isolated respiratory
failure. None of the patients with isolated RF or isolated
respiratory failure died.

local complications including pancreatic necrosis. Overall,
[2]
1%-2% of patients die from AP-related complications .
The Revised Atlanta Classification, based on an inter
national consensus, stratifies AP according to disease
severity into 3 categories: mild [no organ failure (OF)
and no local complications], moderate (transient OF
resolving in less than 48 h and/or local complications),
and severe (persistent OF lasting at least 48 h with/
[3]
without local complications) .
Within the spectrum of severe AP (SAP) according
to the Revised Atlanta Classification, persistent OF
encompasses isolated OF or multiple OF. The three
main organ systems that are affected in SAP are
renal, respiratory, and/or cardiovascular. Patients with
[4]
persistent OF frequently have local complications .
Variability of the impact of organ-specific failure on the
clinical course of AP may be important to appropriately
triage healthcare resources, guide management,
predict long-term outcomes, and allow the comparison
[5]
of different therapeutic interventions .
Renal failure (RF) in SAP can be isolated, but more
commonly is part of multiple OF. Acute RF in the
setting of multiple OF has been shown to be associated
with worse clinical outcomes including prolonged
hospital stay, admission to the intensive care unit (ICU),
[6]
and higher mortality . One study reported a 10-fold
increase in mortality when acute RF complicates
[7]
SAP . However, the specific clinical outcomes of the
SAP patient subgroup with isolated RF have not been
well characterized. The aim of this study was to assess
the incidence of isolated RF in patients with SAP, and
analyze differences in clinical outcomes compared to
other forms of OF (isolated and multiple).

CONCLUSION
Among patients with SAP per the Revised Atlanta
Classification, approximately 15% develop isolated RF.
This subgroup seems to have a less protracted clinical
course compared to other forms of OF. Isolated RF
might be weighed less than isolated respiratory failure
in risk predictive modeling of acute pancreatitis.
Key words: Renal failure; Respiratory failure; Organ
failure; Acute pancreatitis; Clinical outcomes
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In a large prospective observational study, we
show that approximately 15% of patients with severe
acute pancreatitis develop isolated renal failure. This
subgroup has an overall better prognosis and less
protracted clinical course compared to patients with
other isolated or multiple organ failure. These results
can be useful in allocating healthcare resources and
counseling patients. We propose that isolated renal
failure be weighed less in risk predictive modeling of
acute pancreatitis.

MATERIALS AND METHODS
Study population

Pancreatitis-associated risk of organ failure (PROOF) is an
ongoing observational study conducted at the University
of Pittsburgh Medical Center and approved by the
institutional review board (protocol ID PRO08010374).
Patients who meet at least 2 of 3 criteria for diagnosis
of AP are considered eligible for enrollment: presence
of abdominal pain characteristic of AP, serum lipase
level ≥ 3 times the upper limit of normal, and imaging
findings consistent with AP. Patients with imaging and/
or clinical findings suggestive of chronic pancreatitis
or pancreatic cancer are excluded. After obtaining
informed consent, each patient is enrolled into the
study following admission or transfer to our center,
and is prospectively followed until hospital discharge.
The study has been conducted in three separate time
periods, with consecutive enrollment of patients starting
in June 2003 until January 2016.
Pertinent demographic, laboratory, and radiological
data were prospectively recorded. Outside hospital
medical records of transferred patients were reviewed.
Diagnosis and etiology of AP, development of local

Gougol A, Dugum M, Dudekula A, Greer P, Slivka A, Whitcomb
DC, Yadav D, Papachristou GI. Clinical outcomes of isolated
renal failure compared to other forms of organ failure in patients
with severe acute pancreatitis. World J Gastroenterol 2017;
23(29): 5431-5437 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i29/5431.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i29.5431

INTRODUCTION
Acute pancreatitis (AP) is a leading cause of gastro
intestinal-related hospital admissions, and its incidence
[1]
continues to increase . While the majority of patients
have a mild and self-limiting clinical course, about 20%
progress to develop end-organ failure with or without
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complications, type and duration of OF, and other
clinical outcomes including need for nutritional support,
admission to the ICU, and length of stay were recorded.
Need for nutritional support refers to inability to tolerate
oral feeding and includes enteral tube feedings and/or
parenteral nutrition. Length of stay refers to overall
length of stay from the time of admission to discharge,
which includes duration of stay in outside hospitals for
transferred patients. For patients with RF, fractional
excretion of sodium (FENa) was calculated as [(Urine
Na/Serum Na)/(Urine Cr/Serum Cr) × 100], when
these values were available. Need for and duration
of hemodialysis, and development of chronic kidney
disease at 3 mo were recorded. For patients with
respiratory failure, need for and duration of intubation,
and need for tracheostomy were recorded.

Windows, Version 19.0. Armonk, NY: IBM Corp), and
Stata (StataCorp. 2013. Stata Statistical Software:
Release 13. College Station, TX: StataCorp LP). The
statistical review of the study was performed by a
biomedical statistician.

RESULTS
A total of 500 patients with AP were studied. Figure
1 shows the patient cohort distribution according to
development of OF, duration, and specific organ(s)
involved.. One hundred and eleven patients developed
persistent OF: 43 (38.7%) developed isolated OF and
68 (61.3%) developed multiple OF. The mean age for
patients with persistent OF was 54.2 years, and 75
(67.6%) were male.
Table 1 summarizes the characteristics of all AP
patients, comparing patients with isolated, multiple,
and no persistent OF. Overall, the three groups were
comparable in age, gender, race, etiology of AP, and
pre-existing chronic illnesses. Table 2 shows the
differences in severity predictors, imaging findings,
interventions, and clinical outcomes among AP patients
with isolated, multiple, and no persistent OF. As
expected, SIRS criteria were more common in patients
with OF than those with no persistent OF. Need for
admission to the ICU (100% vs 83.7%, P = 0.001),
and median length of ICU stay (18.5 d vs 6 d, P <
0.001), were higher in patients with multiple OF than
isolated OF. Patients with multiple OF were more likely
to have infected pancreatic necrosis (38.9%), extrapancreatic infections (44.1%), and longer median
total hospital stay (37 d), than those with isolated OF.
Twenty two of 68 patients with multiple OF (32.4%)
died, while none of the patients with isolated OF or no
persistent OF died (P < 0.001).

Definition and classification of organ failure

Patients who developed OF were classified into:
isolated RF, respiratory failure, cardiovascular failure,
or multiple OF (2 or more organs). OF was defined as
a score of 2 or more for one of these organ systems
using the modified Marshall scoring system. RF is
defined by a serum creatinine of 1.9 mg/dL or higher,
respiratory failure is defined by a PaO2/FiO2 of 201
or less, and cardiovascular failure is defined by a
systolic blood pressure < 90 mmHg that is not fluid
[8]
responsive .

Statistical analysis

Data regarding demographics, comorbidities, etiology
of AP, and clinical outcomes were stratified and
compared with respect to development and type of
OF. Initially, patients with isolated OF were compared
with those with no OF and those with multiple OF.
Then, patients with isolated RF were compared
to those with other types of isolated OF. Next, we
attempted a multivariate logistic regression model to
determine predictors of organ failure subtypes (which
was coded as a dichotomous variable: patients with
isolated renal failure were coded “0” and those with
isolated pulmonary failure “1”). Patient characteristics
with a P-value < 0.25 in univariate analysis were
included in multivariate model. A stepwise forward
and backwards elimination method were attempted to
find a final parsimonious model. Additionally, absence
of collinearity was confirmed using pre-specified
variance inflation factor of 5. Normality in continuous
data was evaluated utilizing Kolmogorov-Smirnov
test. Mean ± SD or median with interquartile range
were used for continuous variables and counts with
percentages for categorical variables. Differences in
clinical outcomes following development of isolated RF
in comparison to other forms of OF, were determined
using t-test and Mann-Whitney U tests for continues
variables, and Pearson’s chi-square test for categorical
variables. All tests were two-tailed and a P-value ≤
0.05 was considered statistically significant. Analyses
were performed using SPSS (IBM SPSS Statistics for

WJG|www.wjgnet.com

Isolated renal failure compared to renal failure as part of
multiple organ failure

In total, 17 patients developed isolated RF while 65
patients had RF as part of multiple OF. The majority of
patients with multiple OF had RF (96%). Among those
with isolated RF, only 2 (11.8%) patients required the
initiation of hemodialysis compared to 36 (55.4%) of
patients with RF as part of multiple OF (P = 0.001).
The FENa, when available, was less than 2% for
most patients in both groups (66.7% of isolated RF
and 88.9% of RF as part of multiple OF, P = 0.17).
Length of stay was significantly shorter in patients with
isolated RF compared to those with multiple OF (19
d vs 38 d, P = 0.001). There was no difference in the
development of chronic kidney diseases between both
groups (16.7% of isolated RF patients vs 26.2% of
multiple OF patients, P = 0.496). None of the patients
with isolated RF required prolonged hemodialysis after
discharge, while 55.2% of those with RF as part of
multiple OF did (P = 0.001). None of the patients with
IRF died, while 22 (33.9%) of those with RF as part of
multiple OF died (P = 0.005).
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AP

n = 500

No OF

OF

n = 371

n = 129

Persistent OF
n = 111

Including RF
n = 65

MOF

IOF

n = 68

n = 43

Including
respiratory
failure
n = 66

Including
cardiovascular
n = 39

IRF

n = 17

Transient OF
n = 18

Isolated
cardiovascular
failure
n =1

Isolated
respiratory
failure
n = 25

Figure 1 Patient cohort flowchart based on development of organ failure, duration, and specific organ(s) involved.

Table 1 Characteristics among patients with isolated organ failure, multiple organ failure, and no persistent organ failure

Mean age ± SD
Male
Caucasian
Median BMI (IQR)
Transfers
First episode of AP
Etiology
Biliary
Alcoholic
Idiopathic
Hypertriglyceridemia
Post-ERCP
Other
Comorbidities
Pre-existing heart failure
Pre-existing renal failure
Pre-existing respiratory disorder

IOF

MOF

n = 43

n = 68

50.7 (18.5)
29 (67.4)
39 (90.7)
28.8 (25.7-32.9)
35 (81.4)
35 (81.4)

56.4 (15.4)
46 (67.6)
61 (89.7)
32.2 (28.7-36.4)
61 (89.7)
58 (85.3)

P value

No OF

P value

n = 389
0.08
0.98
0.87
0.009
0.21
0.59

50.5 ± 18.9
178 (45.8)
344 (88.4)
27.5 (24.2-32.9)
168 (43.2)
233 (59.9)

0.97
0.007
0.66
0.27
< 0.001
0.006

17 (39.5)
12 (27.9)
4 (9.3)
4 (9.3)
2 (4.7)
4 (9.3)

35 (51.5)
8 (11.8)
9 (13.2)
9 (13.2)
3 (4.4)
4 (5.9)

0.33

144 (37)
51 (13.1)
77 (19.8)
26 (6.7)
63 (16.2)
28 (7.2)

0.03

0
1 (2.3)
2 (4.7)

2 (2.9)
4 (5.9)
1 (1.5)

0.26
0.38
0.31

9 (2.3)
8 (2.1)
16 (4.1)

0.31
0.9
0.87

Values presented as mean ± SD or n (%). P values: 1st column reflects comparison of IOF to MOF, and 2nd column reflects comparison of IOF to no OF. IOF:
Isolated organ failure; MOF: Multiple organ failure; OF: Organ failure; AP: Acute pancreatitis; BMI: Body mass index; IQR: Interquartile range; ERCP:
Endoscopic retrograde cholangiopancreatography.

Isolated renal failure compared to isolated respiratory
failure

was not included in further analysis. No differences
in demographics, etiology of AP, systemic inflam
matory response syndrome scores, or development of
pancreatic necrosis were present between isolated RF
and isolated respiratory failure. Patients with isolated

Overall, 43 developed isolated OF: 17 (15.3%) RF, 25
(21.6%) had respiratory failure, and 1 (0.9%) patient
had cardiovascular failure. Thus, cardiovascular failure

WJG|www.wjgnet.com

5434

August 7, 2017|Volume 23|Issue 29|

Gougol A et al . Isolated RF vs other forms of OF
Table 2 Severity predictors, imaging findings, and clinical outcomes among acute pancreatitis patients with isolated organ failure,
multi-organ failure, and no persistent organ failure n (%)

SIRS score on admission ≥ 2
SIRS score at 48 h of admission ≥ 2
Mean IVF the first 24 h in liters (SD)
ICU admission
Median ICU LOS in days (IQR)
Need for nutritional support
Pancreatic necrosis1
Infected necrosis1
Need for drainage or debridement
Extra-pancreatic infections
Median LOS in days (IQR)
Mortality

IOF

MOF

n = 43

n = 68

23 (53.5)
26 (60.5)
4.38 (1.98)
36 (83.7)
6 (2-14.4)
38 (88.4)
28/39 (71.8)
5/39 (12.8)
13 (30.2)
8 (18.6)
20 (16-32)
0

45 (66.2)
52 (76.5)
5.04 (1.79)
68 (100)
18.5 (10-35)
58 (85.3)
45/54 (83.3)
21/54 (38.9)
38 (55.9)
30 (44.1)
37 (25-53)
22 (32.4)

P value

No OF

P value

n = 389
0.18
0.07
0.41
0.001
< 0.001
0.64
0.18
0.006
0.008
0.006
< 0.001
< 0.001

107 (27.5)
84 (21.6)
3.79 (1.5)
50 (12.9)
0
80 (20.6)
80/251 (31.9)
11/164 (6.7)
31 (8)
27 (6.9)
6 (4-9)
0

< 0.001
< 0.001
0.23
< 0.001
< 0.001
< 0.001
< 0.001
0.2
< 0.001
0.008
< 0.001

Denominators reflect number of patients with available contrast-enhanced computed tomography scan. P values: 1st column reflects comparison of IOF to
MOF, and 2nd column reflects comparison of IOF to OF. AP: Acute pancreatitis; IOF: Isolated organ failure; MOF: Multi-organ failure; OF: Organ failure; SIRS:
Systemic inflammatory response syndrome; IVF: Intravenous fluids; ICU: Intensive care unit; LOS: Length of stay; IQR: Interquartile range.
1

Table 3 Demographics and clinical outcomes in severe acute pancreatitis patients with isolated renal failure and isolated respiratory
failure n (%)

Male
Mean ± SD
Mean BMI (SD)
Biliary etiology
ICU admission
Mean ICU LOS in days (SD)
Need for nutritional support
Pancreatic necrosis
Need for drainage or debridement
Median LOS (IQR)
Mortality

Isolated renal failure

Isolated respiratory failure

n = 17

n = 25

13 (76.5)
56.1 (18.2)
32 (7.3)
6 (35.3)
10 (58.8)
2.4 (3.1)
13 (76.5)
11 (64.7)
5 (29.4)
19 (15-28)
0

16 (64)
47.1 (18.6)
28.5 (4.8)
11 (44)
25 (100)
15.7 (12.7)
24 (96)
16 (64)
7 (28)
22 (16-35)
0

P value
0.39
0.13
0.06
0.57
< 0.001
< 0.001
0.01
0.8
0.92
0.31

SD: Standard deviation; BMI: Body mass index; ICU: Intensive care unit; LOS: Length of stay; IQR: interquartile range.

RF were less likely to require nutritional support (76.5%
vs 96%, P = 0.01), had lower requirement for ICU
admission (58.8% vs 100%, P = 0.001), and had
shorter mean ICU stay (2.4 d vs 15.7 d, P = 0.001),
compared to isolated respiratory failure. There were no
statistically significant differences in the development
of pancreatic necrosis, need for pancreatic drainage or
debridement, or overall length of hospital stay between
the two groups. None of the patients with isolated
RF or isolated respiratory failure died (Table 3). In a
multivariate logistic regression model after controlling
for other factors, length of ICU stay was statistically
shorter in patients with isolated RF compared to those
with isolated pulmonary failure (P = 0.032). Table 4
summarizes the specific clinical parameters of each of
the 17 patients with isolated RF.

those studies has been difficult due to heterogeneity
of the patient populations, varying definitions of acute
RF and AP severity, and different end-points. However,
no prior study has focused on AP patients with isolated
RF and the clinical outcomes of this subgroup are not
known.
One retrospective study from Europe of 563
patients with AP found that 79 (14%) developed acute
RF, and that this group had an overall 10-fold increase
in mortality (75% vs 7%, P < 0.001). However,
the majority of patients with RF (96%) actually had
multiple OF, and outcomes of AP patients with isolated
[7]
RF were not reported . Another cross-sectional study
from China included 228 patients with SAP and found
that the overall incidence of acute RF is 18%. This
study showed that underlying chronic kidney disease,
hypoxemia, and abdominal compartment syndrome,
were independent factors for development of acute RF
[6]
in those patients . Again, the unique characteristics of
patients with isolated RF were not evaluated.
To our knowledge, this is the first study to evaluate
the clinical outcomes of SAP patients with isolated RF.

DISCUSSION
Prior studies have reported the clinical outcomes
including hospital stay and mortality for SAP patients
[6,7,9,10]
who developed acute RF
. Comparison across
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Table 4 Specific clinical parameters of patients with isolated renal failure
Patient

Age

Gender

Etiology

Comorbidity

PNec

Dialysis

Dialysis at DC

Dialysis indication

ICU

LOS

1
2
3
4
5
6
7
8
9
10
11
12

50
54
68
64
40
81
32
78
58
60
81
29

M
M
M
M
M
F
M
F
M
F
M
M

Post-ERCP
HTG
Idiopathic
Biliary
Alcohol
Biliary
Alcohol
Biliary
Other
Alcohol
Biliary
Other

Cirrhosis
None
Diabetes
Diabetes
Cirrhosis
None
None
Diabetes
None
None
None
None

No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
Yes

Peak Cr
2.9
2.6
2
3.8
4.1
2.2
3.6
1.9
2
2.5
4
7.8

No
No
No
No
No
No
No
No
No
No
No
Yes

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
No

No
No
Yes
No
Yes
No
No
Yes
No
Yes
Yes
Yes

19
18
19
84
12
15
21
28
51
26
17
30

13
14
15
16
17

41
77
62
54
24

M
M
F
M
M

HTG
Biliary
Post-ERCP
Biliary
HTG

Diabetes
COPD, Diabetes
Cholangiocarcinoma
None
COPD

Yes
No
No
Yes
Yes

6.6
3.3
2.9
14.6
4.1

No
No
No
Yes
No

NA
NA
NA
No
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
Hyperkalemia,
volume overload
NA
NA
NA
Hyperkalemia
NA

Yes
Yes
No
Yes
Yes

18
12
6
33
11

M: Male; F: Female; ERCP: Endoscopic retrograde cholangiopancreatography; HTG: Hypertriglyceridemia; COPD: Chronic obstructive pulmonary disease;
PNec: Pancreatic necrosis; Cr: Creatinine; DC: Discharge; NA: Not applicable; ICU: Intensive care unit; LOS: Length of stay.

[12]

In our prospectively enrolled cohort of AP patients
admitted or transferred to a major tertiary medical
center, the overall incidence of acute RF in patients
with SAP was 74% but only 15% developed isolated
RF. The majority of patients with RF, whether isolated
or as part of multiple OF, had a FENa of less than
2% which is consistent with a pre-renal etiology of
kidney injury. When RF is part of multiple OF, namely
respiratory and/or cardiovascular failure, there is a
statistically significant association with increased need
for hemodialysis (55%), median length of hospital stay
(38 d), and death (34%). In patients with isolated RF,
only 12% required hemodialysis, their median length
of hospital stay was 19 days, and importantly none of
those patients died.
As only 1 patient developed isolated cardiovascular
failure in our cohort, the isolated OF comparison
focused on RF vs respiratory failure. Despite absence
of differences in baseline characteristics between both
groups, patients with isolated RF were significantly less
likely to require nutritional support (77% vs 96%),
require ICU admission (59% vs 100%), and had shorter
mean ICU stay (2.4 d vs 15.7 d), compared to isolated
respiratory failure. The explanation for the excess in
need for ICU care in patients with isolated respiratory
failure is mostly related to the need for mechanical
ventilation which none of the isolated RF would
have necessarily required. There were no significant
differences in the development of pancreatic necrosis,
need for pancreatic drainage or debridement, or overall
length of hospital stay between the two groups.
The mechanisms of acute RF development in AP
patients are not well studied and the resulting renal
injury is likely multifactorial. Proposed mechanisms
include hypoxemia-driven injury to the renal tubular
[11]
epithelial cells , impairment of renal microcirculation
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due to released pancreatic amylase , release of
apoptotic molecules including cytokines from the
[13]
inflamed pancreas leading to renal cellular injury ,
and abdominal compartment syndrome that may
develop in patients with SAP and lead to decreased
[14]
renal perfusion pressure causing ischemic injury .
Accordingly, the favorable outcomes of patients
with isolated RF, as shown in this study, could be a
reflection of milder renal injury due to absence of
hypoxemia when there is no associated respiratory
failure. Furthermore, an intact cardiovascular response
likely minimizes the degree of renal hypoperfusion that
one would otherwise expect when renal injury and
cardiovascular collapse are present simultaneously.
Moreover, in contrast to isolated respiratory failure,
isolated RF in the setting of AP could represent a
milder reversible form of organ failure. This may
have implications on the amount and timing of intra
venous fluid resuscitation as excess fluid may lead
to pulmonary edema and respiratory failure, while
adequate properly timed hydration may correct RF.
The main limitation of our study is the observational
design and therefore inability to determine the
mechanistic roles of isolated RF on outcomes of SAP
patients. Also, as the study is conducted in a tertiary
referral center, our findings may not be representative
of the community setting of all comers with AP,
but rather a “sicker” group of patients. The major
strengths of the study are the prospective method of
patient enrollment, large sample size, and inclusion of
all AP patients regardless of disease etiology.
In summary, our study shows that approximately
15% of patients with SAP develop isolated RF. This
subgroup seems to have an overall better prognosis
and less protracted clinical course compared to
patients with isolated respiratory failure and multiple
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OF. These results can be useful in allocating healthcare
resources and counseling patients. We propose that
isolated RF might be weighed less in risk predictive
modeling of AP.
4
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SYSTEMATIC REVIEW

Laparoscopic ultrasonography as an alternative to
intraoperative cholangiography during laparoscopic
cholecystectomy
Alexandra Dili, Claude Bertrand

Abstract

Alexandra Dili, Claude Bertrand, Unit of Digestive, Endocrine
and General Surgery, Department of Surgery, University Hospital
- Godinne, Université catholique de Louvain, CHU UCL Namur,
5530 Yvoir, Belgium

AIM
To assess the role of laparoscopic ultrasound (LUS) as
a substitute for intraoperative cholangiography (IOC)
during cholecystectomy.
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approval of the final version.

METHODS
We present a MEDLINE and PubMed literature search,
having used the key-words “laparoscopic intraoperative
ultrasound” and “laparoscopic cholecystectomy”. All
relevant English language publications from 2000 to
2016 were identified, with data extracted for the role
of LUS in the anatomical delineation of the biliary
tract, detection of common bile duct stones (CBDS),
prevention or early detection of biliary duct injury (BDI),
and incidental findings during laparoscopic cholecy
stectomy. Data for the role of LUS vs IOC in complex
situations (i.e. , inflammatory disease/fibrosis) were
specifically analyzed.
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RESULTS
We report data from eighteen reports, 13 prospective
non-randomized trials, 5 retrospective trials, and two
meta-analyses assessing diagnostic accuracy, with
one analysis also assessing costs, duration of the
examination, and anatomical mapping. Overall, LUS
was shown to provide highly sensitive mapping of
the extra-pancreatic biliary anatomy in 92%-100% of
patients, with more difficulty encountered in delineation
of the intra-pancreatic segment of the biliary tract
(73.8%-98%). Identification of vascular and biliary
variations has been documented in two studies. Although
inflammatory disease hampered accuracy, LUS was
still advantageous vs IOC in patients with obscured
anatomy. LUS can be performed before any dissection
and repeated at will to guide the surgeon especially
when hilar mapping is difficult due to fibrosis and
inflammation. In two studies LUS prevented conversion
in 91% of patients with difficult scenarios. Considering
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operation and possibly represents the first widely
[2]
accepted “gold standard” laparoscopic approach . LC
is a relatively easy and safe operation, as long as the
biliary duct is adequately mapped. Indeed, delineation
and meticulous evaluation of the biliary tract is critical
for the detection of common bile duct stones (CBDS),
and for the prevention of bile duct injury (BDI).
Over the past few decades the advantages of LC vs
the open procedure have been widely acknowledged,
[3]
but with one glaring blemish, the higher rate of BDI ,
despite a recent report describing a rate of BDI of
[4]
0.08% . During LC the main cause of BDI is poor
visibility of the biliary tract (71%-97% of patients) and
[5,6]
inadequate surgical skills .
In order to clarify biliary anatomy during LC,
different techniques have been proposed. These
include intraoperative cholangiography (IOC), cholecy
stocholangiography, dye cholangiography, light
cholangiography, passive infrared cholangiography,
near-infrared fluorescence cholangiography, hyper
spectral cholangiography, and laparoscopic ultrasound
[7]
(LUS) . Of these techniques, IOC is the most
commonly used to determine bile duct anatomy and
to diagnose CBDS. There has been much debate
as to whether this examination helps to prevent, or
improve the early detection of BDI. This controversy
is of considerable importance to the patient, and their
[6]
treatment , with uncertainty as to whether IOC should
[8-11]
be routinely or more sparingly used
.
The routine implementation of IOC poses several
challenges. Practically, these include the need for
dissection before IOC, which may be technically difficult
(in acute or chronic inflammatory disease), together
with cannulation of a short, thin, or tortuous cystic
[12]
duct , and the risk of avulsion during cannulation of
[13]
an inflamed cystic duct . Additionally, IOC lengthens
[14]
the procedure time
and increases costs, imposes
a learning curve in terms of correctly interpreting
[5]
images , and exposes the medical team and patient
to ionizing radiation, even if this seems to be negligible
[15]
concern for the adult population .
Soon after the outset of LC use, authors proposed
that LUS be used to substitute for the lack of tactile
palpation during laparoscopy, such that the surgeon
could identify subsurface structures. Prior to 2000,
multiple reports emphasized the benefits of LUS, and
its efficacy in assessing CBDS and anatomy during
[16-35]
LC
.
Compared to IOC, LUS is described as less invasive,
faster, cheaper, with no adverse events, and can be
repeatedly used during the operation with no risk of
irradiation, which is clearly preferable for pregnant or
young patients. Nevertheless, despite these positives,
the routine use of LUS during LC is virtually nonexistent compared to IOC, with only 1% of surgeons
[36]
using this technique .
This report aims to review the role of LUS as a
substitute for IOC for the anatomical delineation of
the biliary tract, anatomical evaluation during acute

CBDS detection, LUS sensitivity and specificity were
76%-100% and 96.2%-100%, respectively. LUS
allowed the diagnosis/treatment of incidental findings
of adjacent organs. No valuable data for BDI prevention
or detection could be retrieved, even if no BDI was
documented in the reports analyzed. Literature analysis
proved LUS as a safe, quick, non-irradiating, costeffective technique, which is comparatively well known
although largely under-utilized, probably due to the
perception of a difficult learning curve.
CONCLUSION
We highlight the advantages and limitations of
laparoscopic ultrasound during cholecystectomy, and
underline its value in difficult scenarios when the
anatomy is obscured.
Key words: intraoperative ultrasound; laparoscopic
cholecystectomy; bile duct injury; choledocolithiasis;
biliary anomalies
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Laparoscopic ultrasound (LUS) during cholecy
stectomy allows a non-invasive study of the biliary
tract, with an excellent ability to detect common bile
duct stones and identify anatomy. Unlike intraoperative
cholangiography, LUS can be performed before Calot’s
triangle dissection, which facilitates the mapping of
biliary and hilar structures during difficult scenarios
such as severe inflammation and fibrosis. Cheap, quick,
and non-irradiating LUS can be repeated at will during
the operation. Adjacent organs can also be examined,
allowing incidental findings. Our review of the recent
literature highlights the advantages of LUS, despite
its underuse, particularly in difficult cholecystectomies
when the anatomy is obscured.
Dili A, Bertrand C. Laparoscopic ultrasonography as an
alternative to intraoperative cholangiography during laparoscopic
cholecystectomy. World J Gastroenterol 2017; 23(29): 5438-5450
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i29/5438.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i29.5438

INTRODUCTION
The last few decades have seen the increased adoption
of minimally invasive surgery in various abdominal
procedures. A drawback of this laparoscopic approach
is the inability of the surgeon to palpate abdominal
organs. This loss of tactile feedback, combined
with technical difficulties and an extensive learning
curve, may collectively explain the slow uptake of
laparoscopic surgery in the field of hepatic-biliary[1].
pancreatic surgery (HPB)
Cholecystectomy (LC) is the most common HPB
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Table 1 Results of PubMed review
Author

Year

Type of
study

Number of
patients

Surgeon

Routine
LUS use

Detailed anatomical
description

CBDS
report

Tranter
Biffl
Halpin
Catheline
Tranter

2001
2001
2002
2002
2003

PNR
PNR
PNR
PNR
PNR

367
248
380
900
135

Several
Several
Single
ni
Several

+
+
+
+
+

Poor
No
Yes
No
No

+
+
+
+
+

Onders
Perry
Machi
Hakamada
Machi
Hublet
Li
Hashimoto
Pfluke
Nasu
Kothari

2005
2007
2007
2008
2009
2009
2009
2010
2011
2012
2013

PNR
PNR
PNR
RSS
RMS
PNR
PRN
RMS
RSS
PNR
PNR

105
236
200
299
1352
269
103
220
50
71
253

Single
Single
Several
Several
Several
Single
Several
Several
Several
ni
Several

+
+
+
+
+
+
+
+
+

No
Poor
Poor
Yes
No
Poor
Yes
Yes2
Yes
Poor
Poor

+
+
+
+
+
+
+
+
+
-

Gwinn
Shaaban
Meta-analysis
Aziz
Jamal

2013
2014

PNR
RSS

44
70

Several
Single

+
-

Poor
No

+

2014
2015

MA
MA

1

Specific aims of the study other than LUS
efficacy
CBDI
Comparison with IOC
Comparison with IOC
Comparison with IOC, measurement of
duct diameter
Comparison with IOC
Cost
Educational program

CBDI

Comparison with trans-abdominal US in
obese patients
Impact of inflammatory disease

1

Since instigation as part of an educational program ; 2Focus on cystic duct-CBD junction. RSS: retrospective single center study; RMS: retrospective
multicenter study; PNR: prospective non-randomized study; MA: meta-analysis; ni: no information; CBDS: common bile duct stones; LUS: laparoscopic
ultrasound; IOC: intraoperative cholangiography.

cholecystitis, CBDS detection, the prevention or early
detection of BDI, and incidental findings during LC.

errors whereby surgeons fix anatomical structures
incorrectly, especially when the anatomy is obscured
or where there is an anatomical variation, is the most
[39]
common cause of injury . The two structures that are
most commonly misidentified as the cystic duct (neither
of which are particularly rare) are the common bile
duct, and an aberrant right hepatic duct that drains the
posterolateral sector of the liver.
[40]
Izuishi et al
reported multi-slice-computed
cholangiography of 113 patients and documented that
a posterior inferior duct joined the common hepatic
duct directly (parallel to the cystic duct) in 6% of
patients, whereas a posterior segmental duct directly
joined either the common bile duct in 7% of patients,
or cystic duct in 1% of cases. An overall rate of
anatomical variation of 16% was documented, which
underlines the importance of accurately identifying
all structures during LC. In a larger cohort study,
anatomical variations of the bile duct were analyzed
[41]
in 1094 direct cholangiograms by Yoshida et al .
The relative position of the right anterior (A), right
posterior (P), right (R), left (L), and cystic ducts were
documented. Arborizing patterns revealed that 67.7%
were normal (i.e., RL, a normal bile duct convergence),
whereas 17.7%, 8%, and 6%, demonstrated APL
(i.e., trifurcation), A-PL (i.e., low implantation of the
right anterior duct), and P-AL (i.e., low implantation
of the right posterior duct), respectively. Cystic duct
anomalies occurred in 1.6% of patients, the most
frequent being the pattern (0.5%) in which the cystic
duct merges with lower branch of the posterolateral

MATERIALS AND METHODS
A literature search of the PubMed and MEDLINE
database was performed using the following keywords:
“intraoperative laparoscopic ultrasound” and “laparo
scopic cholecystectomy”. Overall, only English-language
publications published between January 2000 and
December 2016 were considered. All studies that
contained material relevant to the topic were reviewed.

RESULTS
From 2000 to 2016, no randomized controlled trials
were conducted. Eighteen reports were identified,
13 were prospective non-randomized trials, and 5
were retrospective trials. Two meta-analyses were
found, one assessing the diagnostic accuracy of LUS
[37]
in detecting CBDS vs IOC , and a second, analyzing
CBDS detection, together with costs, time taken for
the examination, and ability to identify anatomical
[38]
landmarks . Table 1 shows the published studies,
together with their respective methodologies and
principal evaluated variables.

LUS and anatomy

During LC, an appreciation of bile duct and vascular
anatomy is mandatory in order to perform fine dissec
tion and prevent bile duct and vascular injuries. Indeed,
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A

C

PV

GB

HA

B

CHD

D
HA

CHD

PV
CHD

CD

PV

Figure 1 Laparoscopic ultrasonography: technique. Transversal approach - A: Through the liver; B: directly on the hepatoduodenal pedicle. Longitudinal
approach - C: through the liver; D: directly on the hepatoduodenal pedicle (isotonic solution’s irrigation that improves acoustic coupling). CD: cystic duct junction with
the the common bile duct; CHD: common hepatic duct; HA: hepatic artery; PV: portal vein; GB: gallbladder with macrolithiasis.

segmental duct. This pattern has to be recognized
correctly by the surgeon during LC in order to avoid
misidentification and subsequent injury of the right
posterior segmental duct.
LUS with the color Doppler application and
transverse scanning generates the characteristic
“Mickey Mouse” appearance of the CBD, portal
[22]
vein, and common hepatic artery . Occasionally,
a prominent cystic duct that is parallel to the CBD
[23]
can be identified in a “four tube sign” . Hashimoto
[42]
et al
studied the efficacy of LUS in identifying the
cystic-common bile duct junction and found that LUS
was inaccurate in 6% of patients, predominantly
when the diameter of the CBD was less than 5 mm.
In longitudinal scanning, LUS provides excellent
anatomical information (Figure 1).
In order to complete a thorough examination
of the biliary tract, the surgeon has to identify the
biliary convergence with the left and right sectorial
branches through the liver. Sequentially, the branch
of the anterior right sector (direct extension of the
CBD) is identified, followed by the posterior right
sector duct. Then the gallbladder bed is visualized,
followed by the walls of the gallbladder, then the
trangential hepatic vein. This is a branch of the middle
hepatic vein, tangential to the gallbladder bed, which
is present in 15.38% of patients. When injured, this
vein can provoke serious bleeding, mostly in cirrhotic
[43-45]
patients
. A Doppler LUS is performed to identify

WJG|www.wjgnet.com

the vascular anatomy and hepatic blood flux. The
hepatoduodenal ligament is irrigated with an isotonic
solution that improves acoustic coupling between the
screened surface and probe. This permits analyses of
the CBD (its integrity and diameter), the cystic duct,
the junction between the cystic duct and the CBD,
and the common hepatic duct and its intra-pancreatic
portion (Figure 2). Other interesting anatomical findings
[46]
include vascular variation or injuries , or even lymph
nodes.
An advantage of LUS is that it can be used before
or after dissection of the Calot’s triangle, and, since it
is not time consuming, can be repeated as needed. In
the literature, 7 authors used LUS prior to dissection,
and 7 after (table 2). As shown in table 2, LUS can
be performed before or after dissection, according to
perioperative findings, or before dissection to identify
anatomy and systematically afterwards to confirm
the correct dissection and absence of any injury.
Considering the cystic duct-CBD junction, which is one
of the most critical parts of the dissection, Hashimoto
[42]
et al , in a retrospective multicenter trial, reports an
improved identification rate (of 98%) after dissection
of the Calot’s triangle compared to 84% when LUS is
completed before dissection. It is interesting to note
that use of LUS at the end of the operation could be
used to confirm the integrity of the common bile duct
after clipping and transection of the cystic duct.
A review of the literature shows that most authors
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RAD

A

+1.0

RPD

D

B

LHD-rex

C

LHD-emergence

+1.0

-1.0

-1.0

E

F

CHD

PV

CBDS 3.5 mms

G

CBDpre-papillary stones

CD

H

CBD

CBD
PD

PH

CD

Figure 2 Laparoscopic ultrasonography: bile duct anatomy. A-C: Biliary convergence anatomy; D-F: Classical cystic duct junction with common bile ducts stones;
G and H: Intra-pancreatic bile duct. RAD: right anterior sector duct; RPD: right posterior sector duct; LHD: left hepatic duct; LHD-rex: left hepatic duct at Rex
recessus; CBDS: common bile duct stones; CD (E): cystic duct; CHD: common hepatic duct; CBD: common bile duct; CD (G): cystic duct with low implantation in
the common bile duct; PD: pancreatic duct; PH: pancreatic head.

describe how to analyze the biliary tract, but very
few provide details of the success with which each
portion of the CBD is identified, which is essential in
performing a safe LC. Table 3 provides data for the
rates of “complete observation” and the ability of LUS
to identify duct segments. According to these data, the
rate of “complete observation” of the biliary tract with
LUS ranged from 92%-100%, with very few reports
providing an accurate rate of identification of each
biliary duct segment. Complete anatomic analyses
[13,47-49]
are reported in only four manuscripts
, with
[47,48,50]
vascular identification and/or variation in three
.
Anatomic vascular and/or biliary variations have been
described such as a foreshortened cystic duct in 14% of
patients in a retrospective single center trial reported
[47]
[51]
by Pfluke ), atypical cystic-bile duct junctions ,
[47,51]
aberrant hepatic ducts
, or an accessory right
[47]
hepatic artery .
Even if LUS imaging of the CBD provides excellent
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accuracy (Table 3), visualization of the intra-pancreatic
portion appears to be more challenging, with rates of
[12,13,47-49]
complete delineation ranging from 73% to 100%
.
[38]
In a meta-analysis performed by Jamal et al
there was no significant difference between IOC and
LUS in identifying the extra-pancreatic CBD, but IOC
appeared to be more efficient in delineating the intrapancreatic CBD. Other authors report discontinuous
mapping of the biliary tract. In a prospective non[13]
randomized trial, Halpin et al
reports discontinuous
screening of the middle and/or distal CBD in 10% of
patients. This agrees with other studies reporting rates
[20,52]
of discontinuous mapping of the CBD of 4%-17%
.
In Halpin’s experience, this did not translate into
increased false negatives with LUS.

LUS and acute or chronic inflammatory disease

A major impediment to the conclusion of LC is the
inability to identify, with surety, the location of the
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anatomy obscured due to Mirizzi’s syndrome, acute
or chronic cholecystitis, or pancreatitis. Even though
no comment was made in this report considering the
particularly difficult situation of fibrosis, 79.1% of
patients were considered to be in a state of chronic
[55]
cholecystitis. Biffl et al
in a prospective non-rando
mized study showed that LUS provided an excellent
guide for dissection as its routine use during acute
cholecystitis allowed operations to be completed
with lower conversion rates than seen with patients
operated on without LUS (P = 0.09). According to
these data, LUS seems to play an essential role in
mapping the biliary and hilar trunk when the anatomy
is obscured such as in the fibrotic or inflammatory
state. The possibility of identifying the anatomy before
and/or during dissection could be one of this technique’
s most valuable aspects.
Conversely, other authors have suggested that
[51]
inflammation may hinder LUS analysis . For example,
[48]
Hakamada et al
, in a retrospective single center
study, reported a high analysis rate for the complete
biliary tract in LC for cholecystolithiasis, which then
fell according to the severity of inflammation, while
preserving an excellent feasibility rate of 100%.

Table 2 laparoscopic ultrasound performed pre- or postdissection
Author

Year

No. of LUS pre- LUS postpatients dissection dissection

Tranter
Biffl
Catheline
Halpin
Tranter
Onders
Machi
Perry

2001
2001
2002
2002
2003
2005
2007
2007

367
248
900
380
135
105
200
236

+
+
+
+
+

+
+
+
+
+
+

Hakamada
Hublet
Li
Machi
Hashimoto
Pfluke
Nasu
Gwinn
Kothari
Shaaban

2008
2009
2009
2009
2010
2011
2012
2013
2013
2014

299
269
103
1352
220
50
71
44
253
70

+
+
+
+
+
+
-

+/+
+/+
+
+
+

According to the
situation
After if necessary

After if necessary

LUS: laparoscopic ultrasound.

extra-hepatic bile duct and to assess its relationship
with the gallbladder when the hepatoduodenal anatomy
is obscured. Cholangitis or previous pancreatitis may
render access to the biliary tract difficult. In such cases
the risk of major bile duct and/or vascular injury is
substantial, even for the most adept HPB surgeon. IOC
is not possible without dissection. In such hazardous
situations, LUS can be a valuable adjunct and can be
performed before dissection, and repeated as needed
to guide the surgeon. Many authors report their
experience of LUS in scenarios of inflammatory disease
(Table 4).
[53]
Gwinn et al , in a prospective non randomized trial,
reports a rate of 100% complete biliary tract analysis
even with acute inflammation. In that study, LUS was
critical in performing LC during acute cholecystitis
in all 44 patients whose anatomy was obscured by
acute or chronic cholecystitis, with a rate of 34.1% of
gangrenous cholecystitis, but no mention of the fibrotic
percentage. During the operation, for all cases, LUS
was used to identify with precision the anatomy of the
cystic duct, CBD, and the cystic duct-CBD junction.
Indeed LUS was considered to be a crucial tool in
[53]
avoiding conversion in 91% of patients , with no
BDIs observed. It seems that even when complete
visualization of the biliary tract is difficult to achieve
because of inflammatory disease or fibrosis, the most
important dissection targets (cystic duct, CBD, and the
cystic duct-CBD junction) can still be finely identified.
[54]
Machi et al , in a multicenter study that included
1352 patients, reported a feasibility rate for LUS of
98%, even with 20.90% of cases presenting with
inflammatory disease. In their report, LUS proved to
be remarkably valuable, given that mapping of the
biliary tract avoided conversion in 5.9% of patients with
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LUS and biliary duct injury

BDI is a dreaded complication during cholecystectomy.
[3]
The incidence of BDI during LC remains at 0.3%-0.6% ,
with a trend suggesting its diminution as surgical
[4]
experience and expertise is acquired . BDI combined
with vascular injury is observed in 12% of patients,
[56]
which may negatively impact treatment and recovery .
BDIs are best prevented by fine dissection using
different techniques as recommended for simple vs
[57,58]
more complex LC cases
. Described by Strasberg
[28]
et al
in 1995, the critical view of safety (CVS), a
systematic dissection that skeletonizes the Calot’s
triangle and delineates the relationship of anatomic
structures, has been suggested to play a protective
[59-61]
role against BD1
. A drop in BDIs following the
implementation of CVS as a dissection principle
[62]
during LC was documented by Yamashita et al
in
a Japanese report. Despite this evidence, CVS still
appears to be underutilized by surgeons in current
[36]
practice , and may even be insufficient in terms of
minimizing CBDI. Further, major CBDIs continue to
occur, even for surgical teams that have adopted CVS
as a standard dissection technique as reported by de
[63]
Reuver et al .
[18]
In 1996, Birth et al reported a 100% recognition
rate of BDIs using LUS in an experimental animal
study without blinding (i.e., surgeons knew that BDIs
were present). These data may therefore be biased
and should be interpreted with caution.
Data for LUS and the prevention or detection
of BDIs are sparse. Across the studies reviewed
(Table 1), no BDIs were reported with only 2 studies
emphasizing the importance of combining CVS
[12,47]
and LUS
. However, delineation of the CBD, the
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2001
2002
2003
2007
2007
2008
2009
2009
2009
2010
2011
2013

Year

367
380
135
200
236
299
269
103
1352
200
50
44

No. of
Patients

98%
96%
100%

92%
90%
97.7%
96.5%
95.3%
100%
99%

100%

95.7%

100%1

Complete Intrahepatic
observation
BD

88.6%-97.1%2

Bifurcation

98.9

92%

CHD

CD-CBD
junction
94%

Intrapancreatic BD

100%

98.9%
94%3
98%
98%

73.8%

98.5%
88.6%-99.4%2 91.4%-100%2 88.6%-98.3%2

99%
95%

CBD

89.3%-100%2

Vascular
visualization

40%

14%

8%

16%4

6.40%

Biliary Foreshortened cystic Abnormal cystic Aberrant vascular
anomalies
duct (< 1 cm)
duct anatomy
anatomy

5444

[64,65]

[20]

The presence or absence of CBDS can be predicted to some extent using preoperative criteria, but these fail to reach 100% accuracy
. Catheline et al , in a
retrospective trial published in 1999, reported a perioperative CBDS detection rate of 9%. In this group of patients, 30% manifested no preoperative risk factors.
[24]
Olsen et al , in a prospective non randomized study, recorded 12% of patients as having CBDS, even after preoperative clearance by endoscopic retrograde
cholangiopancreatography (ERCP). Thanks to LUS, CBDS can be identified early during the procedure, which gives the operating room personnel time to set up the
required CBDS exploration equipment.
[66]
The sensitivity and specificity provided by LUS in detecting CBDS is very good (Table 5). In 2003, Tranter et al , in a prospective non randomized study, reported
specificity and sensitivity rates of 96% and 100%, respectively, compared to sensitivity and specificity rates of 86% and 99% in IOC. In another prospective non
[49]
randomized study, Li et al also observed higher sensitivity rates for LUS vs IOC (82.1% vs 75%), and an equal specificity rate of 98.7%.
[38]
A meta-analysis of the literature performed by Jamal et al confirmed a sensitivity and sensitivity rate for LUS that was superior to IOC (0.90 and 0.99 for LUS vs 0.87
[37]
and 0.98 for IOC, respectively), with heterogeneity found to be insignificant. In agreement with this observation, Aziz et al , in another meta-analysis, suggested that
LUS is very accurate in detecting CBDS (pooled sensitivity of 0.87, and specificity of 1.00) vs IOC (pooled sensitivity of 0.87, and specificity of 0.99).
[13,66-68]
[68]
The measurement of CBD diameter was performed and reported in several studies
. In 2001, Tranter et al observed that when dealing with a thin CBD (<
[66]
5 mm) there should be no concern regarding CBDS. In these circumstances, LUS could be an excellent negative predictor. Two years later, the same author reported
that for CBDs of between 6-10 mm in diameter, there was a large overlap between ducts with or without stones; 85% of ducts > 10 mm in width contained stones.
Considering sludge, defined as small areas (< 1 mm) of mobile echogenic material without acoustic shadowing, their clinical significance remains debatable, with
[69,70]
[71]
[13]
some studies suggesting that sludge is related with acute pancreatitis
or cholangitis . LUS appears to be more accurate in these diagnoses than IOC. Halpin et al , in

LUS and common bile duct stones

possibility to repeat LUS during the procedure either before or after dissection, and the ability of LUS to detect aberrant vascular anatomy may collectively play a role
[12]
in preventing bile duct and vascular injuries. As an example, using LUS, Hublet et al identified a stenosing clip placed too close to the junction between the CBD and
CD, in a patient with a normal IOC. This underlines the fact that CBDI can still occur after IOC. Thanks to LUS performed at the very end of the operation, a diagnosis of
CBD stenosis was made with subsequent repair, avoiding potential major postoperative complications.

[47]

Not influenced by inflammation; 2Influenced by inflammation; 3Junction not identified when CBD < 5 mm; 4Accessory RHA (right hepatic artery) 8%, replaced RHA 6%, anterior cystic artery 2%. CHD: common hepatic duct;
CBD: common bile duct.

1

Tranter
Halpin
Tranter
Machi
Perry
Hakamada
Hublet
Li
Machi
Hashimoto
Pfluke
Gwinn

Author

Table 3 Identification of biliary anatomy and variations
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Table 4 Reports of laparoscopic ultrasound used during acute or chronic cholecystitis
Author

Year

No. of patients

Inflammatory disease %

Biffl
Catheline
Onders
Machi
Perry
Hakamada
Machi
Pfluke
Gwinn

2001
2002
2005
2007
2007
2008
2009
2011
2013

248
900
105
200
236
299
1352
50
44

37.5
28.2
6.3
28.5
5.5
66.3
20.9
66.0
100.0

Comments

LUS considered extremely valuable in 5.5%
13.4% with severe inflammatory disease during 2nd period of study
LUS considered extremely valuable in 5.9%

LUS: laparoscopic ultrasound.

Table 5 Common bile duct stones identification
Author
Tranter
Biffl
Halpin
Catheline
Tranter
Onders
Perry
Machi
Hakamada
Machi
Hublet
Li
Pfluke
Nasu
Shaaban

Year

No. of patients

2001
2001
2002
2002
2003
2005
2007
2007
2008
2009
2009
2009
2011
2012
2014

367
248
380
900
135
105
236
200
299
1352
269
103
50
71
70

Sensitivity %
92
100
97.5
80
96
100
92.3
95
76
98.6
100
82.1
100
100
92.3

Specificity %
100
96.23
100
99
100
100
100
100
99
99.58
99.6
98.7
100
96.2
98.2

Criteria to evaluate CBS LUS accuracy
IOC

ERCP/surgical exploration

Follow-up

Selective
ni
Selective
Systematic
Systematic
Selective
Selective
Selective
Selective

+

+

+

+

+
+
+

+

1

+

Selective
Selective
Selective
Selective
No

+

+
+

+

+

1

Selective or systematic, according to center. ni: No information; LUS: laparoscopic ultrasound; IOC: intraoperative cholangiography; ERCP: endoscopic
retrograde cholangiopancreatography.

[73,49]

a prospective non randomized study, detected 14% of
patients with sludge in the LUS group, but no diagnoses
were made for the IOC group. This allowed the surgeon
to proceed to a non-invasive treatment, such as saline
flush via the cystic duct combined with glucagon
injection. On the other hand, Halpin’s experience
was that 62% of patients with sludge underwent no
treatment, with no adverse events. Other authors
also adopted a “wait and see” approach to sludge with
[51]
good results . The high detection rate of LUS agrees
with reports observing a high accuracy of detection of
[72]
microlithiasis by echoendoscopic examination .
In IOC, a higher number of false positive ex
[73]
aminations may be due to micro-bubbles
or Oddi’s
contractions. These drawbacks are not applicable
to LUS. In LUS, only exceptional false positive ex
aminations have been reported due to confusing
[54]
pancreatic head micro-calcifications with CBDS .
To conclude, this literature review suggests that
LUS is, at the very least, equivalent to IOC in terms of
detecting choledocholithiasis, and may be more specific,
leading to fewer negative explorations. It is important
to note that LUS and IOC may be complementary, as
combining the 2 techniques maximizes the intraoperative
detection of CBDS, with a sensitivity rate of 95% and a

WJG|www.wjgnet.com

specificity rate of 98%

.

LUS and incidental findings

LUS has the benefit of substituting for the lack of
tactile palpation during LC, and allows scanning of
other organs such that additional underlying pathology
can be identified. Liver abscesses or tumors, suspicious
lesions in the gallbladder wall, or diverticulum of the
[25]
common bile duct can be detected . In 1995, in a
[19]
prospective non randomized study, Stiegmann et al
reported the LUS identification of a large hilar lymph
node, from which a frozen section was used to
diagnose gallbladder carcinoma.
In the series published after 2000 (Table 6), Hublet
[12]
et al , in a prospective non randomized study,
reported the diagnosis of one case with hemobilia
(which could have been interpreted as a filling defect
in IOC imaging), 1 pancreatic pseudocyst, 1 case of
IPMN, 1 pancreas divisum, and 1 patient with microcalcifications of the head of the pancreas. Other authors
[74]
report the identification of gallbladder polyps ,
[50]
Mirizzi syndrome , lobar atrophy/hypertrophy, or
[54]
rotational anomalies of the liver . In a prospective
[51]
non randomized study published in 2007, Machi et al
diagnosed cystic or solid tumors of the liver or

5445
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Table 6 Incidental findings
Author

Year

No. of patients
examined using LUS

Incidental findings

Machi

2007

200

Perry
Hakamada
Hublet

2007
2008
2009

236
299
269

Machi
Gwinn
Kothari

2009
2013
2013

1352
44
253

Cystic or solid tumors of the liver or pancreas in 31 patients; 14 biopsies and aspirations, 6
radiofrequency ablations
Atrophic/hypertrophic or rotational anomalies or the liver, Mirizzi syndrome, vascular anomalies
Polyps
1 hemobilia, 1 pancreatic pseudocyst, 1 IPMT, 1 pancreas divisum, 1 micro-calcification of the
pancreatic head, 1 liver abscess, 1 liver tumor
Atrophic/hypertrophic or rotational anomalies or the liver, Mirizzi syndrome, vascular anomalies
2 hepatic rotation anomalies
Polyps. Improved visualization of gallbladder walls in obese patient compared to trans-abdominal
US

LUS: laparoscopic ultrasound.

pancreas during systematic examination via LUS. Thus,
LUS permitted the surgeon to proceed to biopsy or
aspiration, and even radiofrequency ablation of tumors
in 6 cases. Even if it remains unclear as to whether
these tumors were incidental perioperative findings, or
were diagnosed during the preoperative workup, LUS
permitted localization of the disease, biopsy, and even
treatment.

Speed of the process

duct, and hilar vascular structures, is crucial for safely
completing the operation. While careful dissection
avoids injury, this may be difficult to achieve in the
presence of fibrosis or extensive inflammation, or
when there is an aberrant biliary anatomy (and/or a
very short cystic duct).
The debate is ongoing as to whether an analysis of
the hilar anatomy during cholecystectomy may help
to prevent injury and postoperative complications.
Many surgeons perform no analyses given that the
proposed “gold standard” technique (IOC) has its own
drawbacks including irradiation of the patient and
the surgical team, dissection of the Calot’s triangle to
identify the cystic duct, and cannulation of the cystic
duct which may cause avulsion or perforation. IOC is
also considered to be expensive and time-consuming.
On the other hand, LUS, which has a long history
of use (> 30 years), allows a quick, repeatable, highly
successful, non-irradiating, and non-invasive study of
the biliary tract. In difficult scenarios, when anatomical
structures are obscured, such as during inflammation
or fibrosis, LUS can be pivotal to the success of the
procedure, and is easily performed before the dissection
in order to guide the surgeon. With the added
advantage of re-use on demand during the operation
as it is neither time-consuming nor expensive. Indeed,
LUS provides an excellent analysis of the CBD, even if it
would appear to be less accurate than IOC in the study
of the intra-pancreatic segment of the bile duct.
Considering aberrant biliary anatomy, such as
a cystic duct originating from the right posterior
sector, very few authors provide detailed anatomical
descriptions. More results for the precise anatomical
evaluation, segment by segment, are warranted.
Nevertheless, it seems that, in experienced hands,
LUS can provide a precisely mapped biliary duct. When
analyzing the cystic-common bile duct junction, a short
cystic duct, or even Mirizzi’s syndrome, LUS might be
effective in clarifying the anatomy and even preventing
conversion.
While no precise data concerning the prevention of
BDIs were reported, the ability to delineate anatomy
may have a protective role as no BDIs were described

[38,48,73,75]

LUS can be completed more rapidly than IOC
.
[73]
Catheline et al , in a prospective non randomized
study, reports a LUS duration of 9.8 min vs 17.6 min
for IOC. Further, in order to perform IOC, a radiological
device, together with a technician capable of operating
the device are needed. While surgical experience in using
LUS seemed to significantly influence the operating time
[48]
[13]
for cholecystolithiasis , Halpin et al
observed no
differences when dealing with acute cholecystitis.

Learning curve

The number of LUS examinations performed as part of
[13,48,67]
the learning curve varied in reports
, with a broad
agreement that the learning curve was greater than
for IOC. What seems to be evident from the literature
review is that surgeons that take the time and effort
to perform LUS, not only become very efficient and
accurate in their diagnoses, but also modify their
practice. These surgeons use IOC more selectively and
[12,50]
rarely
. Given that the accuracy of LUS improves
with the expertise of the operator, standardization of
the examination is essential.

Costs

[76]

In 2016, Sun et al
evaluated the cost effectiveness
of LUS, IOC for the investigation of silent CBDS during
LC. The authors concluded that LUS is a more costeffective strategy than IOC.

DISCUSSION
During laparoscopic cholecystectomy, mapping of the
dissection targets such as the common bile duct, cystic
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cholecystectomy from the year 2000 were reviewed by the authors with a view
to the performance of anatomical mapping, even with background inflammation.

in the reviewed series, even when patients with acute
or chronic inflammatory disease were included.
The ability of LUS to detect CBDS and sludge is
at least as good, if not better than IOC, and provides
fewer false positive examinations. Moreover, LUS
contributes to a complete examination of the adjacent
organs, which allows for diagnoses of incidental pathology.
Finally, the use of LUS is not exclusive. IOC can be
of importance in many situations. Consequently, any
surgeon should be able to use both techniques, which
are complementary in detecting common bile duct
stones. Further, the advantages of LUS have led to the
authors using this technique as a first line procedure.
A limitation of this review is that it is based on a
relatively small number of non-randomized trials, with
a limited number of patients, with heterogeneous, non
standardized criteria in terms of anatomical analysis.
Unfortunately, no specific data could be found for
the hazardous situation of fibrosis, which is instead
necessarily included in a broader “difficult” category.
To conclude, a large panel of techniques has been
described that clarify anatomy during laparoscopic
cholecystectomy. However, of these techniques, LUS
would appear to be the most suitable as it provides the
greatest number of advantages and can be used during
other types of operation. LUS is also, probably, the
most cost-effective, which is an essential quality in an
era of financial constraints. The principal hurdle for the
adoption of LUS as a standard imaging technique of the
CBD during LC appears to be the reticence of surgeons,
probably because of its supposed lengthy learning
curve. However, as ultrasound and laparoscopy become
standard techniques in modern surgery, most surgical
trainees and junior surgeons will be exposed to them,
and will be more inclined to include them in their skill
set. In this fashion, we envisage that the reluctance
to use LUS will become obsolete. Moreover, surgeons
should consider that implementation of LUS during LC
could serve as a valuable exercise to gain familiarity
with a technique that should prove useful for multiple
operations.

Applications

This review confirmed the clinical benefits of LUS during cholecystectomy,
especially in difficult situations. Compared to IOC, LUS remains under-used.
Greater uptake of this technique by young surgeons, backed by large-scale
studies to confirm its clinical impact, should help to eliminate the discrepancy
between use and value.

Peer-review

In this review the authors present a critical analysis of the literature, from the
year 2000, for the use of LUS during cholecystectomy and its performance in
mapping the anatomy of the bile duct, detecting common bile duct stones, and
preventing bile duct injury. A particular emphasis has been placed on complex
inflammatory situations.
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Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
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Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

Indiad
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
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Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot

IV

Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
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Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
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Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona

VII

Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala
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Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari

WJG|www.wjgnet.com

United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
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EDITORIAL

Wilson’s disease: Prospective developments towards new
therapies
Giusy Ranucci, Roman Polishchuck, Raffaele Iorio
disorder of copper metabolism, caused by mutations
in the ATP7B gene. A clear demand for novel WD
treatment strategies has emerged. Although therapies
using zinc salts and copper chelators can effectively cure
WD, these drugs exhibit limitations in a substantial pool
of WD patients who develop intolerance and/or severe
side effects. Several lines of research have indicated
intriguing potential for novel strategies and targets
for development of new therapies. Here, we review
these new approaches, which comprise correction of
ATP7B mutants and discovery of new compounds that
circumvent ATP7B -deficiency, as well as cell and gene
therapies. We also discuss whether and when these
new therapeutic strategies will be translated into clinical
use, according to the key requirements for clinical trials
that remain to be met. Finally, we discuss the hope for
the current rapidly developing research on molecular
mechanisms underlying WD pathogenesis and for the
related potential therapeutic targets to provide a solid
foundation for the next generation of WD therapies that
may lead to an effective, tolerable and safe cure.
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Core tip: Hepatocytes derived from human-induced
pluripotent stem cells hold great promise for the drug
discovery process, especially for Wilson’s disease (WD).
Therapeutic approaches offering correction of the
ATP7B mutant function and/or less toxic suppression
of copper accumulation are promising and could be
available shortly. In particular, protein quality control
components and their regulatory networks represent
attractive new targets for WD-causing mutant correc
tion. Cell and gene therapies, however, will require
more studies before they can be considered for clinical
trials. A key goal for WD advancement is international
cooperation of specialized centers to overcome limited
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Abstract
Wilson’s disease (WD) is an autosomal recessive
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[9]

disappearing over time . Unfortunately, LT does not
represent a general therapeutic strategy, given the
high rate of complications and the need for long-life
[9]
immunosuppressive therapy . Thus, there remains
a clear need for novel treatment strategies aimed at
curing WD through correction of the cellular defect.
During the last few years, the perspective on
alternative WD therapeutic strategies has been
completely revolutionized, as summarized in this
review. And, the field of WD translational research
and clinical management is currently experiencing
an unexpected burst that hopefully will lead to an
expanded range of therapies available to patients.

availability of patients for study.
Ranucci G, Polishchuck R, Iorio R. Wilson’s disease: Prospective
developments towards new therapies. World J Gastroenterol
2017; 23(30): 5451-5456 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i30/5451.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i30.5451

INTRODUCTION
Wilson’s disease (WD) is an autosomal recessive
disorder of copper (Cu) metabolism, caused by
mutations in the ATP7B gene, which encodes Cutranslocating ATPase expressed primarily in the
[1]
liver . ATP7B resides in the trans-Golgi membrane
compartment and loads Cu onto newly synthetized
apoceruloplasmin. In the case of Cu overload, ATP7B
traffics to the canalicular membrane of hepatocytes
and the associated cytoplasmic vesicular compartment,
where it removes excess Cu through the bile. There
fore, all mutations that affect synthesis of ATP7B,
its stability, correct localization in the trans-Golgi
region and capacity of trafficking in the condition of
intracellular Cu excess, determine toxic accumulation
of Cu in hepatocytes, thereby leading to cell damage
and subsequent release of Cu into the blood and
[2]
ultimately affecting other organs .
The main clinical presentations of WD are liver and
neuropsychiatric diseases. Existing therapies comprise
treatment with either zinc salts or Cu chelators.
While these drugs allow for sufficient control of the
symptoms, they do not cure the disease. Additionally,
chelators induce multiple severe toxicities, requiring
discontinuation in approximately 30% of patients;
these include hypersensitivity reactions, significant
bone marrow suppression, degenerative changes in
[3]
skin, nephrotoxicity and autoimmune disease . Zinc
therapy seems to fail in large cohorts of adult patients
with liver disease when applied for very long periods,
and its use in symptomatic Wilson’s patients with
[4,5]
liver disease remains controversial . Generally, the
psychiatric symptoms of WD are poorly controlled
[6]
by available drugs . Furthermore, an Italian study
showed that, more than 36% of Italian pediatric
WD patients responder to the available drugs, did
[7]
not exhibit normalization of liver enzymes . Finally,
among adults with WD there are substantial rates of
non-adherence to medication regimens (30%-50%),
corresponding to both a high index of patients who suffer
liver failure and who develop potentially irreversible
[8]
neurologic or psychiatric symptoms .
Liver transplantation (LT) is a treatment option
for the most severe (life-threatening) cases of WD.
LT is a curative therapy, with biliary Cu excretion
being restored, neurologic and psychiatric disease
stabilizing or improving, and Kayser-Fleischer rings
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DISEASE MODELING
The four animal models of WD - the Long-Evans
Cinnamon (LEC) rat, the inbred mouse models (toxic
milk, the Jackson Laboratory toxic milk) and the Atp7B
-/knockout (Atp7b ) mouse - lose ATP7B function
[2]
and manifest liver disease due to Cu accumulation .
-/Surprisingly, Atp7b mice does not exhibit suscep
tibility to neurological disease and LEC rats and
toxic milk mouse develop only a mild neurologic
involvement. Yet, no mice models carrying the most
frequent missense mutations of ATP7B (H1069Q or
R778L) are available. On the other hand, the metabolic
pathways of rodents are frequently vastly different
from those of man, and this is the pivotal reason that
efforts persist to develop a platform of human cells.
Hepatocytes obtained via liver biopsy cannot be
considered as a good model system for WD studies.
Indeed, it is extremely difficult to keep human hepato
cytes from biopsies in culture, as they do not proliferate
and rapidly undergo apoptosis. In addition, these cells
are generally already damaged at the moment of liver
biopsy execution.
The recent development of stem cell-derived
hepatocyte-like cells (HLCs) has circumvented this
problem and opens new avenues for gene- and/or drugbased therapy to treat liver diseases. This new “in vitro
model” better mimics patient cell biology. HLCs can be
fairly easily derived from induced pluripotent stem cells
(iPSCs) that are generated through the reprogramming
[10]
of human fibroblasts . In this context, it would be
particularly helpful to obtain HLCs from WD patients.
Some steps have already been taken in this direction,
with HLCs derived from patients with missense ATP7B
[11]
mutation having been developed .
iPSCs harbor the same unique characteristics of
embryonic stem cells, i.e., they can be indefinitely
expanded in vitro and differentiated in all cells types
derived from the three germ layers. Thus, iPSC
technology features the potential benefits of embryonic
stem cells while addressing their major ethical and
scientific concerns: embryo destruction and immuneincompatibility. In this manner, human iPSCs repre
sent an unlimited source of human hepatocytes for
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translational research and hold great promise for drug
screening and liver disease modeling in particular. In
addition to their HLC differentiation capacity, iPSCs
can differentiate into neurons, providing a serious
advantage in studying whether and how certain ATP7B
mutations contribute to neurologic dysfunction in WD
patients.

largely unknown.
On the other hand, a recent analysis of global
gene expression in hepatic HepG2 cell lines expressing
either wild type ATP7B or ATP7B-H1069Q mutant
revealed that suppression of p38 and JNK reduces
retention of H1069Q and a few other ATP7B mutants
in the ER, inhibits their degradation, and facilitates Cu
[18]
excretion from mutant-expressing cells . Therefore,
p38 and JNK have become attractive targets for
exploring approaches to mutant correction. Indeed, it
[19]
has been recently reported that p38 and JNK control
a cluster of ER quality control genes that promote
ATP7B-H1069Q degradation. This cluster comprises a
well-known chaperone, heat shock protein 70 (HSP70),
whose silencing protects the ATP7B mutant from
degradation and facilitates its export from the ER to
the Golgi complex where ATP7B normally works.
The recognition of HSP70 and its upstream re
gulators p38 and JNK as attractive new targets for
ATP7B mutant correction has also elucidated their
potential for normalization of Cu homeostasis in WD.
Considering the importance of these proteins for
several critical processes of the normal physiologic
state, such as protein quality control, stress response,
signal transduction and apoptosis, safe (conditionspecific) inhibitors of HSP70, p38 and JNK must be
identified in the context of preexisting drug-approved
libraries to avoid significant impact on overall cell/
organism health. Nonetheless, these new modulators
represent a great opportunity for repurposing safe
drugs for WD treatment.

CORRECTION OF DYSFUNCTIONAL
ATP7B
Alternative therapeutic approaches offering correction
of ATP7B mutant function and/or less toxic suppression
of Cu import have been investigated in recent years.
It is worth noting that most of the ATP7B mutations
belong to the missense (58%) or small deletion/
insertion (27%) categories, thereby resulting in
aberrant protein products that frequently exhibit
residual Cu-transporting activity but which undergo
strong degradation due to misfolding and retention
[12]
within the endoplasmic reticulum (ER) . This is the
case for the most frequent ATP7B mutants, H1069Q
(in 50%-60% of European and North American WD
patients) and R778L (in 40% of East Asian patients).
Thus, manipulating their translocation from the ER
to ensure correct localization in the cell would be
beneficial for a sizable portion of WD patients.
Correction strategy has been widely explored
for the most frequent mutant in cystic fibrosis, the
ΔF508 mutation of the cystic fibrosis transmembrane
[13]
conductance regulator (CFTR) . Like the ATP7B
mutant, ΔF508-CFTR exhibits residual ion-transporting
activity but undergoes strong retention and degradation
in the ER. Considering these similarities, several labs
have tested the potential of ΔF508-CFTR correctors,
such as curcumin and 4-phenylbutyrate, for ATP7B
mutant rescue. Both correctors were demonstrated
as capable of reducing degradation of ATP7B mutants
[14]
expressed in HEK293 cells ; however, curcumin
failed to do so in HLCs expressing the R778L variant
[11]
of ATP7B . It remains unclear to what extent these
drugs rescue localization and function of ATP7B
[14]
mutant . Curcumin has been reported to correct
localization of ATP7B-R778L and to facilitate Cu efflux
from patient-derived HLCs. However, in phase 1 clinical
trials for CFTR correction, dietary curcumin was found
to have very poor bioavailability and very low serum
[15]
concentration . Thus, the efficacy of this corrector for
WD treatment remains questionable.
In order to identify new drugs and targets for
ATP7B mutant correction, it will be important to first
identify the quality control mechanisms that drive ER
retention and degradation of the mutants. A few proteins
(i.e., COMMD1, clusterin) and peptides (i.e., alphacrystallin B peptides) control ATP7B mutants retention
[16,17]
in the ER and/or their degradation
. However, these
molecules do not belong to the “druggable” category and
their potential for creation of drugs to cure WD remains
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NEW COMPOUNDS WITH THERAPEUTIC
POTENTIAL
The current pharmacological treatments have largely
failed in rescue of Cu homeostasis in WD patients
with acute liver failure, leaving LT as the only viable
option for treatment. A recent study using the LEC rat
model of WD offered an extra option for such patients
called methanobactin (MB), a peptide produced by
Methylosinus trichosporium with an extremely high
[20]
affinity for Cu . Short-term MB treatment efficiently
reversed acute liver damage due to Cu accumulation.
This beneficial effect was associated with disposal of
intracellular Cu, in particular from the mitochondria.
Interestingly, the regular Cu chelators penicillamine
and tetrathiomolybdate failed to clean toxic metal
from the mitochondrial stores. As a consequence,
MB treatment prevented hepatocyte death and the
subsequent liver failure, elongating the life span of the
LEC rat. Therefore this peptide seems to be a potential
therapeutic agent for acute WD.
Findings from another recent study have suggested
that liver X receptor (LXR)/retinoid X receptor agonist
[21]
may be used to combat Cu toxicity in WD . This
approach does not require Cu chelation. Careful investi
gation of the transcriptional and metabolic changes in
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samples from WD patients and Atp7b mice revealed
dysregulation of LXR as one of the key events in
the pathogenesis of WD. Treatment with the LXR
agonist T0901317 improved disease manifestations
-/in the Atp7b mice despite substantial Cu overload.
Moreover, liver fibrosis and inflammation significantly
decreased in LXR agonist-treated animals, while lipid
profiles normalized and liver function and histology
improved. Thus, the potential of T0901317 for WD
cure is likely to be further explored.

GENE THERAPY
Gene therapy aims to correct the defect in native
hepatocytes by providing healthy copies of ATP7B
via introduction of a transgene by vectors capable of
indefinitely integrating and/or persisting in cells. The
proof-of-principle for gene therapy in WD came from
adenoviral and lentiviral vector expression of ATP7B in
the liver of rodent models, which achieved transient
correction of Cu excretion and incorporation of Cu into
[26]
ceruloplasmin .
Recently, these initial observations were confirmed
with an adeno-associated vector serotype 8 (AAV8)
encoding the human ATP7B cDNA placed under control
of the liver-specific α1-antitrypsin promoter (AAV8AAT-ATP7B). Expression of AAV8-AAT-ATP7B in ATP7Bdeficient mice resulted in reductions of liver enzymes
[27]
and recovery of physiological biliary Cu excretion .
This study showed a solid background for future
translational studies. AAV-mediated gene therapy
should allow ATP7B to be permanently expressed
in WD patient liver and, hence, would eliminate a
need for lifelong intake of Cu-reducing drugs. On the
other hand, such risks as immune response, tumor
[28]
biogenesis and poor integration into damaged cells
have to be weighted before AAV-mediated gene
transfer therapy and will be a critical component of
the repertoire of WD treatments. Furthermore, studies
investigating the fate of genetically modified native
[22]
cells within the liver in WD are still required .

CELL THERAPY
Cell therapy, as well as gene therapy, targets the liver,
which does not express functional ATP7B protein,
[22]
aiming to restore hepatobiliary Cu excretion . Cell
therapy in WD seems feasible because transplanted
hepatocytes can integrate in liver parenchyma and
restore deficient functions, including the transport of
Cu into bile. Animal WD models, especially the LEC
rat, has facilitated cell transplantation research in
[22]
WD . It was through this animal model that it was
found necessary to repopulate less than half of the
liver with healthy hepatocytes in order to achieve
sufficient Cu removal and therapeutic efficacy. However,
in that study, not every animal subjected to cell therapy
[22]
showed equivalent benefits .
Extrahepatic cell therapy using engineering app
lications (i.e., transplantation of liver tissue into
small intestine or the abdominal cavity) is currently
considered insufficient because Cu removal requires
an intact bile excretion system. Thus, in the case
of either cell or gene therapy in WD, liver is the
first target considering the physiological restriction
of ATP7B expression to hepatocytes as well as the
availability of mechanisms to elminate Cu from the
[23]
body . Fortunately, transplantation studies using donor
cells have confirmed the ability for biliary excretion,
providing the first clue that biliary Cu transport is a
[24]
feasible target for cell therapy in WD .
IPSC-derived HLCs can repopulate the liver but
they support only some hepatocyte functions, which
[10]
are restricted to fetal-like stages . Therefore,
transplanted cells can proliferate in the presence
of native cells, having a low rate of proliferation.
This happens when native liver cells have extensive
DNA damage (as induced by toxins, ischemia and/
or hepatectomy). Obviously these preconditioning
regimens are undesirable in the setting of existing
liver injury in WD. The ability of transplanted HLCs to
express ATP7B was evaluated in liver of LEC mice, in
which the transplanted cells did not increase in number
[25]
over an observational period of several months .
Therefore, liver repopulation over a very long period
implies that therapeutic correction in WD will require
[22]
significant time .
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TRANSLATING NEW THERAPIES TO
PATIENT BEDSIDE
To establish whether and when these new therapies
will be appropriate for clinical trials, a number of
key requirements must be met. First, the particular
reference population must be identified for treatment.
It is likely that potential candidates for this population
will include asymptomatic or presymptomatic WD
patients with an early disease, people with liver
failure or severe neurologic deterioration who could
benefit from rapid removal of Cu, and those with
[22]
severe adverse reaction to preexisting therapy .
Considering the potential latency of some treatments
before they become effective and the severe risks
linked to suspension of preexisting treatment in WD
patients, it seems possible to consider the combination
of existing drugs and new therapies to mobilize Cu
for early clinical trials. Moreover, it will be important
to define appropriate tests and effective endpoints
that, in addition to clinical parameters, may be useful
for demonstrating therapeutic efficacy, considering
that drug monitoring necessitates use of noninvasive
assays and biomarkers. In this context, the discovery
of new biomarkers in WD will be of great significance
to enable new effective treatment.
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CONCLUSION

12

Emerging strategies for cure of WD foster new
challenges that should be addressed by “precision”
medicine, which takes in account the best available
knowledge about disease mechanisms to establish
approaches that yield an effective cure rate. Some
compounds (tested in WD cell or animal models)
seem to be close to translation into safe drugs and/or
personalized treatments for WD patients. Advancing
a WD cure will require an international cooperation to
overcome the limited availability of affected patients
who can be enrolled into clinical trials for development
of new therapies. We hope that joint efforts between
academia, industry, government and patient advocacy
groups will allow for rapid progress and bring WD
patient welfare to the forefront.
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EDITORIAL

Are our endoscopy patients at risk for pyogenic liver
abscess?
Herwig Cerwenka, Peter Schemmer
potential clinical implications of this study. Issues of
the mucosal barrier, the microbial flora, administration
of antibiotics and underlying diseases are discussed.
The probability of PLAs after endoscopies is not exactly
known and the length of the “incubation period”
remains unclear, but a possible causality should already
suffice to make us think how to avoid them. Especially
in patients with risk factors such as diabetes mellitus,
end-stage renal disease, liver cirrhosis, biliary tract
infection, and malignancies, the potential risk for PLAs
should be considered. Unnecessary insufflation during
endoscopy (causing mucosal stretching and microscopic
tears) as well as mucosal damage (by direct abrasion
with the scope) should be avoided in order to limit the
invasiveness of the procedure as much as possible.
And, in everyday routine, it should be kept in mind
that in patients after endoscopy, especially in those
with a breach of the mucosal barrier and significant
comorbidities, PLAs can potentially develop and require
timely administration of antibiotics as well as further
diagnostic and therapeutic steps.
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Core tip: An increased rate of pyogenic liver abscesses
after upper gastrointestinal endoscopy has been
reported in a recent publication, leaving clinicians in
some kind of predicament. Are we really exposing our
endoscopy patients to a considerable danger? In an
invited editorial comment on this study, the background,
limitations and potential clinical implications of the
findings are discussed.

Abstract
This is an editorial comment on a recent publication
reporting an increased rate of pyogenic liver abscesses
(PLAs) after upper gastrointestinal panendoscopy. Its
aim is to critically highlight the findings, limitations and

WJG|www.wjgnet.com

Cerwenka H, Schemmer P. Are our endoscopy patients at
risk for pyogenic liver abscess? World J Gastroenterol 2017;
23(30): 5457-5459 Available from: URL: http://www.wjgnet.

5457

August 14, 2017|Volume 23|Issue 30|

Cerwenka H et al. Pyogenic liver abscess
in those with interventional endoscopic procedures
associated with a more severe mucosal damage. As
for the colonoscopies, the authors argue that the
colon is further away from the portal venous and
lymphatic circulations to the liver than the esophagus,
stomach, and duodenum, and that it has a potent
[1]
mesenteric lymphatic defense system . Nevertheless,
it is well known, that underlying pathologies in the
whole gastrointestinal tract can be found in patients
[8,9]
with manifest cryptogenic PLAs . In terms of the
interventional procedures, a possible explanation given,
but not proven, by the authors is that more patients in
[1]
these groups may have had antimicrobial treatment .

com/1007-9327/full/v23/i30/5457.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i30.5457

INTRODUCTION
[1]

In the study published by Tsai et al on 2135 patients
with a first diagnosis of pyogenic liver abscess (PLA)
and 10675 patients without PLA selected as reference
controls, a higher rate of PLAs was found in those
who had recently undergone an upper gastrointestinal
panendoscopy. The authors concluded that clinical
physicians should not ignore this. In spite of some
limitations, especially related to the use of retrospective
registry data, this study leaves us in some kind of
predicament. Are we really exposing our endoscopy
patients to a considerable danger?

ANTIBIOTICS
In fact, the use of antibiotics is an essential point.
Although they are not given routinely as a prophylaxis
for endoscopy patients, some of the study patients
will have been on current antibiotic regimens for
various reasons. In general, PLAs respond well to
the administration of antibiotics and the microbial
spectrum of these abscesses is covered by many of
them. For a clearer picture on the pathogenesis of the
PLAs and of the role of antibiotics in this study, it would
also be necessary to know the results of microbial
cultures of the aspirates from the abscess cavities as
well as details on the use of antimicrobial substances.

MUCOSAL BARRIER
Theoretically, every endoscopy may cause a breach of
the mucosal barrier and post-endoscopy bacteremia
[2-4]
has indeed been reported . However, PLA is known
not to develop very easily and to affect predominantly
patients with comorbidities and a weakened immune
[5,6]
system . In addition to the patient’s condition, the
extent of mucosal damage could also play a role.
Are microscopic leaks relevant in immunocompetent
[1]
persons? The study by Tsai et al does not comprise
the diagnoses made at the endoscopies. It would be
important to know how many patients had pathologies
leading to an obvious disruption of the continuity of
the mucosal barrier like ulcers or erosive inflammation.
Another point of easy entrance for bacteria causing
PLA (in this case via the biliary route) would be the
papilla of Vater after endoscopic papillotomy. Patients
with recent ERCP were excluded in this study, but the
authors provide no information on papillotomies made
longer ago.

COINCIDENCES
Another issue requiring clarification is if some of the
endoscopy patients already had concomitant incipient
PLAs not yet diagnosed at the time of the examination.
The presenting symptoms of PLAs may be vague and
indeed, unspecific pain associated with undiagnosed
PLA could even have been the motive for performing
the endoscopy. In one of the study patients, the PLA was
[1]
diagnosed as early as one day after the panendoscopy .
Here a coincidence seems most likely. The length of the
“incubation time” for PLA after panendoscopy remains
an unanswered question.

MICROBIAL FLORA
The mucosal surface of the gastrointestinal tract
is colonized by 400 different bacterial species and
[7]
subspecies . In general, pathogens are part of a
transient flora emerging under abnormal conditions,
but some autochthonous germs may also become
pathogenic under certain circumstances. The stomach,
the duodenum and the jejunum contain only low
numbers of microorganisms (103 to 104 bacteria/mL),
notably acid-tolerant lactobacilli and streptococci,
whereas the colon is the main site of microbial coloni
[7]
zation . It is, therefore, surprising, that, in this study,
the risk of developing PLAs was higher for patients
with upper gastrointestinal endoscopies than for
those with colonoscopies. Likewise, a higher and
not a lower rate of PLAs would have been expected

WJG|www.wjgnet.com

CONSEQUENCES
In conclusion, we do not exactly know the probability
of PLAs after endoscopies, but a possible causality
should already suffice to make us think how to avoid
them. What can be done? It will not be advisable to
renounce at endoscopies in patients requiring them for
therapeutic, diagnostic or prophylactic purposes nor
will it be reasonable to make these patients afraid. It
will also still be indicated to do endoscopies in order to
identify underlying diseases in patients with manifest
[10]
cryptogenic PLAs
without fearing to aggravate the
abscesses. However, especially in patients with risk
factors such as diabetes mellitus, end-stage renal
disease, liver cirrhosis, biliary tract infection, and
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malignancies, the potential risk for PLAs should be
considered. Strict disinfection processes are a matter
of course. Unnecessary insufflation during endoscopy
(causing mucosal stretching and microscopic tears)
as well as mucosal damage (by direct abrasion with
the scope) should be avoided in order to limit the
invasiveness of the procedure as much as possible.
And, in everyday routine, it should be kept in mind
that in patients after endoscopy, especially in those
with a breach of the mucosal barrier and significant
comorbidities, PLAs can potentially develop and require
timely administration of antibiotics as well as further
diagnostic and therapeutic steps.
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Abstract
Pancreatitis represents nearly 3% of acute admissions
to general surgery in United Kingdom hospitals and has
a mortality of around 1%-7% which increases to around
10%-18% in patients with severe pancreatitis. Patients
at greatest risk were those identified to have infected
pancreatic necrosis and/or organ failure. This review
seeks to highlight the potential vascular complications
associated with pancreatitis that despite being relatively
uncommon are associated with mortality in the region
of 34%-52%. We examine the current evidence base
to determine the most appropriate method by which
to image and treat pseudo-aneurysms that arise as the
result of acute and chronic inflammation of pancreas.
We identify how early recognition of the presence of
a pseudo-aneurysm can facilitate expedited care in an
expert centre of a complex pathology that may require
angiographic, percutaneous, endoscopic or surgical
intervention to prevent catastrophic haemorrhage.
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of acute pancreatitis (Table 2). Late phase pancreatic
inflammation is defined by the presence of ongoing
systemic symptoms of inflammation such as persistent
organ failure or local complications.
Local complications of pancreatitis often cause
patients to develop a late phase pancreatitis. Interstitial
oedematous pancreatitis with or without necrosis
may be complicated by the presence of pancreatic
and peri-pancreatic collections. The presence of such
collections can be broadly divided into five categories.
Acute peri-pancreatic fluid collections usually arise in
the acute phase of pancreatitis and are confined with
normal anatomical planes. They commonly remain
sterile however if they persist for greater than 4 wk
they commonly form into a pseudocyst. A pancreatic
pseudocyst is formed beyond 4 wk and demonstrates
a walled off fluid collection in the absence of necrosis.
The presence of necrosis can be categorised as
either an acute necrotic collection (ANC) or a walled
off necrosis (WON). Infected necrosis may occur in
either ANC or WON and will present with the presence
of gas within the collection on imaging or positive
microbiological samples taken directly from the area of
necrosis (Table 3). Acute and chronic inflammation as
a result of pancreatitis can cause both thrombotic and
haemorrhagic complications. The presence of a fluid
collection, necrosis and infection can directly contribute
to such vascular complications which are associated
with a significant morbidity and mortality.

may require angiographic, percutaneous, endoscopic
or surgical intervention to prevent catastrophic
haemorrhage.
Evans RPT, Mourad MM, Pall G, Fisher SG, Bramhall SR.
Pancreatitis: Preventing catastrophic haemorrhage. World J
Gastroenterol 2017; 23(30): 5460-5468 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i30/5460.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i30.5460

INTRODUCTION
Pancreatitis represents nearly 3% of acute admissions
[1]
to general surgery in United Kingdom hospitals .
Although this may seem like a relatively small pro
portion of patients the impact of the pancreatitic
patient has a significant influence on hospital services
due to the sizeable morbidity and mortality associated
with pancreatitis. The annual incidence of acute
pancreatitis ranges from 13 to 45 per 100000 persons
worldwide and is around 13-45 per 100000 people in
the United Kingdom which is increasing at a rate of
[2-6]
2.7% each year . The number of admissions due
to pancreatitis in the US has doubled since 1988.
There are now nearly 275000 admissions each year
[7,8]
due to pancreatitis . It is estimated that between
20%-30% of patients will have a further episode of
acute pancreatitis and 10% of patients will go on to
[9-12]
develop chronic pancreatitis
. The current incidence
rates of chronic pancreatitis are around 5-23 per
[5,13,14]
100000 people
. Pancreatitis has a mortality of
around 1%-7% which increases to around 10%-18%
[1-4,15]
in patients with severe pancreatitis
. Patients at
greatest risk were those identified to have infected
[16]
pancreatic necrosis and/or organ failure .
In order to appropriately manage patients with
pancreatitis multiple scoring systems have been
created to try to determine the severity of pancreatitis
and the risk of morbidity and mortality including
the Glasgow score, Ransom score, Balthazar score,
[17-19]
Apache 2 score, and the modified Marshall score
.
Many continue to be used routinely in clinical practice
to improve the treatment of patients with pancreatitis.
Understanding that certain patients with more severe
pancreatitis have a higher risk of morbidity and
mortality allows clinicians to maintain a high index of
suspicion in order to identify early the complications
of pancreatitis. The revised Atlanta guidelines identify
two key phases to acute pancreatitis. In early phase it
is associated with systemic disturbances as the result
[17]
of the host response to local pancreatic injury (Table
1). The cytokine cascade as the result of pancreatic
inflammation can be clinically manifested as a systemic
inflammatory response syndrome which in turn may
precipitate organ failure. The presence and duration of
organ failure is a key determinant in defining severity
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ARTERIAL COMPLICATIONS IN ACUTE
PANCREATITIS
Incidence, causes, and presentations

Vascular complications are relatively uncommon and
occur in between 1%-23% of patients with pancreatitis.
Venous complications are significantly more common
than arterial complications. Arterial complications occur
[20-28]
. Thrombosis of
in around 1.3%-10% of patients
the portal and splenic vein has been shown to occur
up to 23% and 22% of patients with pancreatitis
[23,29]
respectively
. Portal vein thrombosis increases to
30% in those with peri-pancreatic collection and as high
as 57% in patients with necrotising pancreatitis (Table
[29]
4) .
It is important to identify arterial complications early
and treat aggressively as they are associated with a
[26,28,30-35]
mortality of between 34%-52%
. Sixty percent
of all acute haemorrhage in the presence of pancreatitis
occurs as the result of ruptured pseudo-aneurysms in
the presence of necrotising pancreatitis. Haemorrhagic
pseudocysts without pseudoaneurysms and capillary,
venous or small vessel haemorrhage only account for
[22]
approximately 20% of cases .
Arterial complications often arise as the result
of arterial wall disruption in the presence of free
lipolytic and proteolytic enzymes. Severe pancreatic
inflammation and necrosis leads to the disruption
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Table 1 Early vs late pancreatitis
Early phase pancreatitis

Table 4 Different types and incidence of vascular complications
in pancreatitis
Late phase pancreatitis
Vascular complications of pancreatitis

Systemic disturbances result from the host Persistence of systemic signs
response to local pancreatic injury.
of inflammation.
Clinical manifestation with associated
Presence of local
SIRS response.
complications.
Usually lasts less than one week but may
Compensatory
extend into the second week.
inflammatory response
syndrome.
Severity determined by presence of organ
failure. Transient < 48 h. Persistent > 48 h.

Arterial complications
Ruptured pseudo-aneurysm
Haemorrhagic pseudocysts without
pseudoaneurysms
Capillary, venous or small vessel
haemorrhage
Venous complications
Portal vein thrombosis

Table 2 Defining pancreatic severity
Mild acute
pancreatitis
Moderately severe
acute pancreatitis

Severe acute
pancreatitis

Splenic vein thrombosis

No organ failure
No local complications
Organ failure that resolves within 48 h (transient
organ failure) and/or
Local or systemic complications without persistent
organ failure
Persistent organ failure (single/multiple) > 48 h

Superior mesenteric vein thrombosis

1.3%-10% of patients with
pancreatitis
60% of all acute haemorrhage
in pancreatitis
20% of all acute haemorrhage
in pancreatitis
20% of all acute haemorrhage
in pancreatitis
1%-23% of patients with
pancreatitis
23% of patients with
pancreatitis
22% of patients with
pancreatitis
19% of patients with
pancreatitis

and lead to the development of arterial complications.
Multi organ failure, necrosis, peri-pancreatic infection,
long-term anticoagulation and underlying vasculitis all
[35]
increase the risk of vascular complications . Pancreatic
necrosis is specifically associated with an increased
[28]
risk of major haemorrhage . There is no evidence
to confirm that fungal infections confer an increased
risk of pseudoaneurysm formation in pancreatitis as
compared to bacterial infection, however anecdotally
in immunosuppressed patients fungal infections are
closely associated with pseudoaneurysm formation.
Due to the significant structural integrity of arteries the
time taken for a pseudo-aneurysm to form can vary
[22,29,36]
greatly from weeks to even years
.
Although we are aware of certain risk factors for
haemorrhage associated with pseudo-aneurysms it
is challenging to quantify the impact that acute vs
chronic inflammation has on vessel stability. Current
evidence on acute haemorrhage is predominantly small
volume case series of a mixed population of patients
who have been treated for acute haemorrhage.
[37]
However Zyromski et al identified 24 patients with a
pseudoaneurysm associated with pancreatitis of which
22 patients had acute on chronic pancreatitis and 2
patients presented during their first episode of acute
pancreatitis. Twenty-one patients had a collection
or pseudocyst and 2 had identifiable necrosis. Sethi
[38]
et al
demonstrated that of those undergoing
mesenteric angiography for bleeding associated with
pancreatitis 8 had acute pancreatitis and 8 had chronic
pancreatitis. Within the acute population three patients
were diagnosed with necrotising pancreatitis and one
required necrosectomy. Seven of the eight patients
with chronic pancreatitis had confirmed pseudocyst
formation and one developed acute necrosis on a
[21]
background of chronic pancreatitis. Udd et al looked
at 33 patients with chronic pancreatitis and bleeding
pancreatic pseudoaneurysms. They showed that
1.7% of admissions related to chronic pancreatitis

Table 3 Defining pancreatic and peri-pancreatic collections
Acute peri-pancreatic
Don not have well defined walls
Homogenous, confined to normal fascial planes
fluid collection
in retroperitoneum
May be multiple
Likely to develop into a pseudocyst if they
persist > 4 wk
Pancreatic
Fluid collection in peri-pancreatic tissues
Occasionally partly/totally intra-pancreatic
pseudocyst
Well defined wall with essentially no solid
material
Occur typically after 4 wk
Acute necrotic
Fluid collection within the first 4 wk containing
collection
necrotic tissue and fluid.
Presence of necrosis differentiates it from APFC
Walled off necrosis
Necrotic tissue contained within an enhancing
wall of reactive tissue
Usually occurs > 4 wk after the onset of
necrotising pancreatitis
Infected necrosis
Presence of gas within collection
Positive cultures post FNA
APFC: Acute peri-pancreatic fluid collection.

of pancreatic tissue and subsequent pancreatic fluid
release which has a high enzymatic content. These
disruptive processes are further proliferated by the
cytokine cascade that develops due to pancreatitis.
Such processes in combination with pressure necrosis
can lead to pseudo-aneurysm formation or spontaneous
arterial rupture. Bleeding may also develop from the
disruption of the wall of a pseudocyst or WON.
The presence of radiologically inserted drains
can also cause direct trauma to vessels. Drains can
perpetuate local inflammation which in turn can further
diminish arterial wall integrity. Surgical intervention in
the form of necrosectomy can disrupt arterial integrity
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yet both are at high risk.
Symptomatic pseudo-aneurysms can present in
varying ways however the most common symptom
described is abdominal pain. Around 29.5% of
patients will have abdominal pain which may reflect
bleeding in the retroperitoneum. However there is a
degree of ambiguity in the cause of such symptoms
as pancreatitis in itself is painful. Bleeding into the
gastrointestinal tract can occur in around 26.5%
with haemosuccus pancreaticus (haemorrhage into
pancreatic duct) being present in 20% of patients and
[39]
also bleeding in pancreatic pseudocyst (Figure 1) .
Symptomatology is also dependent on the anatomical
location of the pseudo-aneurysm.

Figure 1 Computed tomography arterial and venous phase showing a
pseudocyst (green arrows) eroding the splenic artery (blue arrows)[90].

Site of pseudoaneurysm

The most common site for pseudo-aneurysms is the
splenic artery which occurs 35%-50% of occasions
(Figures 2 and 3). The gastroduodenal and pan
creaticoduodenal vessels each account for 20%-25%
of pseudo-aneurysms. Mesenteric, colic and hepatic
[20,31,40-50]
vessels commonly make up the remaining sites
.
[51,52]
Aortic involvement can occur in up to 0.5% of cases
.
Case reports have also identified individual cases of
the left sub-capsular renal artery and the left phrenic
[53,54]
artery
. Vessels in close proximity to the gastro
intestinal tract have a greater risk of manifesting as
luminal bleeding.

Imaging diagnosis

Figure 2 Computed tomography arterial and venous phases showing a
pseudoaneurysm in a patient with necrotizing pancreatitis.

Identification of a pseudo-aneurysm is typically by
CT imaging however the indication for imaging can
[22,30,55]
vary
. Ultrasound has been shown to be less
sensitive than CT in identifying such complications
however, still has an important role in identifying venous
[29,56]
complications such as portal vein thrombosis
. It
may also have a limited role in those allergic to iodine
[57]
and certain cases of renal insufficiency . Current
guidance for patients with complicated pancreatitis with
evidence of significant inflammation, infection and/or
organ dysfunction is to undergo planned cross-sectional
imaging in order to determine whether there is a com
plication of pancreatitis. Cross-sectional imaging for
pancreatitis should occur a minimum of 72 h after
the onset of symptoms unless there is diagnostic
[58]
ambiguity . At present there is no strong evidence to
differentiate between the use of CT and MRI however
MRI may show greater detail in differentiating the
different types of peri- and intra-pancreatic collections,
such as necrosis with pus, necrosis without pus and
fluid collection without necrosis; these findings may be
[17,59]
better defined by MRI
.
Present evidence supports contrast enhanced triple
phase CT as the best imaging modality for vascular
[34,60,61]
complications
. When a pseudo-aneurysm is
identified subsequent management can be planned
accordingly with the aid of both CT and angiographic
[62,63]
guidance
. Due to the greater accessibility and

Figure 3 Three-D coronal maximum-intensity-projection computed
tomography image in a 45-year-old man who had remote history of
pancreatitis presented with back pain showing 2.0-cm pseudoaneurysm
(arrow) arising from splenic artery[91].

were due to haemorrhage. They found that within
the study population seven had pseudocysts two of
which required percutaneous drainage and six patients
had undergone a previous operation. There is no
definitive evidence to show that patients with chronic
pancreatitis and pseudocyst formation are at greater
risk of developing arterial complications as compared
to patients with severe acute pancreatitis with necrosis
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A

B

C

Figure 4 Splenic artery pseudoaneurysm before and after embolization. A: Post contrast computed tomography scan showing the pseudoaneurysm rising from
the splenic artery; B: Pre embolization selective splenic arterial DSA angiography image showing pseudoaneurysm; C: Post embolization DSA image showing the
coils inside the splenic artery with its resultant embolization[92].

improved vascular imaging triple phase contrast CT
has become the imaging modality of choice in severe
pancreatitis. Cross-sectional imaging may identify
local pancreatic complications that may benefit from
antibiotics, radiological intervention or very rarely
surgery which in turn will aim to potentially speed
the recovery of the patient. Less frequently pseudoaneurysms will rupture causing acute haemodynamic
compromise and emergency imaging is performed to
determine the underlying cause. There is currently little
evidence to specify the timing of follow up imaging and
this should be guided by clinical assessment.

greater facilities to manage such complicated patients.
Trans-arterial embolisation of pseudo-aneurysms
is commonly achieved by the placement of stainless
steel or complex helical coils in the proximal and distal
feeding vessel in order to isolate inflow and prevent
back filling via collaterals (Figure 4). Haemostasis
can be augmented by N-butylcyanoacrylate glue,
ethiodised oil, gelfoam, thrombin, polyvinyl alcohol and
[21,37,38,41,43,65-69]
other particles
. Increasingly in visceral
aneurysm treatment covered stents have been used
to exclude inflow to the aneurysm however they are
less commonly used in the treatment of pseudoaneurysms. Complications can arise both in failed and
successful procedures. Access related complications
might occur in the form of haematoma, dissection,
pseudo-aneurysm and emboli. Complications may
arise local to the pseudo-aneurysm including rupture,
end vessel infarction, dissection and coil migration.
Mortality of pseudo-aneurysms secondary to pancrea
[26,28,30-35]
titis has been shown to be between 34%-52%
,
however the literature shows significant improvement
in case series of those who have undergone radiological
intervention. It is important to note that a proportion
of patients will have been too unstable for intervention
and therefore this mortality may not be reported
as widely in the studies of radiological or surgical
[65]
intervention. Kim et al
in 2015 demonstrated that
of 37 patients undergoing angiographic embolisation it
was unsuccessful in only three patients. Two of whom
re-bled from the primary pseudo-aneurysm and one
developed a new pseudo-aneurysm. Of the 34 patients
who underwent successful angiographic embolisation
there were no episodes of re-bleeding with a mean
follow up of 38 wk. Two patients died as a result
of splenic abscesses and subsequent sepsis due to
procedure related splenic infarction giving a mortality
of 5%.
[21]
Udd et al
in 2007 identified 33 patients who
were identified to have pancreatitis related pseudoaneurysms at angiography however only 23 were
suitable for embolization. Four of the 23 re-bled and

MANAGEMENT OF ACUTE
HAEMORRHAGE
Historically the management of pseudo-aneurysm
was primarily surgical however over the past two
decades the first line intervention is now interventional
radiology. Since there have been marked improvements
in the field of interventional radiology the spectrum
of pathologies that can be treated successfully
has expanded greatly. In the United Kingdom the
provision of interventional radiology services varies
significantly and is concentrated in tertiary centres.
This is particularly evident out of hours where few
hospitals have a 24-h on call interventional radiology
service. A study of the provision of services for acute
upper GI haemorrhage has shown that of hospitals
in the United Kingdom 46% were able to offer out of
hours interventional radiology services whether that be
[64]
at the hospital in question or via a network . Acute
haemorrhage in district general hospitals is therefore
unlikely to be treated with interventional radiology and
certainly the mortality of acute haemorrhage from
pseudo-aneurysm secondary to pancreatitis may reflect
this. Some patients in the acute setting may be suitable
for transfer depending on haemodynamic stability. In
a semi-elective setting appropriate patients can be
transferred to regional centres with greater expertise in
managing pseudo-aneurysms where they would have
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pseudo-aneurysm has been shown to be very successful
however there are occasions where the pseudoaneurysm is inaccessible and therefore embolisation is
not feasible. Increasingly in these circumstance image
guided thrombin injection has been shown to have a
role. The current literature identifies a number of case
reports detailing successful embolization of a pseudo[62,70-84]
aneurysm with percutaneous thrombin
. Of the
23 patients identified who underwent percutaneous
thrombin injections four patients re-bled and required
further intervention. Two patients had repeated
thrombin injections, one underwent angiographic
coiling and one is unknown. Other than re-bleeding no
significant complications were documented. Evidence
is increasing to show that percutaneous therapy is a
viable alternative to angiographic therapy. The delivery
of thrombin has been successfully used angiographically
and percutaneously however in certain scenarios neither
can provide appropriate access to allow for successful
embolisation. Endoscopic ultrasound has been shown in
case reports to provide appropriate access for thrombin
injection of pancreatitis related pseudo-aneurysms.
Both aneurysms of the gastro-duodenal and splenic
artery have been embolised endoscopically without the
[85-89]
need for re-intervention
.
Surgery in patients with pancreatitis is known to
be associated with significant morbidity and mortality
which only increases in the presence of acute haemorr
hage. With the improvement of minimally invasive
techniques the role of surgery has diminished as
angiographic, percutaneous and endoscopic techniques
can appropriately exclude pseudo-aneurysms. However
in spite of the technological advances in radiology and
endoscopy, surgery will continue to play an important
role in haemorrhage control where other techniques
are not technically possible or available. There is
currently no consensus on the surveillance of pseudoaneurysms and the need for follow up. Patients with
pancreatitis of a severity that leads to the formation
of a pseudo-aneurysm will often undergo follow up
imaging to ensure the resolution of local pancreatitis
complications and in turn individually designed imaging
follow up can be determined in coordination with the
clinician and radiologist to ensure that the future rebleed risks are mediated.

only three of those patients received successful repeat
radiological intervention. Radiological intervention was
successful in 22/33 patients (67%). The remaining
10 patients went on to require surgical cessation of
bleeding. One patient who underwent interventional
radiology and one patient who underwent surgery
[20]
died giving a mortality of 6%. Bergert et al
2005
identified 35 patients with bleeding secondary to
pancreatitis related pseudo-aneurysms. Twenty six
patients were identified to have pseudo-aneurysms at
angiography however angiographic embolisation was
the primary treatment in only 16. Two patients rebled post-angiographic embolization. Nineteen patients
required surgery to potentially stop bleeding. Three
patients undergoing radiological intervention and four
patients undergoing surgery died giving a mortality
of 20%. The discrepancies in the number of patients
undergoing radiological intervention and the mortality
[20]
[65]
between Bergert et al
and Kim et al
may be
reflected in the improvement of clinical practices from
the related study dates of 1993-2004 and 2000-2012
respectively. Over the past two decades radiological
provision, equipment and technical skills have improved
significantly.
[68]
Tulsyan et al
in 2007 identified a mixed demo
graphic of elective and non-elective patients (48
patients) with both visceral artery aneurysms and
pseudo-aneurysms (28 patients) which showed
marked success of radiological intervention. Forty
seven of the 48 patients were embolised radiologically
however three patients re-bled. Four patients died
in the perioperative period all of whom were among
the 22 patients who required urgent or emergent
intervention because of hemodynamic instability giving
a mortality of 18% in the non-elective group. Zyromski
[37]
et al
in 2007 identified 37 patients with visceral
pseudo-aneurysms 24 as the result of pancreatitis
and 13 as the result of pancreatic surgery. Within the
pancreatitis group 23 of the 24 patients underwent
embolization and in each case it was successful at
arresting haemorrhage. Initially in one patient a pseudoaneurysm could not be identified at angiography
but was confirmed after a repeat procedure. Twelve
patients underwent surgery in an attempt to resolve
the on-going pancreatic inflammatory process but not
for treatment of a pseudo-aneurysm. On patient died
as a result of a stroke unrelated to pseudo-aneurysm
treatment.
Smaller studies assessing the management of
pseudo-aneurysms secondary to pancreatitis have
[41]
shown similar outcomes. Hsu et al
in 2006 (9
[66]
patients), Beattie et al in 2003 (19 patients), Gambiez
[67]
[38]
et al in 1997 (14 patients) and Sethi et al in 2010
(16 patients) identified that of a total of 58 patients
radiological intervention was successful in only 35
patients (60%). Twenty patients subsequently under
went surgery (34%) and seven patients died (12%).
Angiographic embolisation of pancreatitis related
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CONCLUSION
Pancreatitis has a number of aetiologies and many
more potential complications which leads to it being a
common pathology seen in every surgical department.
Arterial complications of pancreatitis although rare
are associated with a high morbidity and mortality.
It is important to maintain a high level of suspicion
for pseudo-aneurysm as they can be easily missed
despite cross-sectional imaging. Early recognition of
the presence of a pseudo-aneurysm can facilitate ex
pedited care of this complex pathology that may require
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angiographic, percutaneous, endoscopic or surgical
intervention to prevent catastrophic haemorrhage.
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MINIREVIEWS

Treating children with inflammatory bowel disease: Current
and new perspectives
Graziella Guariso, Marco Gasparetto
inflammatory condition of the gut characterised
by alternating periods of remission and relapse.
Whilst the mechanism underlying this disease is yet
to be fully understood, old and newer generation
treatments can only target selected pathways of
this complex inflammatory process. This narrative
review aims to provide an update on the most recent
advances in treatment of paediatric IBD. A MEDLINE
search was conducted using “paediatric inflamma
tory bowel disease”, “paediatric Crohn’s disease”,
“paediatric ulcerative colitis”, “treatment”, “therapy”,
“immunosuppressant”, “biologic”, “monitoring” and
“biomarkers” as key words. Clinical trials, systematic
reviews, and meta-analyses published between 2014
and 2016 were selected. Studies referring to earlier
periods were also considered in case the data was
relevant to our scope. Major advances have been
achieved in monitoring the individual metabolism,
toxicity and response to relevant medications in IBD
including thiopurines and biologics. New biologics acting
on novel mechanisms such as selective interference with
lymphocyte trafficking are emerging treatment options.
Current research is investing in the development of
reliable prognostic biomarkers, aiming to move towards
personalised treatments targeted to individual patients.
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Core tip: This narrative review summarises the current
practice in treating children with inflammatory bowel
disease (IBD) and explores the new advances and
future aims. A particular focus of the review are the
peculiarities of the paediatric age in respect to the
standard practice in adult patients with IBD. Whilst the
cause of this condition remains only partly understood,
a significant proportion of children does not respond to
the treatment options currently available. Developing

Abstract
Inflammatory bowel disease (IBD) is a chronic
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mucosa is a known risk factor for the development of
[9]
colorectal carcinoma .
Currently, proven medical treatment of paediatric UC
is limited to a few options, including amino-salicylates,
corticosteroids and thiopurines. More recently, anti-TNF
agents have been established for the management of
patients with UC who are refractory to conventional
[10]
medical treatment . Choice of therapy is mainly based
on disease extension and severity of inflammation. Up
to 25% of the total patients with UC currently require
a colectomy because of ongoing, severe inflammation,
unresponsive to medical therapy, or when the disease is
[11]
steroid-dependent .
When a child is diagnosed with IBD, achieving early
remission has a positive impact on normal child growth
and development, long-term remission and quality of
[2]
life, thus reducing the psychological burden . Children
tend to present with a more aggressive course of IBD,
therefore immunomodulators and biological treatments
[2]
are used extensively .
Achieving satisfactory nutritional status and reaching
growth target should be one of the focuses in paediatric
IBD. In fact, nutritional concerns are still common in
children with CD (up to 65%-75% of cases) who are
[3,6,12]
often underweight at presentation
. Even in the
longer term, despite current treatment strategies for CD
including biologics, short stature and slow growth are
still encountered in paediatric CD.
Whilst an early diagnosis is pivotal to minimize
growth deficiency, the signs of CD onset vary and can
easily go unnoticed, causing growth deficiency and
pubertal delay to precede the intestinal manifestations
[12]
of the disease .
Poor bone health, delayed puberty, and growth
failure may go on to complicate these patients’ clinical
[2,6,12]
management
.
The pharmacokinetics (PK) and pharmacodynamics
of drugs in children are different from those in adults
and the approach to paediatric drug dosing needs to be
based on the physiological characteristics of the child
[13]
and the pharmacokinetic parameters of the drug .
Current European Medicines Agency (EMA) and
United States Food and Drug Administration (FDA)
guidance recommends that dose selection for paediatric
studies is based on extensive and detailed prior in
formation, starting with what has been learnt in adult
[14]
populations . Paediatric pharmacometric approaches
are increasingly being applied to drugs already in use,
[14]
but that remain unlicensed and off-label in children .
There are multiple factors contributing towards the
pathogenesis of IBD, and the whole mechanism is
yet to be entirely defined in its complexity. Current
hypotheses suggest the host’s genetic profile, immune
system and environmental factors such as the gut
[3]
microbiota as possible key factors .
IBD may develop from a chain of events involving
alteration in the microbiome, increase in intestinal
permeability leading to bacterial translocation, and

new treatments is therefore a key target. Major
advances have already been achieved in therapeutic
drug monitoring.
Guariso G, Gasparetto M. Treating children with inflammatory
bowel disease: Current and new perspectives. World J
Gastroenterol 2017; 23(30): 5469-5485 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i30/5469.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i30.5469

INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic
inflammatory condition of the gut characterized by
[1]
alternating periods of remission and relapse .
It comprises Crohn’s disease (CD), ulcerative colitis
(UC) and IBD-Unclassified (IBD-U), and its incidence
has increased steadily worldwide, particularly in
[2-4]
Western countries . The disease affects both children
and adults, with current estimated prevalence of
2.6 million people in Europe and 1.2 million in North
[5]
America . Approximately 25% of IBD patients are
[6]
diagnosed before the age of 18 . Given that a cure for
IBD hasn’t been developed so far, treatments currently
available are mainly aimed to induce and maintain
remission. Therapeutic options include corticosteroids
which have shown up to 80% efficacy in inducing
remission in patients with CD. Other immunomodulators
used for the treatment of IBD include thiopurines [i.e.,
azathioprine (AZA) and 6-mercaptopurine], metho
trexate (MTX) and biological treatments such as antitumour necrosis factor (anti-TNFa) therapies like
[5]
infliximab (IFX) and adalimumab (ADA) .
CD is characterized by focal, patchy, transmural
and granulomatous inflammation and it can affect any
part of the intestinal tract as well as extra-intestinal
[4]
tissue . Peak age of diagnosis of CD is between 12
[7]
and 25 .
Due to its typical onset in the young age and to the
chronicity of the disease, medical treatment remains
the cornerstone in CD, with most patients requiring
[4]
lifelong therapy . Whilst for CD surgery is generally
an option restricted to patients resistant to maximised
medical treatments or with specific complications,
approximately 75% of patients with CD will eventually
[4,8]
undergo surgical resection . Nevertheless, according
to the current epidemiology data available, up to 73%
of these patients will experience endoscopic recurrence
of disease at one year post surgery and 22% to 55%
[8]
will have a clinical relapse at five years .
UC mainly involves the large bowel mucosa, with
inflammation extending proximally from the rectum
in a continuous fashion. In approximately 80% of
children, the disease extent is proximal to the splenic
flexure, whereas in adults it’s more frequently left
sided. Prolonged severe inflammation of the colonic
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subsequent activation of the adaptive immune
response to cause tissue damage (a model known as
[15]
“bacterial penetration cycle hypothesis”) .
As a result of the uncontrolled activation of the
mucosal immune system, the pro-inflammatory
cytokines released cause chronic inflammation of
[5]
the gastrointestinal tract . In consideration of the
crucial role played by cytokines in the development of
intestinal inflammation, all current treatments for IBD
target downstream events in the host inflammatory
[15]
response .
Given the complexity and heterogeneity of IBD, a
holy grail of current research is to be able to customize
therapy to a patient’s predictive biomarker profile,
in order to personalise treatment and to maximise
[11]
response .
Studies in adult patients with CD have shown
that treatments capable of inducing and maintaining
endoscopic mucosal healing (MH) have a positive
impact on the disease course, by reducing the number
of clinical relapses, hospitalizations and surgical
[16]
interventions . Therefore, the current aim in the
care of IBD for all ages is achieving intestinal MH, i.e.,
[3]
beyond the simple resolution of symptoms .
Based on this evidence, the strategy of early
introduction of immunomodulators and biological
therapies (“top-down”) to induce deep remission (longterm intestinal healing) is increasingly used in highrisk paediatric patients (e.g., children with extensive
disease distribution, severe perianal disease, no
response to standard medical options, growth re
tardation and delayed puberty) as an attempt to
modify the clinical course of the disease by inducing
and maintaining remission, reducing hospitalizations,
surgeries, use of corticosteroids, as well as promoting
[3]
growth and pubertal development .
Based on the recommendations above, the conven
tional “step up” approach for paediatric CD, based
on amino-salicylates, corticosteroids, and immuno
modulators, is increasingly outdated for patients at
[17,18]
high risk of complicated disease
.
This narrative review aims to summarise the most
recent advances in treating children with IBD and to
provide with an overview of the new treatments in this
field.

relevant to the scope of the review.

DIET, MICROBIOTA AND FAECAL
TRANSPLANT
Diet has an impact on the composition of the intestinal
microbiome and gut immune status and currently
there is growing evidence that the microbiota has a
[15]
relevant role in the pathogenesis of IBD .
“Dysbiosis”, an imbalanced intestinal microbiota
with pro-inflammatory microorganisms prevailing on
the protecting ones, has been repeatedly reported in
[19]
patients with IBD .
Dietary interventions in children with active CD
have proved evidence of a link between diet and the
[15]
disease . Exclusive enteral nutrition (EEN) using a
polymeric formula for 6-8 wk, is the first-line therapy
[20,21]
to induce remission in children with active CD
.
EEN is effective in inducing remission in approximately
80% of patients, with a clinical remission rate similar
[3]
to corticosteroids . However, as opposed to steroids,
EEN provides significant nutritional benefit and is
[3]
superior in achieving MH .
EEN also leads to early MH, and long-term benefits
[16]
of EEN-induced MH are currently being looked into .
[16]
Grover et al conducted a prospective cohort study
on 54 children with new diagnosis of CD, to evaluate
the impact of early EEN-induced MH on predicting
sustained remission (SR) on immunomodulators,
without need for additional therapy like steroids,
biologics or surgery. Paediatric CD Activity Index
(PCDAI), C-reactive protein (CRP) and endoscopic
assessment at diagnosis were paired with those post
6 wk of EEN. Complete MH was observed in 33%, and
near complete in 19%. SR was superior in children
with complete MH vs those with active endoscopic
disease at 1, 3 and 5 years of follow-up, therefore
the authors conclude that following induction of
remission with EEN, complete MH is superior to clinical
and biochemical remission in predicting SR over and
[16]
beyond 3 years on maintenance immunomodulators
(Table 1).
Partial enteral nutrition with allowance of free diet
hasn’t been proved effective yet. It is unclear whether
this depends on the supply of specific nutrients within
the polymeric formula or on the exclusion of dietary
[15]
factors during the course of exclusive polymeric diet .
Recent studies have aimed to evaluate which of
the excluded dietary components in EEN may be
responsible for the effect, in order to look into ways to
[15]
allow a safe whole food diet .
[15]
Sigall-Boneh et al validated a dietary intervention
that allows whole foods but reduces exposure to
dietary components that have been shown to induce
inflammation, affect the microbiome and the mucous
layer, increase gut permeability or the adherence and
translocation of bacteria in mouse or cell line models.

LITERATURE SEARCH
A Medline search using the keywords “paediatric
inflammatory bowel disease”, “paediatric Crohn’s
disease”, “paediatric ulcerative colitis”, “treatment”,
“therapy”, “immunosuppressant”, “biologic”, “monitoring”
and “biomarkers” was carried out.
Retrospective and prospective clinical studies,
systematic reviews and meta-analyses published
between 2014 and 2016 were selected for this narrative
review. Studies conducted earlier were also taken into
consideration whenever the data outline was considered
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Table 1 Summary of the cohort studies mentioned in the review including reference, study design and population, main results,
conclusions
Ref.

Study design

Nutrition
Sigall-Boneh et al[15]
Inflamm Bowel Dis 2014

Grover et al[16] J Crohns
Colitis 2016

Thiopurines
Stocco et al[23] World J
Gastroenterol 2015

Biologics and biosimilars
Sharma et al[7] Inflamm
Bowel Dis 2015

Main results

Conclusion

Prospective cohort 47 patients = 34 children
Post treatment with 6-wk exclusion diet:
study
+ 13 young adults
access to specific foods + 50% of calories from
polymeric formula
Mean age 16.1 ± 5.6 yr
Response in 37 (78.7%)
Remission in 33 (70.2%)
Active CD (PCDAI > 7.5
Decrease in CRP and ESR
or Harvey-Bradshaw
Index ≥ 4)
Normalisation of CRP in 70% of patients
entering remission
Prospective cohort
54 children with CD
Post EEN:
Age < 16
Clinical remission (PCDAI < 10) in 45/54 (83%)
study
At least 6 wk EEN
Biochemical remission (PCDAI < 10, CRP < 5)
in 39/54 (72%)
Complete MH in 18/54 (33%)
Nearly complete MH in 10/54 (19%)
SR superior in children with MH vs active
endoscopic disease:
P 0.003 at 1 yr
P 0.008 at 2 yr
P 0.005 at 3 yr
Retrospective
cohort study

Multicentre,
double-blind
Nuti et al[18] J Crohns Colitis Prospective cohort
2016
study

Strong positive association between serum
ADA concentration and disease remission/
response to treatment

Only complete MH post
EEN induction predicts more
favourable SR for up to 3 yr

Positive association between
serum ADA concentration
and remission/response
in paediatric patients with
moderate/severe CD

Higher body weight, baseline CRP, lower
albumin, previous treatment with anti-TNF
and presence of anti-IFX antibody were
associated with increased ADA clearance

37 biologic-naïve
Biological therapy with IFX + AZA was
paediatric patients with effective in achieving MH (based on change in
CD
PCDAI and SES-CD)

Combination of biologics +
immunomodulators was more effective than
biological monotherapy
Improvement of mucosal lesions at 2 yr
follow-up was predictive of favourable
outcomes
Retrospective
27 paediatric patients
Effectiveness and safety of ADA:
population based with CD experiencing IFX Clinical benefit: 19 (70%) measured by the
physical global assessment score
study (EPIMAD
failure
Significant decrease in CRP in children
registry)
responding to ADA (9 vs 15 mg/L)
Cumulative probability of failure to ADA
treatment:
38% at 6 mo, 55% at 1 yr
Primary failure: 8 (30%)
Secondary failure: 5 (26%)
Adverse effects: 11 (40%)
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Dietary therapy involving PEN
with an exclusion diet seems to
lead to high remission rates in
early mild-to-moderate luminal
CD in children and young
adults

12 paediatric patients = 6 NAT1 genotypes (fast enzymatic activity) were
NAT1 genotype affects
CD + 6 UC
associated with reduced TGN concentration
TGN levels in patients
The effect of NAT1 on TGN persists even 1 mo treated with thiopurines and
after the interruption of the aminosalicylate
aminosalicylates and could
No effect of the NAT2 polymorphism was
therefore influence the toxicity
observed
and efficacy of these drug

IMAgINE-1 study Paediatric CD population
= 192

Phase-3,
randomized,

Fumery et al[33] J Pediatr
Gastroenterol Nutr 2015

Population

5472

Biologics improve mucosal
lesions, more effectively if
given in combination with
immunomodulators.
MH predicts a better disease
course

Treatment with ADA was safe
and effective in two-thirds of
patients with pediatric-onset
CD and IFX failure
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Frymoyer et al[38] J Pediatr
Gastroenterol Nutr 2016

Dziechciarz et al[34] J
Crohns Colitis 2016

Conrad et al[39] Inflamm
Bowel Dis 2016

Singh et al[44] Inflamm
Bowel Dis 2016

Sieczkowska et al[46] J
Crohns Colitis 2016

Thalidomide
Lazzerini et al[49] JAMA
2013

Lazzerini et al[50] Inflamm
Bowel Dis 2015

Monte Carlo
1000 simulated children
Trough IFX concentration > 3 mg/mL was
simulation
achieved at week 14 in 21% for albumin level
analysis
of 3 g/dL vs 41% for albumin of 4 g/dL
constructed using
a published
population
pharmacokinetic
model based on
data from 112
children in the
REACH trial
Systematic review
Efficacy and safety of
Pooled remission rates:
At 4 wk: 30% (n = 93/309)
of 14 studies
ADA I paediatric patients
At 3 mo: 54% (n = 79/145)
with CD
At 4 mo: 45% (n = 18/40)
At 6 mo: 42% (n = 146/345)
At 8 mo: 57% (n = 20/35)
At 12 mo: 44% (n = 169/383)
Primary non-responders: 6% (13/207)
Severe adverse events: 12% (69/599)
Observational,
21 paediatric patients (16
Clinical response post treatment with
single-centre,
CD, 5 UC) with refractory
vedolizumab:
6/19 (31.6%) at week 6
prospective cohort IBD who had previously
11/19 (57.9%) at week 22
study
failed anti-TNFa therapy
Steroid-free remission in 1/20 (5%) at week 6,
3/20 (15%) at week 14 and 4/20 (20%) at week
22.
Retrospective
52 paediatric patients
Week 14 remission rates: 76% for UC, 42% for
review on the
with IBD, 90% of whom
CD, 80% of anti-TNF naïve IBD
Week 22 remission rates:
experience with
had failed ≥ 1 anti-TNF
100% anti-TNF naïve vs 45% anti-TNF exposed
vedolizumab
agent
Prospective cohort 39 paediatric patients: 32
Clinical remission:
study
with CD, 7 with UC
88% for CD
Children were switched
57% for UC
from IFX originator to its
biosimilar
All patients had PCDAI ≥
25 at the time of switching
Doubleblind, placebocontrolled,
randomized
clinical trial

Multicenter,
double-blind,
placebocontrolled,
randomized
clinical trial
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Standard IFX maintenance
dosing in children with CD is
predicted to frequently result in
inadequate exposure, especially
when albumin levels are low.

According to low-quality
evidence based mainly on case
series, approximately half of
children with CD on ADA
therapy achieve remission
during the first year of the
therapy with reasonable safety
profile

Clinical response to
vedolizumab in children with
moderate/severe CD increases
from week 14 to week 22
No differences in treatment
efficacy, after switching from
IFX originator to its biosimilar

56 padiatric patients with Clinical remission achieved by 13/28 (46.4%) Thalidomide compared with
active CD, randomised to of the children treated with thalidomide vs
placebo resulted in improved
receive either thalidomide 3/26 (11.5%) of those who received placebo
clinical remission at 8 wk of
or placebo
(P = 0.01)
treatment and longer-term
Almost all had not
Responses were not different at 4 wk, but
maintenance of remission.
responded to thiopurines greater improvement was observed at 8 wk in
and 35% had not
the thalidomide group [75% response in 13/28
responded to biologics
(46.4%)] vs 3/26 (11.5%)(P 0.01)
Of the non-responders to placebo who began
receiving thalidomide, 11 of 21 (52.4%)
subsequently reached remission at week 8
(P = 0.01).
Overall, 31 of 49 children treated with
thalidomide (63.3%) achieved clinical
remission
Mean duration of clinical remission in the
thalidomide group was 181.1 wk vs 6.3 wk in
the placebo group (P < 0.001).
26 paediatric patients
Clinical remission at week in 10/12 (83.3%) of Thalidomide compared with
with active UC,
the children treated with thalidomide vs 2/11 placebo resulted in improved
randomised to receive
(18.8%) of those who received placebo
clinical remission at 8 wk of
thalidomide or placebo
(P = 0.005)
treatment and in longer term
All patients had had
Of the non-responders to placebo who were
maintenance of remission.
thiopurines and 35%
switched to thalidomide, 8 of 11 (72.7%)
had received prior IFX
subsequently reached remission at week 8
treatment
(P = 0.01)
Clinical remission in the thalidomide group
was 135 wk compared with 8 wk in the
placebo group (P < 0.0001).
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New treatments
Tew et al[11]
Gastroenterology 2016

Retrospective
110 patients with UC
Increased expression of T-cell associated genes
analysis of two (cohort 1) and 21 patients in baseline biopsies of anti-TNF naïve patients
cohorts: 1. phase 2
including UC and
who achieved clinical remission in response to
placebo-controlled
controls (cohort 2)
etrolizumab
trial;
2. observational
Patients with high colonic integrin aE
study at a separate
expression showed greater benefit
site
GZMA expression was different posttreatment
Sandborn et al[51] N Engl J
Double197 adult patients with
Clinical remission at 8 wk:
Med 2016
blind, placebomoderate-severe UC
controlled, phase-2
trial
16% of patients who received 1 mg of
Ozanimod vs 14% who received 0.5 mg vs 6%
of those who received placebo
Clinical remission t 32 wk:
21% vs 26% vs 6% respectively
Drop in absolute lymphocyte count at week 8:
49% from baseline in the group who received
1 mg of Ozanimod
32% from baseline in the group who received
0.5 mg
Allez et al[52] Gut 2016
Randomised,
78 adult patients with CD No significant difference in change in CDAI
double-blind,
from baseline to week 4, between NKG2D
parallel group trial
group and placebo group
Age 18-75
Significant difference in change in CDAI at
week 12 (delta CDAI -55, P ≤ 0.1) between
NKG2D group and placebo group
Disease duration ≥ 3 mo
Significant improvement noted in the nonfailure to biologic subgroup treated with antiNKG2D from week 1
CDAI 220-450
CRP ≥ 10 mg/L
Endoscopic evidence of
inflammation

Levels of GZMA and ITGAE
mRNAs in colon tissues can
identify patients with UC who
are most likely to benefit from
etrolizumab
GZMA is a promising
biomarker for etrolizumab
response

Ozanimod at a daily dose of 1
mg resulted in a slightly higher
rate of clinical remission of UC
than placebo

A single s.c. dose of 2 mg/kg
anti-NKG2D did not reduce
disease activity at week 4 vs
placebo, but the difference was
significant at week 12

ADA: Adalimumab; CD: Crohn’s disease; CDAI: Crohn’s disease activity index; CRP: C-reactive protein; EEN: Exclusive enteral nutrition; GZMA:
Granzyme A; IFX: Infliximab; ITGaE: Integrin aE gene; MH: Mucosal healing; NAT: N-acetyl transferase; PCDAI: Paediatric Crohn’s disease activity index;
PEN: Partial enteral nutrition; s.c.: Subcutaneous; SES-CD: Simple Endoscopic Score for Crohn's Disease; SR: Sustained remission; TGN: Thioguanine
nucleotides; UC: Ulcerative colitis.

They recruited 47 patients including 34 children and
13 young adults with active disease, who were treated
with a 6-wk exclusion diet that allowed access to
specific foods and up to 50% of dietary calories from a
polymeric formula.
The diet consisted in elimination of or reduction
in animal fat, dairy products, gluten, and emulsifiers
whereas fibre from fruits and vegetables was allowed.
Clinical response was observed in 78.7% and remission
in 70.2%, alongside improvement in CRP (normalized
in approximately 70%) and ESR. On the basis of
these results, the Authors recommend the use of
this elimination diet in patients with mild-moderate
disease, as it allows access to specific foods improving
[15]
palatability and compliance (Table 1).
So far, efficacy of microbiome-based therapies like
[19]
probiotics or antibiotics has been limited in IBD .
Nevertheless, the recent focus on dysbiosis as a
plausible key factor in IBD pathogenesis, has led to a
growing interest in faecal microbiota transplantation
(FMT) as a novel potential treatment option in IBD.

WJG|www.wjgnet.com

FMT is the administration of faecal material from
a donor into the intestinal tract of a recipient, with
the aim to change the microbiota composition and
restore mucosal health. Over the past few years,
FMT has been used successfully for the treatment of
recurrent Clostridium difficile infection (CDI) (efficacy
of 80%-95%), and is now being evaluated in other
diseases possibly driven by the microbiota, including
[19]
IBD .
There are several studies and case reports on the
use of FMT in UC, but only two randomized control
[19,20,22]
studies published to date
.
The success rate of FMT in treating UC has been much
more limited (clinical remission in 35%) in respect to its
success in treating recurrent CDI. However, studies so
far have been small and heterogeneous, therefore clear
[19]
conclusions are difficult to make .
Even less data is available for FMT in CD, with only
isolated cases or heterogeneous small series reporting
[19]
overall clinical remission in 60%-75% .
At present, evidence on FMT in IBD is not strong
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enough to recommend its use as part of routine
treatment. Preliminary results are promising and more
studies are needed to define the best indications,
optimal timing, frequency, mode of delivery, and the
[19]
most appropriate donor for each patient .

they are ineffective, and inappropriate, for maintenance
[17]
therapy .
In children with moderate-severe active luminal CD,
oral prednisolone is given at 1 mg/kg, with a maximum
of 40 mg/d, followed by a weaning course over 8-10
wk. Intravenous steroids may be initially needed for
severe disease and include methylprednisolone (1-1.5
mg/kg, maximum: 60 mg/d) and hydrocortisone (2-4
mg/kg per dose, maximum 100 mg/dose, four times a
[3]
day) .
Adverse effects like adrenal suppression, growth
failure, cosmetic and behavioural effects, are dependent
[3]
on dose and duration .
Budesonide (maximum of 12 mg/d, followed by
weaning course over 2-4 wk) is a topically acting
corticosteroid with high first pass hepatic metabolism,
[3,9]
which reduces the likelihood of adverse effects .
Budesonide is particularly recommended for patients
with mild to moderate CD involving the distal ileum and/
or right colon, as it has been shown to be non-inferior
to conventional oral steroids for inducing remission in
this specific group. It has also proved to be an effective
[9]
therapeutic option as enema formulation for distal UC .
There are currently three formulations of bude
sonide: two standard formulations including a controlledrelease capsule and a pH-dependent capsule both
designed to target the ileum and right colon; and a more
®
recent Budesonide-MMX capsule that releases the
[9]
drug throughout the entire colon .

AMINOSALYCILATES
5-aminosalicylic acid (mesalazine, 5-ASA) acts
topically on the gastrointestinal mucosa, with minimal
systemic effect. Even though its exact mechanism of
action is yet to be understood in its complexity, the
pathways that are known to be involved include the
blockade of IL-1 production and TNF-α receptor, the
inhibition of cyclooxygenase and 5-lipoxygenase, and
the blockade of the pro-inflammatory prostaglandin E2
and leukotrienes. On top of the inhibition of multiple
inflammatory pathways and the suppression of the
nuclear factor kappa B as a main result, aminosalicylates also possess potent anti-oxidant and free[4]
radical-scavenger properties . Amino-salicylates
are mainly used in the induction and maintenance of
[23]
remission in UC .
In CD, their use is no longer recommended in
view of limited efficacy. However, there are studies
suggesting a possible role in the postoperative main
tenance of remission, as well as in the subgroup of
children with mild, localised ileal disease. In addition,
adult studies suggest a protective role of 5-ASA in IBD
[23]
against colon cancer in patients with colonic location .
Given that sulfasalazine is not tolerated in 30%-40%
of patients, particularly slow acetylators, the use of its
therapeutically active component 5-ASA has led to the
development of new formulations, that deliver higher
concentrations of 5-ASA without the dose-limiting
side effects of sulfasalazine. A wide range of these
formulations is available and comprises pH-dependent
release coated drugs (targeting the ileum), timedependent release micro-granules enclosed within a
semi-permeable membrane of ethyl-cellulose (released
in the whole small and large intestine), and azo-bonded
[4]
formulations released throughout the colon .

THIOPURINES
Thiopurines are purine analogues used for the main
tenance of disease remission in patients with CD and
UC; they include the prodrug AZA and the antime
[25,26]
tabolite 6-MP
.
AZA is non-enzymatically degraded to 6-MP which is
then metabolised to its active component, 6-thioguanine
[8]
nucleotide (6-TGN) . 6-TGN inhibits the proliferation of
T and B lymphocytes, which results in a decrease in the
[8]
numbers of cytotoxic T cells and plasma cells .
These dugs are able to block the rapid cell proli
feration involved in inflammatory processes, which
[26]
results in immunosuppression .
For the treatment of IBD, thiopurines are used
at relatively low dosages, so their anti-inflammatory
effect is mainly produced by the inhibition of the
small GTPase Rac1, leading to apoptosis of activated
T-lymphocytes. When given at higher dosages, as in
oncological treatments, thiopurines mainly inhibit DNA
[26]
synthesis .
Thiopurines are steroid sparing agents and have
been proven effective maintenance treatment in
paediatric IBD: studies have shown significantly lower
cumulative steroid doses and relapse rates at 18 mo
in children on 6-MP compared with placebo (9% vs
[3,23]
47%) as well as a reduced need for surgery in CD
.
Recommended doses are 1.0 to 2.5 mg/kg per day for
[25]
AZA and 1 mg/d for 6-MP .

CORTICOSTEROIDS
Corticosteroids are used as first-line therapy for
induction of remission in UC, particularly in patients with
non-response to 5-ASA or with severe presentation,
as well as to induce remission in CD when EEN is not
[3,9,24]
possible
.
The mechanism of action of corticosteroids consists
in inhibiting protein synthesis and transcription,
which ultimately results in down-regulation of proinflammatory cytokines, such as NF-kappa B, TNF-α,
[9]
interleukin-1 and interleukin-6 .
Clinical remission rates for CD are up to 80%,
similarly to EEN, whereas MH rates are significantly
[3]
lower . Corticosteroids improve rapidly and effectively
the signs and symptoms of disease in CD, however
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Thiopurines are also used effectively to maintain
surgically-induced remission in CD, even though a
[8]
systematic review by Gordon et al pointed out that
the results for efficacy outcomes between thiopurines
and 5-ASA in this group of patients are uncertain.
Testing the activity of the enzyme thiopurine-Smethyltransferase (TPMT) is recommended to guide
[26]
thiopurine dosing avoiding adverse events .
Genetic polymorphisms in the TPMT gene are
associated with a reduced enzymatic activity and an
[23]
increased production of the active metabolites TGNs .
A large prospective study with 1000 individuals
established TPMT activity reference intervals, with
normal activity associated with a level ≥ 25 nmol/h
[27]
per gram Hgb .
According to the current data available, 1 in 300
patients have a very low to absent TPMT activity
(homozygous mutant TPMT), 11% have intermediate
TPMT activity (heterozygous) and 89% have normal to
[27]
elevated activity (homozygous wild type TPMT) .
The use of thiopurines is limited by an extensive
spectrum of adverse events in up to almost half of
patients, particularly within the first twelve months
of treatment. Adverse effects include myelotoxicity,
hepatotoxicity, pancreatitis and gastrointestinal
[26]
complaints .
Measuring TPMT activity levels (phenotype) or
determining TPMT genotype before initiating thiopurine
therapy, is recommended by the FDA to limit the
[27]
likelihood of side effects . However, it still remains
possible to develop significant myelotoxicity despite
normal TPMT activity.
The use of TPMT activity and 6-TGN level monitoring
has the potential to avoid nearly a quarter of episodes
[27]
of myelosuppression . In addition, 6-TGN monitoring
is helpful to detect non-compliance, under-dosing, and
[27]
drug resistance or refractory states .
Blood levels of thiopurine metabolites correlate
with the efficacy and toxicity of these drugs as
8
follows: TGN levels higher than 235 pmol/8 × 10
red blood cells reflect an adequate therapeutic level,
whereas methyl mercaptopurine nucleotides levels
8
above 5700 pmol/8 × 10 red blood cells are indicative
[23]
of hepatotoxicity .
AZA or 6-MP can be started at the full recommended
dose of 2-2.5 mg/kg per day or 1-1.5 mg/kg per day,
respectively, in patients with normal to high TPMT
activity level. Patients with an intermediate TPMT
activity should start, instead, with a daily dose reduced
by 30%-70%. Alternative therapy should be offered
to individuals with low or absent TPMT activity, or they
should be started at 10% of the suggested dosing,
[27]
given three times per week .
The results of a recent retrospective study by
[27]
Benmassaoud et al
evaluating the safety and
efficacy of starting thiopurines at low dose vs full dose
in adult patients with CD and normal TPMT, suggest
that AZA should be started on full dose in patients
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with normal TPMT, rather than starting on a lower
dose and increasing slowly. This is mainly due to the
fact that patients with normal TPMT level may still
be exposed to side effects that are unrelated to the
[27]
enzymatic activity . Overall, almost half of the adults
treated with thiopurines discontinue their treatment
[26]
due to ineffectiveness or intolerance . It has been
hypothesized that prescribing thioguanine (TG) therapy
instead of AZA/6-MP reduces the release of potentially
toxic metabolites, as its metabolism is less complex
with a more direct conversion to the therapeutically
[1]
active metabolite 6-TGN .
[1]
In a systematic review, Meijer et al describe how
TG therapy can represent a valuable option in adult IBD
patients intolerant to conventional thiopurine therapy,
with efficacy in 65% of patients and short term adverse
events in 20%. However, TG is currently only used as
experimental or rescue therapy and should not be used
[1]
outside highly controlled situations . Thiopurines and
amino-salicylates are often used in combination in the
[23]
treatment of IBD .
An increase in mean TGN blood levels has been
reported in patients on concomitant treatment with
thiopurines and 5-ASA. Moreover, a higher rate of
myelotoxicity was observed in this group of patients
compared with those treated with the thiopurine
[22]
alone . A plausible explanation comes from in vitro
studies showing that amino-salicylates and their
metabolites can inhibit the activity of TPMT, even
though this observation has not been yet replicated in
[23]
vivo .
The enzymes N-acetyltransferases (NAT1 and
NAT2, EC 2.3.1.5) are responsible for the N-acetylation
of multiple drugs including the amino-salicylates.
Subjects are classified as rapid, intermediate or slow
acetylators based on the activity of NAT1 and NAT2
[23]
that is genetically determined .
[23]
Stocco et al
evaluated the variation of the
level of TGN after 5-ASA cessation and the role of
genetic polymorphisms of NAT 1 and 2, in a group of
12 children recruited at two tertiary level paediatric
gastroenterology units (6 CD and 6 UC) (Table 1).
Rapid acetylators with NAT1 genotypes were found
to have reduced TGN concentration, and the effect of
NAT1 activity on TGN persisted up to one month after
discontinuation of the 5-ASA. NAT2 polymorphism,
instead, did not produce any effect. These results,
though limited by the small number of patients, show
that the NAT1 genotype affects TGN levels in patients
treated with thiopurines and 5-ASA and it may
therefore impact on the efficacy and toxicity of these
[23]
drugs (Table 1).

MTX
MTX, a dihydrofolate reductase inhibitor, has long been
used effectively to treat rheumatoid arthritis until it
was brought into the field of IBD to treat patients with
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refractory CD. Nowadays, it has become one of the
principal alternatives to thiopurines as maintenance
[28,29]
treatment
.
2
Efficacy of MTX, given at 15 mg/m once a week
for a maximum of 25 mg/wk subcutaneously, is
reported as 50%-80% by retrospective cohort studies
in children who failed to respond or were intolerant to
[3]
thiopurines . MTX is a first-line treatment option in
patients who have concomitant inflammatory arthritis
and it represents a valuable alternative to maintenance
[3,29]
treatment with anti-TNF
. Adverse events associated
with MTX include flu-like symptoms, transaminitis and,
less frequently, myelosuppression, which may require
[3]
dosage adjustment or drug withdrawal . Nausea
and vomiting have been reported in 11%-24% of
patients, the majority of whom respond to antiemetic
medication. Significant hepatocellular liver disease is
[3]
rare. Contraception is essential .
Systematic reviews performed by MacDonald JW
[29]
and by Patel et al
to assess the efficacy and safety
of MTX for the treatment of active refractory CD in
adults, show that intramuscular MTX is effective in
inducing remission and acts as a steroid sparing agent
[28,30,31]
allowing complete withdrawal from steroids
.
Lower dose oral MTX does not appear to provide
any significant benefit in respect to placebo or active
[28,31-33]
comparator
. Though limited by the small size of
the studies analysed, this review could not identify any
additional benefit from combining MTX and IFX over
[28,31]
IFX monotherapy
.

the subgroup of patients achieving MH show decreased
[18]
rate of surgeries and hospitalizations .

IFX

IFX is a chimeric monoclonal antibody and was the
first biologic approved for the treatment of moderate
[34]
to severe paediatric CD . The advent of biological
therapies has drastically modified the treatment
strategies and disease course of IBD in children and the
role of IFX and ADA in the management of paediatric
IBD was recently updated in the Consensus guidelines
[6]
of ECCO/ESPGHAN . In CD, anti-TNF therapies are
currently well established in moderate to severe disease
with lack of response to conventional therapy including
corticosteroids and immunomodulators, or with con
[34]
traindications or intolerance to it . Anti-TNF agents are
also used as a primary induction option for children with
active perianal fistulising disease, in combination with
targeted surgical intervention, as well as in children at
[3,20]
risk of poor outcomes (top-down treatment)
. One
year response and remission rates for IFX in luminal
disease are reported as up to 90% and 55%-60%
[35,36]
respectively
. Repeated administration of IFX can
lead to immunogenicity in some patients, with possible
[34]
loss of efficacy and delayed-type hypersensitivity .
A low proportion of children with CD (10%-25%) are
primary anti-TNF non-responders, i.e., they fail to
respond after the 6 wk induction course. More commonly,
however, the formation of antibody against the drug
over time can result in secondary loss of response.
Concomitant treatment with either thiopurines or
[3]
MTX has been shown to contain this process . A key
step in managing IFX therapy over the more recent
years is the increasing availability of therapeutic drug
monitoring (TDM), that has improved response rates
and has become a most effective tool for the manage
[37]
ment of secondary failure to IFX .
Increasing evidence has shown that trough IFX
concentrations < 3 mg/mL during maintenance
therapy are associated with treatment failure. Also,
children with lower albumin levels have higher IFX
[38]
clearance and lower drug exposures . Therefore,
standard IFX maintenance dosing of 5 mg/kg every
8 wk may not be adequate for all children with CD
to achieve sufficient concentration level and thus
minimise loss of response (Table 1). Unfortunately,
patients who don’t respond to one anti-TNF are more
[39]
likely to also fail a second agent . Researchers
hypothesized that a combination therapy of an antiTNF antibody and another immunomodulator (i.e.,
thiopurines or MTX) will increase the efficacy and
[40]
reduce the risk of loss of response .
There are several adult trials showing higher
treatment efficacy (especially for induction of remission)
in patients receiving combination therapy. In particular,
concomitant immunomodulators increase IFX levels
[40]
and reduce immunogenicity . On the other hand,
combination therapy in adults exposes patients to the

BIOLOGICS AND BIOSIMILARS
TNF is produced by macrophages, adipocytes, fibroblasts
and T cells and acts as a pleiotropic, pro-inflammatory
cytokine by triggering a cascade of events that lead to
[5,7]
tissue damage .
IFX, ADA and other anti-TNF agents act by su
ppressing downstream pathways mediated by TNF
including angiogenesis, increase in T-helper cell 1 (Th1)
cytokine production (interleukin-12 and interferon-γ),
death of intestinal epithelial cells and T-cell resistance
[5]
to apoptosis .
Anti-TNF medications are able to achieve and
maintain MH, with growing evidence of a change in the
natural history of the disease. Importantly, as opposed
to a few years ago when clinical response and remission
were the main goals in treating patients with IBD, MH
has recently been emphasized as a stronger therapeutic
goal, as it predicts sustained clinical remission.
Therefore, a new concept of “deep remission” has
been coined, including MH alongside clinical and/or
[18]
biochemical remission . Also thiopurines and EEN
with polymeric diet have been previously reported to
achieve MH, albeit less rapidly and to a lower degree
[18]
than biologics . According to the studies performed
on adult populations, scheduled maintenance therapy
with IFX maintains MH in up to 68% of patients, and
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individual toxicity of both drugs and also seems to
[40]
increase the risk of malignancy . In paediatric IBD, the
safety of combined treatment has been questioned after
several cases of hepatosplenic T-cell lymphoma (HSTCL)
in young patients with IBD so treated were reported.
[40]
Nevertheless, a review by Cozijnsen et al
points
out that almost all studies in paediatric patients with
IBD have failed to prove increased benefit from
combination therapy compared to monotherapy. Given
the controversial aspects above, the Authors suggest to
target the use of combination therapy to children with a
high risk of serious disease-related complications, such
as growth delay, stricturing or fistulising CD phenotype,
[40]
or panenteric CD .
In order to assess the risk of malignancies asso
ciated to immunosuppressive treatments in IBD, a
retrospective multinational survey of malignancy and
mortality in paediatric IBD was conducted over a 6
years period (2006-2011) by the Porto Pediatric IBD
[41]
working group of ESPGHAN . The most common
malignancies identified were hematopoietic tumors
(n = 11), of which 3 were HSTCL and 3 Ebstein-Barr
[41]
virus-associated lymphomas . These 6 patients
had all been treated with thiopurines until diagnosis
of cancer and only 1 patient had also received 3 IFX
[41]
infusions, 5 years before the diagnosis of cancer . All
3 patients who developed HSTCL were males and had
exposure to thiopurines ranging from 32 to 108 mo;
[41]
none of them received a biologic .

concentration and clinical remission/response to
[24]
treatment . Higher body weight, baseline CRP, and
lower baseline albumin levels were associated with
[7]
greater clearance of ADA (lower trough levels) .
Previous treatment with other anti-TNF therapy,
presence of antibodies to previous IFX therapy, and
absence of concomitant use of immunomodulators
were also associated with increased clearance of
[7]
ADA . According to the published experiences from
tertiary centres, in anti-TNF antibody naiive children
[42]
the 1 year remission rate for ADA is 45% , and its
efficacy has been documented in nearly two-thirds of
[33]
patients who failed IFX . A retrospective study was
[33]
conducted by Fumery et al who used the populationbased EPIMAD registry to evaluate the effectiveness
and safety of ADA in children with CD experiencing IFX
failure (Table 1).
Twenty-seven children with CD who received ADA
before 18 years because of IFX failure or intolerance
were included. Clinical response measured by the
physician global assessment score after a median
follow-up of 16 (8-26) mo was observed in 19 patients
(70%). Cumulative probability of failure to ADA
treatment at 6 mo and 1 year was 38% and 55%,
respectively. Overall, the results from this populationbased cohort of paediatric-onset CD with IFX failure
show that treatment with ADA was safe and effective
in two-thirds of patients. More specifically, ADA was
effective in 100% of children intolerant to IFX, 68%
of children with secondary failure to IFX, and only
[33]
25% of children with primary failure to IFX . A
systematic review on the same topic was performed
[34]
by Dziechciarz et al . Who assessed the published
evidence on the efficacy and safety of ADA for CD in
children (Table 1).
Randomised controlled trials and observational
studies (cohort studies, case series of more than
5 patients) were included. A total of 14 studies (1
randomised controlled trial, 13 case series), altogether
including 664 patients (age range 1.9-21 years) were
available for analysis. The pooled remission rates were:
30% at 4 wk, 42% at 6 mo and 44% at 12 mo. Of the
total patients, 6% were primary non-responders and
12% had severe adverse events reported. However,
studies differed with respect to patients’ characteristics,
including percentage of IFX-naïve patients, disease
duration, disease localisation, ADA doses, treatment
[34]
duration, and follow-up period .
The Authors’ conclusion, though limited by the
low-quality evidence based mainly on case series, is
that approximately half of the children with CD on
ADA therapy achieve remission during the first year of
[34]
treatment with reasonable safety profile .

ADA

ADA is a fully human IgG1κ monoclonal antibody which
is similar to IFX in the mode of action, but it differs
from it as the mouse-derived sequence is removed, in
order to reduce the immunogenic reactions induced by
[23,34]
chimeric antibodies
. ADA is therefore to consider
as an alternative treatment option in patients who
have lost response or are intolerant to IFX, or in some
[34]
primary non-responders to IFX .
ADA was recently approved in Europe and the
United States for the treatment of paediatric patients
with CD, based on the results from the IMAgINE-1
[7,42,43]
study
.
IMAgINE-1 study is a phase-3, randomized, double[7]
blind study conducted by Sharma et al aimed to
analyse the PK of ADA in a paediatric CD population (n
= 192), and to evaluate the effect of various factors,
including demographics (body weight, sex), laboratory
measurements (CRP, albumin), previous IFX use,
concomitant immunomodulators, and baseline PCDAI,
on ADA PK in paediatric patients with moderate-tosevere CD (Table 1). Furthermore, the relationship
between serum ADA concentration and remission/
[24]
response was explored .
Trough serum ADA (measured at 5 time points from
baseline up to 52 wk) and serial anti-ADA antibody
measurements were performed. The study confirmed
a strong positive association between serum ADA
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Vedolizumab

Vedolizumab is a recent biologic treatment, approved
for adult patients with IBD in 2014. It is an anti-integrin
therapy that blocks the a4b7 integrin receptor molecule
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present on the surface of lymphocytes, and thus inhibits
the migration of intestinal T-lymphocytes into the
[39,44,45]
tissue
. As this mechanism of action is restricted
to the gastrointestinal tract, the risk of systemic
immunosuppression (i.e., infections and malignancies)
[39]
seen with other IBD therapies is mitigated .
Its predecessor, natalizumab, acts with a nonspecific binding to the a4 chain which causes
interference with the lymphocyte trafficking in the
central nervous system and led to the concern for
reactivation of John Cunningham (JC) virus and
subsequent development of progressive multifocal
[45]
leukoencephalopathy (PML) . Vedolizumab, being gut
specific, does not interfere with immune surveillance
in the central nervous system, therefore there is no
risk of PML as assessed by the placebo-controlled
[44]
GEMINI studies . Anti-adhesion therapy appears to
have a favourable safety profile, though the experience
[17]
in children is still extremely limited . Due to its
mechanism of action of targeting gut-specific T-cell
interactions, it is thought that Vedolizumab may not
sufficiently treat the extra-intestinal manifestations of
IBD. A dual therapy with therapeutic doses of immunesuppressants may therefore be needed to treat extra[39]
intestinal manifestations . So far, Vedolizumab has
been particularly effective amongst UC patients, with a
[39]
clinical response rate of 50% during induction . Whilst
the use of Vedolizumab has been approved for the
treatment of CD and UC in adults, there is increasing
[44]
off-label use in paediatric IBD .
[44]
Singh et al
conducted a retrospective review
to describe the experience with Vedolizumab in 52
children with IBD (58% CD and 42% UC) at 3 tertiary
IBD centres and to examine predictors of remission.
Ninety percent of the patients had failed at least one
anti-TNF agent. Week 14 remission rates for UC and
CD were 76% and 42%, respectively (P < 0.05). At
week 4, eighty percent of anti-TNF-naive patients were
in remission. At week 22, anti-TNF-naive patients had
higher remission rates than those previously exposed
to anti-TNF (100% vs 45%, P = 0.04). There were no
safety concerns.
These results support Vedolizumab as an effective
and safe treatment in children with IBD, with UC
patients experiencing earlier and higher rates of
remission than children with CD. Also, the data
reviewed shows that anti-TNF-naive patients had higher
remission rates compared to those with previous anti[44]
TNF exposure .
[39]
Conrad et al
conducted an observational singlecentre prospective cohort study aimed to determine
the impact of Vedolizumab on clinical response and on
achieving steroid-free remission over 22 wk of therapy.
They recruited 21 children with refractory IBD (16 with
CD), who had previously failed anti-TNF therapy.
Clinical response was observed in 31.6% and
in 57.9% by week 6 and by week 22, respectively.
Steroid-free remission was seen in 1 patient at week
6 and in 4 (20%) at week 22. No infusion reactions
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were observed. Vedolizumab was discontinued in 2
patients because of severe colitis, requiring surgical
[39]
intervention . These results, though limited by the
small sample size, describe a number of children with
severe disease who achieve clinical response in the
first 6 wk and a further increase in remission rate by
[39]
week 22 . Overall, the data currently available on
Vedolizumab from adult and paediatric studies suggests
its use as an option to achieve clinical improvement in
the most severe paediatric IBD patients (both CD and
UC).

Biosimilars

Biosimilars are defined as biological agents that are
highly similar to another reference drug already
[37,46]
authorized for use
. This definition also implies that
the quality, safety and efficacy of the biosimilar should
not be affected by any molecular and/or structural
dissimilarities or any potential differences in the
[37]
underlying mechanisms .
Despite keeping the same aminoacid sequence
as their reference drug, biosimilars end up being a
different final product due to manufacturing process
(including cell line, growth condition and purification
processes), storage and transport, and subsequent
various post-translational modiﬁcations (e.g., glyco
[37]
sylation, phosphorylation, sulfation) . Therefore,
some uncertainty still exists regarding the exact
drug efficacy, immunogenicity and pharmacology of
biosimilars in IBD.
In 2013, the EMA authorized two IFX biosimilars,
based on two randomized trials on CT-P13 (clinical
development name for the biosimilar of Remicade):
Remsima (Celltrion Inc., Incheon, South Korea) and
Inflectra (Celltrion Inc., Hospira UK Ltd). Because
both trials showed equivalent efficacy, tolerance and
safety, EMA extended the approval to all indications
for which the reference product is labelled, including
[37,46]
both adult and paediatric CD and UC
. At present,
a number of IFX biosimilars are licensed for treatment
of CD and UC also in the paediatric population.Cost
containment remains one of the predominant reasons
for development of biosimilars, with a reduction in
[37]
costs of anti-TNF therapy for IBD by up to 70% .
[46]
Sieczkowska et al conducted a prospective study
on 32 children diagnosed with CD and 7 children with
UC at 3 academic hospitals in Poland; these patients
were switched from IFX originator to its biosimilar
(Remsima) (Table 1). Analysis of biosimilar efficacy
revealed rates of clinical remission of 88 and 57% for
CD and UC patients, respectively, so, in conclusion,
switching from IFX originator to its biosimilar was a
safe option in this cohort and after the switch, the
[46]
biosimilar was just as effective as the originator .
To date, preliminary results on CT-P13 in IBD are
only available from small post-marketing registries
and case series with a relatively short-term followup period. Although this data suggests comparable
efficacy and safety to IFX, more robust post-marketing
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studies and pharmacovigilance are warranted to
evaluate the bioequivalence of CT-P13 in the coming
[37]
years . In Europe, at present, in order to switch
patients with IBD from IFX originator to its biosimilar,
the supervision of the treating physician and the
[46]
patient’s consent are both required .

and UC (Table 1). In their CD trial, they randomized
52 children to receive thalidomide or placebo; almost
all patients had not responded to thiopurines, and
about 35% had also not responded to biologics. The
majority of children had luminal disease and few had
perianal disease. Although no significant response was
noted at 4 wk, by 8 wk 46% of children treated with
thalidomide had a reduction in their PCDAI greater than
75%, compared with 12% amongst patients treated
[49]
with placebo .
Their UC trial enrolled 26 children with active
UC who were randomized to receive thalidomide
or placebo. All patients had active disease despite
thiopurines, and about 35% had received previous IFX
treatment. The UC children treated with thalidomide
achieved higher remission rates at 8 wk (83% vs 19%
[50]
for placebo) than those in the CD trial .
Both trials showed that thalidomide does not work
quickly, as there were no significant differences between
placebo and thalidomide at 4 wk, whereas major
[49,50]
differences were seen by 8 wk
. These trials also
support the use of Thalidomide as a maintenance agent
in cases of refractory CD or UC, for example patients
[49,50]
with secondary loss of response to biologics
.
Another more recent systematic review conducted by
[47]
Bramuzzo et al
analysed 722 papers, including two
randomized controlled trials and 29 uncontrolled studies
for a total of 489 patients, 135 (28.4%) of whom were
children.
Overall, thalidomide appeared to be a promising
therapy for IBD: induction of clinical remission was
achieved in 51.4% of cases, and in 69.3% a clinical
response was observed in the first months of treatment.
In almost 50% of the cases in which endoscopy was
performed, complete MH was observed and a further
15% of patients showed an improvement in their
[47]
endoscopy score . IBD remission was maintained in
[47]
72.2% after 12 mo and in 54.5% after 2 years .
Adverse events leading to drug suspension had a
cumulative incidence of 19.7/1000 patients-month,
[48]
with neurological symptoms being the main cause .
This review highlights that thalidomide is an effective
alternative in patients who fail biologic treatment,
which is most likely due to the different mechanism of
[47]
action of Thalidomide compared to anti-TNF agents .
Careful precautions must be taken to avoid its use
in pregnant women. No case of teratogenicity has
been observed in 124000 patients enrolled in the
thalidomide distribution risk management program for
[49,50]
more than 6 years
. Other reported side effects of
thalidomide include peripheral neuropathy (clinical or
subclinical, primarily with axonal damage) followed
by sedation, constipation, mood disturbances, skin
rash, pedal oedema, neutropenia and deep vein
[5,48]
thrombosis
.

THALIDOMIDE
Thalidomide is an immunosuppressant drug used
[47]
rarely in the treatment of refractory CD and UC .
Its mechanism of action includes several pathways
such as inhibition of TNF, IFN-γ and IL-12, stimulation
of IL-4 and IL-5 production and, more broadly, a shift
in the pattern of lymphocyte cytokine from a Th1
[5]
(IFN-γ, IL-12) to Th2 (IL-4, IL-5) type . Thalidomide
also interferes with integrin expression, decreases
[5]
circulating helper T-cells and inhibits angiogenesis .
After its suspension due to major teratogenic effects,
thalidomide has been more recently re-introduced
under FDA approval as an effective treatment for
multiple myeloma and severe erythema nodosum
leprosum. It is also extensively used off-label for
immune-mediated and neoplastic conditions like discoid
lupus erythematosus, erythema nodosum leprosum,
Behcet’s syndrome, aphthous stomatitis, juvenile
idiopathic arthritis, brain tumors, graft-vs-host disease
[5,18,48]
and IBD
.
Thalidomide is used infrequently in the management
of paediatric CD, nevertheless it represents a helpful
option in treating children who lose response to one or
more conventional agents such as thiopurines, MTX,
[48]
and anti-TNF .
Thalidomide (administered from 50 to 400 mg/d
[47]
in adults and 1.5 to 2.5 mg/kg per day in children )
has been shown to induce clinical remission and
[48]
[5]
possibly MH . A systematic review by Yang et al
selected twelve studies (2 RCTs and 10 case series)
where thalidomide was used to induce remission in
248 patients with IBD of all age groups (10 with UC,
238 with CD), 92 of whom were children. Remission
rate was 49% and 25%, in adult luminal and perianal
CD respectively. In adults with UC, 50% achieved
remission and 10% had a partial response. One
case series reported 21 patients (17 CD, 4 UC) who
[5]
maintained remission for 6 mo . Amongst the adverse
effects associated with thalidomide and reported in this
review, the most common was sedation, in 32.3% of all
patients, followed by peripheral neuropathy in 19.8%
[5]
which was also the main cause of discontinuation .
Amongst the studies in this review, one high quality
RCT showed that thalidomide is effective in inducing
[49]
remission in paediatric CD . Based on the evidence
reviewed and given the limited data available, the
Authors support the use of Thalidomide in the most
severe cases of IBD for induction or maintenance of
[5]
remission .
[49,50]
Lazzerini et al
conducted randomized placebocontrolled trials of thalidomide in both paediatric CD
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STUDIES ON NEW TREATMENTS
New biologics and other agents are being tested
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in phase Ⅱ and Ⅲ trials on adult patients with IBD
and are therefore on the horizon within the field of
paediatric gastroenterology as well. Examples are
the IL-23 inhibitor risankizumab and the IL 12- IL 23
inhibitor ustekinumab. Drug therapies that interfere
selectively with lymphocyte trafficking are also
[11,51]
emerging treatment options for UC
. Etrolizumab
is a humanized monoclonal antibody against the b7
integrin subunit that acts by reducing the homing of
leukocytes to the gut mucosa and the retention of
[11]
lymphocytes in the epithelium . It has recently been
tested in a phase 2 study showing efficacy in patients
[11]
with moderate to severe UC, compared to placebo .
Levels of granzyme A (GZMA) and integrin aE (ITGAE)
mRNAs in colon tissues can identify patients with UC
[11]
who are most likely to benefit from etrolizumab
(Table 1).
Another agent recently developed is Ozanimod
(RPC1063), an oral agonist of the sphingosine-1phosphate receptor subtypes 1 and 5 that induces
sequestration of peripheral lymphocytes, and as a
consequence a decrease in the number of activated
[51]
lymphocytes circulating to the gastrointestinal tract .
Its agonists induce internalization and degradation of
the S1P1 receptor, which makes B and T lymphocytes
incapable of migrating from secondary lymphoid
organs, with subsequent reduction in circulating
[51]
lymphocytes . Being an oral formulation, Ozanimod
represents an alternative to infusions of monoclonal
antibodies for the treatment of UC, with no risk of
sensitization and formation of antidrug antibodies. On
the other hand, this product can be less selective than
monoclonal antibodies, which may expose to adverse
[51]
effects .
[51]
Sandborn et al
performed a double-blind,
placebo-controlled phase 2 trial of Ozanimod in 197
adults with moderate-to-severe UC. Clinical remission
at 8 wk was observed in 16% of the patients who
received 1 mg of Ozanimod and in 14% of those who
received 0.5 mg, as compared with 6% of those who
received placebo (P = 0.048, P = 0.14, respectively)
(Table 1).
At week 32, the rate of clinical remission was 21%
in the group that received 1 mg of Ozanimod, 26% in
the group that received 0.5 mg of Ozanimod, and 6%
in the group that received placebo; the rate of clinical
[51]
response was 51%, 35%, and 20%, respectively .
At week 8, absolute lymphocyte counts dropped by
49% from baseline in the group that received 1 mg of
Ozanimod and by 32% from baseline in the group that
[51]
received 0.5 mg . The most common adverse events
[52]
overall were anemia and headache .
From this preliminary trial, the Authors conclude that
Ozanimod at a daily dose of 1 mg is more effective than
placebo in inducing clinical remission of UC. However,
complete assessment of clinical efficacy and safety could
not be achieved by this trial due to limitations in size
[51]
and duration . Another monoclonal antibody recently
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investigated is the anti-natural killer group 2 member
D (NKG2D), which acts by antagonising the human
immunoglobulin G4 that binds to NKG2D receptors.
The interaction between intestinal epithelial cells
and T-cells in the gut mucosa has a key role in T-cell
regulation. NKG2D receptors are expressed by T
cells and innate lymphoid cells, and exhibit proinflammatory properties. Upregulated NKG2D ligands
on epithelial cells in the inflamed tissue of patients with
IBD may activate the proliferation of several subsets of
effector T-cells, leading to increased production of pro[52]
inflammatory cytokines and enhanced cytotoxicity .
Previous trials have demonstrated an increase in
effector T cells as well as in the expression of NK
[52]
receptors on T cells in patients with CD . Also,
neutralising anti-NKG2D antibodies have been shown
to reduce inflammatory-induced colitis in murine
[52]
models .
[52]
Allez et al
performed a randomised, doubleblind, parallel group trial of a single subcutaneous dose
of 2 mg/kg anti-NKG2D or placebo in 78 adult patients
with active CD (Table 1).
Change in CDAI from baseline to week 4 was
the primary end-point, and was not found to differ
significantly between anti-NKG2D and placebo;
however, a significant difference was observed by
[52]
week 12 (P ≤ 0.10) . The group of patients who
hadn’t previously failed biologics and were treated
with anti-NKG2D (n = 28) showed the most significant
improvement from week 1 onward. Most adverse
events were mild (49%) or moderate (43%). No
[52]
antidrug antibodies were detected .
Based on the results of this trials, the Authors
conclude that a single s.c. dose of 2 mg/kg anti-NKG2D
did not reduce disease activity at week 4, but it showed
significant response rate at week 12. Therefore, there is
evidence to consider further investment in anti-NKG2D
[52]
in IBD .

DISCUSSION
Though major progress has been achieved in treating
IBD patients of all ages, there are still significant
limitations in what is currently available to manage
this condition. The advent of new biologics and other
medications targeting pathways previously unexplored
(e.g., leukocyte trafficking through the gut mucosa)
has provided clinicians with more hope for patients who
fail to respond to current treatments. Nevertheless,
whilst the causative mechanisms underlying IBD are
not yet fully understood, treatment options can only
target downstream components of this inflammatory
chain.
IBD, and CD in particular, are difficult to categorise
as distinct disease entities, as the spectrum of its
clinical phenotype is very broad and variable, with mild
disease responding to standard treatments, and severe
disease often developing to structuring or penetrating
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Table 2 Summary and take home messages
1. The pathogenesis of IBD is not completely understood yet, and all therapies currently available are aimed at downstream steps of the complex
inflammatory process. Specific targets when treating children with IBD are achieving satisfactory growth and nutritional status.
2. Paediatric pharmacometric approaches are increasingly applied to drugs already in use but that remain unlicensed and off-label in children due to
missing information on age appropriate dosing, efficacy and safety.
3. Corticosteroids can be used to induce remission in CD (when exclusive enteral nutrition is not possible) and are first-line therapy for induction of
remission in UC, particularly in case of non-response to 5-ASA or with severe presentation.
4. One of the targets of current research is to customise therapy to a patient’s predictive biomarker profile in order to personalise treatments and to
maximise response.
5. 5-ASA are used in induction and maintenance of remission in UC. They are not recommended in CD except from post-operative maintenance of
remission.
6. Thiopurines include AZA and 6-MP and are steroid sparing agents. They are effective in maintaining disease remission in patients with CD and
UC as well as post-surgical remission in CD. The use of TPMT activity and 6-TGN level measurements helps avoiding nearly a quarter of episodes of
myelosuppression as well as to monitor non-compliance, under-dosing, drug-resistance or refractory state.
7. An increase in mean 6-TGN blood level has been reported in patients on 6-MP or AZA co-treated with 5-ASA, with a higher rate of myelotoxicity in
respect to patients treated with the thiopurine alone.
8. MTX is effective in 50%-80% of the children who fail to respond or are intolerant to thiopurines. It is particularly suitable to patients who have
coexistent inflammatory arthritis.
9. In CD, anti-TNF agents are used to treat moderate to severe disease with inadequate response, or contraindication to, or intolerance to, conventional
therapy including corticosteroids and immunomodulators. They are also indicated in children with active perianal fistulising disease. Therapeutic drug
monitoring of IFX has improved response rates and is increasingly used in clinical practice as a tool for the management of secondary failure to IFX.
10. ADA is a fully human IgG1k monoclonal antibody, which represents a treatment option in patients who have lost response or are intolerant to IFX.
ADA achieves remission rates of 45% at 1 yr in anti-TNF naïve children and is effective in nearly 2/3 of patients with IFX failure.
11. Vedolizumab is an anti-integrin therapy which inhibits the migration of intestinal T lymphocytes. The mechanism of action of Vedolizumab is
restricted to the GI tract, mitigating the risks of systemic immunosuppression such as infections and malignancies. The clinical response rate for
induction with vedolizumab is 50% in UC patients. Vedolizumab is approved for treatment of CD and UC in adults and there is increasing off-label use
in children.
12. Thalidomide is an immunosuppressant drug used infrequently off-label in the treatment of refractory CD and UC. Induction of remission is achieved
in aroud 50% cases and clinical response in 70%.
13. Drug therapies that interfere selectively with lymphocyte trafficking (e.g., etrolizumab, ozanimod) are emerging treatment options for UC.
UC: Ulcerative colitis; IBD: Inflammatory bowel disease; ADA: Adalimumab; IFX: Infliximab; TPMT: Thiopurine methyl transferase; 5-ASA:
Aminosalicylates; CD: Crohn’s disease; 6-MP: 6-mercaptopurine; AZA: Azathioprine; MTX: Methotrexate; GI: Gastrointestinal.

phenotypes that require surgery, despite the use of
[53]
multiple treatment escalations . Once significant
chronic bowel damage occurs in IBD, the chances of
recovery with medical treatments alone are limited.
Therefore, the ideal treatment should be offered before
[53]
complications develop . Step-up and top-down
approaches have been debated for different risk groups
of children with IBD. The management of paediatric
IBD has evolved significantly over recent years with
evidence-based guidelines in place to provide uniform
and solid guidance in clinical practice. Nevertheless, a
long-term response is only observed in less than half
[3,52]
of the patients with CD
. Although new biologics are
continuously being developed, primarily monoclonal
antibodies targeting the trafficking of immune cells,
we certainly are in need of more therapies with novel
[52]
mechanisms of action . More significant advances
have been achieved in monitoring drug administration
and the response to medications, in particular the
clinical availability of AZA metabolites, IFX and ADA
trough levels and anti-IFX antibody measurements in
clinical practice (i.e., TDM). This has allowed a major
step forward in monitoring and targeting patients’
treatments with a more personalised approach.
Despite routine use of solid clinical scores (e.g.,
PCDAI, PUCAI) and biochemical parameters (bloodbased and stool-based), we are currently still de
pending on invasive reassessments (i.e., endoscopic
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procedures) for an adequate monitoring of the disease
course. One next goal on the horizon is therefore
the development of reliable biomarkers to be used
for prediction of prognostic outcomes in IBD. The
ability to stratify individual patients’ risk would allow
clinicians to personalise treatment from disease
presentation, tailoring more potent drugs (possibly
in combination) to patients with a high risk of severe
disease, using more standard options for patients
[53]
who are destined for a milder disease course . This
individualised approach requires reliable prognostic
biomarkers and hence major efforts are being made
in the development of such markers. Risk stratification
models would allow clinicians to treat patients effectively
before complications arise, and to optimise majorly the
management of patients with IBD as improve the cost
[53]
effectiveness of their care .

CONCLUSION
Our narrative review summarises some of the recent
advances in treating children with IBD (Table 2). Whilst
the mechanisms underlying this condition are yet
to be fully understood, both old and new generation
treatments can still only target known pathways of
what is a very complex pathogenesis. A significant
proportion of children with IBD does not respond to
currently available treatments, either at diagnosis
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or during disease course, therefore new treatment
options are urgently needed. Major advances have
been achieved in monitoring the individual metabolism,
toxicity and response to treatments in IBD. Amongst
the priorities in current research is the development
of reliable prognostic biomarkers, an essential step
towards the personalised treatment of patients with
IBD.
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Abstract
The last decade has witnessed a growing appreciation
of the fundamental role played by an early assembly
of a diverse and balanced gut microbiota and its sub
sequent maintenance for future health of the host. Gut
microbiota is currently viewed as a key regulator of
a fluent bidirectional dialogue between the gut and
the brain (gut-brain axis). A number of preclinical
studies have suggested that the microbiota and its
genome (microbiome) may play a key role in neuro
developmental and neurodegenerative disorders.
Furthermore, alterations in the gut microbiota com
position in humans have also been linked to a variety of
neuropsychiatric conditions, including depression, autism
and Parkinson’s disease. However, it is not yet clear
whether these changes in the microbiome are causally
related to such diseases or are secondary effects
thereof. In this respect, recent studies in animals
have indicated that gut microbiota transplantation can
transfer a behavioral phenotype, suggesting that the
gut microbiota may be a modifiable factor modulating
the development or pathogenesis of neuropsychiatric
conditions. Further studies are warranted to establish
whether or not the findings of preclinical animal ex
periments can be generalized to humans. Moreover,
although different communication routes between
the microbiota and brain have been identified, further
studies must elucidate all the underlying mechanisms
involved. Such research is expected to contribute to
the design of strategies to modulate the gut microbiota
and its functions with a view to improving mental
health, and thus provide opportunities to improve the
management of psychiatric diseases. Here, we review
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Most of the neuropsychiatric disorders are considered
as multifactorial disorders prompted by certain
environmental factors in genetically susceptible
individuals. However, there is a need of further work
to elucidate the exact complex gene-environment
interactions and gut microbiota alterations that
precede the onset of the different neuropsychiatric
diseases and their manifestations in order to decipher
the etiology of the neuropsychiatric disorders.
It is noteworthy that the microbiota is more
“medically” accessible and modifiable than the human
genome. This fact provides a promising opportunity for
[6]
preventing or treating neuropsychiatric conditions .
In this respect, studies in animal models, where the
intestinal microbiota can easily be manipulated, have
shed light on how the microbiota may be involved
in the development of certain mental diseases. In
fact, different communication routes between the
[7]
microbiota and brain have already been identified
although further studies are required to elucidate
the underlying mechanisms. Various studies also
indicate that the activity of the gut microbiota can
modify the host epigenome impacting on gene
[8]
expression ; furthermore, epigenetic mechanisms are
involved in neurogenesis, neuronal plasticity, learning
and memory, and in disorders such as depression,
[3]
addiction, schizophrenia and cognitive dysfunction .
Consequently, it has been suggested that gut micro
biota may be involved in the pathogenesis and risk
of developing neuropsychiatric disorders through
epigenetic modifications, which are highly dynamic
[3]
and reversible . Thus, it is tempting to speculate that
modulating the microbiota and its metabolic products
will enable us to modulate the epigenome and,
thereby, prevent or treat mental illness. In this respect,
metabolites produced by the microbiota from fiber
fermentation are known to inhibit histone deacetylases
(HDACs) and reduce inflammation through epigenetic
[9]
modifications .
Currently it is well accepted that our gut microbiota
is critical for brain processes such as myelination,
neurogenesis and microglial activation and can
effectively modulate behavior and influence psycholo
[10]
gical processes such as mood and cognition . Indeed,
very recently gut microbiota have been shown essential
for the maintenance of microglia in a healthy functional
[11]
state , which is necessary for the prevention of neuro
[12]
developmental and neurodegenerative disorders .
The early assembly of a well-balanced microbiota
composition and its subsequent maintenance is
considered crucial for human health as perturbations
negatively impact health and increase host sus
ceptibility to a wide variety of diseases, including
[3,4]
behavioral and neuropsychiatric disorders
. In
this respect, three critical time windows have been
proposed including infancy, adolescence and ageing,
when the gut microbiota is more vulnerable to external
[13]
influence . Therefore, strategies aiming to target the

the evidence supporting a role of the gut microbiota
in neuropsychiatric disorders and the state of the art
regarding the mechanisms underlying its contribution to
mental illness and health. We also consider the stages
of life where the gut microbiota is more susceptible to
the effects of environmental stressors, and the possible
microbiota-targeted intervention strategies that could
improve health status and prevent psychiatric disorders
in the near future.
Key words: Microbiota; Microbiome; Dysbiosis; Braingut axis; Mental health; Psychiatric conditions
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The gut microbiota has been revealed as
an additional regulator of the gut-brain axis, which
may be involved in many neurodevelopmental and
neurodegenerative disorders. The modulation of
this axis is currently being explored, targeting the
gut microbiota in endeavors to improve mental
health, especially in early and late life. So far, most
of our knowledge is based on animal trials, in which
interventions with pro and prebiotics have shown
promising results regarding efficacy. Nevertheless, we
require further understanding of how the microbiota
regulates gut-brain communication and function in
order to establish the rationale behind microbiotabased interventions.
Cenit MC, Sanz Y, Codoñer-Franch P. Influence of gut microbiota
on neuropsychiatric disorders. World J Gastroenterol 2017;
23(30): 5486-5498 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i30/5486.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i30.5486

INTRODUCTION
Research into the influence of human genetics on
numerous conditions, including neuropsychiatric
disorders, has been underway for many years;
however, the etiology of most of these conditions
has yet to be unraveled. As in other multifactorial
conditions, there is considerable discordance in the
development of neuropsychiatric disorders between
monozygotic twins, indicating that non-genetic
[1,2]
factors are also involved . Nowadays we know that
both the human genome and the genome of the gut
microbiota (microbiome) are essential for maintaining
health, since the latter also plays a crucial role in
regulating important aspects of host physiology,
[3,4]
including brain development and function . Indeed,
different studies have reported that gut microbiota
is able to shape brain physiology and thus behavior
through the gut-microbiota-brain axis and have
suggested gut microbiota as a key trigger factor in the
[5]
development of many neuropsychiatric conditions .
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Table 1 Preclinical evidences of the role of gut microbiota on behavior
Germ-free (GF) mice have shown impaired social behavior[39]
GF mice have displayed exaggerated stress response[21] and differences in anxiety-like behavior[22,23]
GF mice have showed crucial changes in multiple neurotransmitters and their receptors in different brain regions[23]
GF animals have exhibited an impaired neurogenesis[25] and structural and functional changes in the amygdala[26]
GF mice have shown prefrontal cortical hypermyelination[27]
Microglial function impaired in GF animals is rescued by the oral treatment with short chain fatty acids[11]
Gut microbiota has been shown to modulate brain-derived neurotrophic factor, oxytocin and vasopressin brain levels[20]
Different probiotic preparations for administration to rats and mice have shown to achieve a reduction in anxiety-like and depressive-like behaviors[6,58]

gut microbiota might have a greater impact at those
stages of life, i.e., newborn, adolescence and elderly
populations.
Many factors, including human genetics, influence
the gut microbiota composition; therefore the mi
crobiota constitutes a highly dynamic ecosystem, with
[14,15]
high inter-individual variability
and this indeed
hampers the understanding of the role of gut microbiota
in the etiology and progress of neuropsychiatric
diseases.
Nowadays, each adult individual is believed to
harbor a unique gut microbiota composition, as per
sonal as a fingerprint, and certain early life events may
be important contributors to the individual’s microbiota,
including mode of delivery, type of feeding, medication,
[15]
stress and infections . The critical gut microbiota
developmental period occurs in parallel to growth,
maturation and sprouting of neurons in the young
brain. In fact, childhood and adolescence represent
the most dynamic and vulnerable periods for both gut
[16]
microbiota composition and neuronal development .
Furthermore, although the symbiotic link between
the host and the microbiota seems to be established
early in life, the gut microbiota composition may still
experience changes in adulthood despite its greater
resilience to the effect of detrimental environmental
factors. Likewise, it is also well recognized that ageing
is associated with reduced microbial diversity and that
[17]
healthy ageing correlates with a diverse microbiota .
Furthermore, research shows that as we age there is a
decline in microbiota complexity parallel to a decrease
in neuronal complexity and, altogether, those changes
may lead to an increased risk of neurodegenerative
[18]
disorders . Nowadays, it is well recognized that the
onset of most of the neuropsychiatric disease really
often is close to a period where the gut microbiota
is more unstable and, therefore, at risk of suffering
microbiota alterations. Despite these findings, there is
currently a need for longitudinal studies in humans to
assess the impact of the gut microbiota dynamics on
the maintenance or decline of neurocognitive function
and to understand to what extent results in animal
[19]
models can be generalized to humans .
In this review, first we summarize the current
evidence for a role of the gut microbiota in brain
development and function, and also summarize the
state of the art on the different mechanisms involved.
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Thereafter, we provide an update on research into
specific neuropsychiatric disorders. We also refer to
the different stages of gut microbiota development
and maturation, identifying the periods where the
gut microbiota is more unstable and, therefore, at
greater risk of suffering microbiota alterations due
to exposure to stressors. Lastly, we briefly highlight
different microbiome intervention strategies that
might be implemented to improve the management of
psychiatric diseases.

MICROBIOTA, BRAIN DEVELOPMENT,
FUNCTION AND BEHAVIOR
To investigate the role of the gut microbiota in the gutbrain axis, numerous approaches have been taken
using animal models, including the study of microbiota
deficient animals, known as germ-free (GF) mice,
and of animals treated with antibiotics or with specific
bacterial species. Such studies have provided new
insights into how the microbiota is involved in regulating
[20,21]
brain development and function (Table 1)
.
Recently, different studies using GF mice have
demonstrated that animals completely lacking
microbiota have impaired social behavior, as well as
other types of behaviors such as anxiety and stress
[22-24]
response
. Furthermore, it has been observed
that certain behaviors induced by the absence of gut
microbiota correlate with neurochemical changes in the
[24]
brain . Said studies have also shown crucial changes
in multiple neurotransmitters and their receptors in
different brain regions of GF mice. Moreover, the ability
to transfer behavioral traits using fecal microbiota
transplantation has also been demonstrated, suggesting
that some microbiota changes could be rather a cause
[25]
than a consequence of behavioral alterations .
Recent data obtained using GF animals have shown
that neurogenesis, a process that plays a critical role in
modulating learning and memory, is also regulated by
[26]
the microbiome . Furthermore, the gut microbiota is
reported to modulate structural and functional changes
in the amygdala, a critical brain area for social and
fear-related behaviors, which are associated with a
[27]
variety of neuropsychiatric disorders .
Another aspect of neurodevelopment shown to
be critically regulated by the microbiome is prefrontal
[28]
cortical myelination . A recent study also showed that
depletion of the gut microbiota as of early adolescence
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Figure 1 Schematic representation of the mechanisms involved in the relationship between microbiota and brain development and function: Cytokine
balance and microglia activation (immune pathway), cortisol (endocrine pathway) and vagus and enteric nervous system (neural pathway). The axis
plays an important role in homeostasis and has been linked to several disorders. Altered gut microbiota composition enhances the risk of neurodevelopmental and
neurodegenerative disorders possibly from microbiota-derived products such as small chain fatty acids and neurotransmitters. HPA: Hypothalamic-pituitary-adrenal.

in mice alters their behavior and significantly reduces
brain-derived neurotrophic factor (BDNF), oxytocin and
[21]
vasopressin expression in the adult brain .
Very recently it has been demonstrated that
the maturation and activation of microglia, the ma
crophages of the brain crucial for maintaining brain
tissue homeostasis, are also regulated by the gut
[11]
microbiota . The same study demonstrated that
treatment with microbial-produced short-chain fatty
acids (SCFAs) could rescue microglial function impaired
[11]
in GF animals . In addition, various studies have
shown that probiotic administration to healthy rats
and mice can alter behavior, achieving a reduction in
anxiety-like and depressive-like behaviors and thus
highlighting the beneficial effects of probiotics on stress[6]
related behaviors . All these findings indicate that
probiotics may have broader therapeutic applications
than previously considered, particularly in the area of
[6]
anxiety and depression .

have been identified by which also brain can influence
[7]
the gut microbiota composition . Results of animal
studies show that stress and emotions cause the
brain to influence the microbial composition of the gut
through the release of hormones or neurotransmitters,
which influence gut physiology and alter the habitat
of the microbiota, resulting in preferential growth of
certain communities. Indeed, host stress hormones
such as noradrenaline might influence bacterial gene
expression or signaling between bacteria, and this
might change the microbial composition and activity
of the microbiota. In addition, the microbiota has
a substantial impact on the metabolomics profile
of the host. It is important to highlight that a large
array of crucial molecules with neuroactive functions
[7]
is produced by microbes . Nowadays it is clear that
certain bacteria are strain-specifically able to produce
different essential neurotransmitters and specific
neuromodulators. Indeed, several neurotransmitters
such as gamma-aminobutyric acid (GABA), serotonin,
catecholamines and acetylcholine are produced by
bacteria, some of which are inhabitants of the human
gut. Indeed, researchers report that Lactobacillus
[29]
spp. and Bifidobacterium spp. produce GABA ;
Escherichia spp., Bacillus spp. and Saccharomyces spp.
produce noradrenalin; Candida spp., Streptococcus
spp., Escherichia spp. and Enterococcus spp.
produce serotonin; Bacillus spp. produce dopamine;
[6]
and Lactobacillus spp. produce acetylcholine .
Neurotransmitters secreted from bacteria in the
intestinal lumen may induce epithelial cells to release
molecules that, in turn, have the ability to modulate
neural signaling within the enteric nervous system

GUT MICROBIOTA MECHANISMS
MODULATING BRAIN DEVELOPMENT
AND FUNCTION
Recent studies have provided insights into the
possible pathways and mechanisms that connect the
microbiota to the brain. In fact, recent evidence largely
suggests that there are several mechanisms by which
microbiota may modulate brain development, function
and behavior including immune (cytokines), endocrine
(cortisol) and neural (vagus and enteric nervous system)
pathways (figure 1). Likewise, different mechanism
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and subsequently control brain function and behavior.
Various bacterial strains have also been shown to
mediate behavioral effects via the vagus nerve in some
animal studies although vagotomy does not seem
to mediate all microbiota-mediated effects on brain
[30]
function and behavior .
Tryptophan is an essential amino acid precursor
to many biologically active molecules, including the
neurotransmitter serotonin and metabolites of the
kynurenine pathway. Only around 5% of systemic
tryptophan is metabolized into serotonin and the
rest is metabolized along the kynurenine pathway.
This depends on the expression of two enzymes,
indoleamine 2,3-dioxygenase, which is found in all
tissues, and tryptophan 2,3-dioxygenase, which is
localized within the liver. The activity of both enzymes
is strongly controlled by inflammatory mediators
such as cytokines and corticosteroids. The increased
activation of these two enzymes could induce serotonin
depletion and depressive mood. Furthermore, the
downstream metabolites of the kynurenine pathway
are neuroactive metabolites, which can also modulate
neurotransmission. In addition, the oral ingestion of
Bifidobacterium infantis led to increased levels of the
serotonin precursor, tryptophan, in the plasma of rats,
suggesting that this specific strain may be a potential
antidepressant. Other studies have also demonstrated
the effect of the gut microbiota on the levels of other
[31]
metabolites related with tryptophan metabolism .
Other important molecules, which are produced in
the colon by microbial fermentation of dietary fiber,
are SCFAs such as butyrate, acetate and propionate.
SCFAs are known to have neuroactive properties;
for instance, the administration of a high dose of
propionate in rats induced a neuroinflammatory
response and behavioral alterations related with
[32]
neurodevelopmental disorders . Propionate is also a
common preservative in food products that has been
demonstrated to exacerbate autism spectrum disorder
symptomatology. Moreover, butyrate decreases
depressive-like behavior with parallel changes in
histone deacetylation and BDNF expression. SCFAs
also regulate the gut immune system and this may
have consequences on the central nervous system.
As mentioned above, the maturation and activation
[11]
of microglia is also regulated by the gut microbiota
and oral treatment with microbial produced SCFAs can
[11]
rescue microglial function impaired in GF animals .
However, it is still unclear whether SCFAs produced in
the gut can cross the blood-brain barrier.

which modulate chromatin remodeling and the final
translation of coding mRNA into proteins. Several
types of epigenetic-modifying enzymes together with
ncRNAs are involved in epigenetic regulation and have
been demonstrated highly sensitive to environmental
changes. Therefore, epigenetic modifications associated
to many diseases have been recognized as possible
pieces missing in the puzzle linking the human genome,
[33]
environment and phenotype development . Epigenetic
mechanisms are currently known to be involved in
neurogenesis, neuronal plasticity, learning and memory,
and in disorders such as depression, addiction,
[3,34]
schizophrenia and cognitive dysfunction
. Many of
the environmental factors apparently playing a crucial
role in the etiology of neuropsychiatric disorders might
be related with the risk of developing the condition
through epigenetic mechanisms.
Changes in histone modifications and DNA methy
lation have been found at the promoters of genes
[3]
involved in neuropsychiatric conditions . For instance,
chromatin remodeling at the BDNF gene promoter
has been associated with neuronal activity and stress
and likely affects many more genes involved in brain
[35]
function and behavior . In fact, there is now a great
deal of evidence for the role of epigenetic regulation
in shaping brain function and behavior, even though
the underlying molecular mechanisms by which
epigenetics might be leading to the behavioral and
biochemical alterations observed in neuropsychiatric
[36]
disorders are still not well understood .
Gut microbiota has been shown to impact host gene
expression by modulating epigenetic processes which
[33]
are highly dynamic and reversible . Therefore, it is
tempting to speculate that modulating the microbiota
will enable us to shape our epigenome in the near
future. Indeed, the methylation levels of specific genes
involved in metabolism and inflammatory responses
[37]
have been associated with gut microbiota profiles .
Furthermore, various studies have described a link
between microRNAs, a group of small ncRNAs, and
[38]
microbiota . Histone deacetylations by HDACs are
also critical in epigenomic regulation and are related
with condensed chromatin and, consequently, the
inhibition of the gene expression. Indeed, SCFAs have
the capacity to inhibit HDACs, thus activating the gene
[33]
expression of previously deacetylated genes .
Aging is associated with profound epigenetic
changes resulting in alterations in gene expression
and also with a wide range of human disorders,
including neurodegenerative diseases. Therefore, the
reversibility of epigenetic changes that occur as a
hallmark of aging offers exciting opportunities to treat
[39]
age-related diseases .

EPIGENETICS, GUT MICROBIOTA AND
NEUROLOGICAL CONDITIONS
It is currently well recognized that there are many
changes in gene expression not caused by variations
in sequence or genotype. Those changes are rather
triggered by epigenetic modifications, such as
methylation, acetylation or non-coding RNAs (ncRNAs),
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NEUROPSYCHIATRIC CONDITIONS
So far many evidences derived from multiple studies
performed in both animal models and humans have
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Table 2 Current evidences linking gut microbiota to neuropsychiatric disorders
Autism
Increase in microbiota diversity is associated with autism[43]
Abundance of Bacteroidetes has found to be linked with severe autistic cases[43]
Increase in short chain fatty acids has been found in fecal samples from autistic children[44]
A specific strain of the species Lactobacillus reuteri has shown to modulate oxytocin levels and reverse autism-related behavior[41]
Schizophrenia
Dopamine, the key neurotransmitter associated with schizophrenia pathophysiology, is produced by components of the microbiota[53]
Increased gastrointestinal inflammation is associated with schizophrenia[53]
Intake of antibiotics is associated with the risk of schizophrenia[54]
Attention deficit hyperactivity disorder
The risk of developing ADHD has been suggested to be associated with many perinatal risk factors, including delivery mode, gestational age, type of
feeding, maternal health and early life stressors, all of them linked to gut microbiota alterations[56]
Dietary components modulating gut microbiota may influence ADHD development or symptoms[56]
Depression
Increase in gut microbiota alpha diversity is associated with depression[59,63]
Lower numbers of Bifidobacterium and Lactobacillus have been found in individuals with depression[60]
Increases in the genus Eggerthella, Holdemania, Gelria, Turicibacter, Paraprevotella and Anaerofilm, and reductions in Prevotella and Dialister have been
found in individuals with depression[61]
A negative correlation between Faecalibacterium spp. and severity of depressive symptoms has been reported[61]
Role of diet on depression onset is suggested (Mediterranean diet seems to protect, whereas Western diet seems to be associated with an increased
risk)[64]
Different strains of Lactobacillus rhamnosus, Lactobacillus helveticus, Bifidobacterium longum, Bifidobacterium breve and Bifidobacterium infantis have been
shown to attenuate depression and anxiety-related behavior in rodents[58]
A probiotic combination (Lactobacillus helveticus R0052 and Bifidobacterium longum R0175) has proven effective in increasing the subject’s resilience to
stress in humans[57]
Parkinson’s disease
Alterations in bowel function, mainly constipation, often precede the onset of motor symptoms associated with PD[76]
Reduction in the levels of Prevotellaceae has been found in PD patients[80]
Positive correlation between levels of Enterobacteriaceae and the severity of postural instability and gait difficulty was proven in PD patients[80]
Reduction in short chain fatty acids[78] and butyrate-producing bacteria (Blautia, Coprococcus, Faecalibacterium spp and Roseburia)[79] were found in fecal
samples from PD patients
GF mice overexpressing human α-synuclein (αSyn) display reduced microglia activation, αSyn aggregates and motor deficits (treatment with short
chain fatty acids restored all major features of PD in GF mice)[77]
Gut microbiota transfer from PD patients into GF mice overexpressing human α-synuclein (αSyn) enhances physical impairments whereas gut
microbiota transfer from healthy human donor does not enhances those deficiencies[77]
Alzheimer’s disease
Risk factors for AD such as metabolic syndrome, type 2 diabetes and obesity are associated with gut microbiota alterations[86,87]
Gut microbiota seems to be involved in the accumulation of amyloid plaques according to the results of a study using a mouse model of AD[88]
AD: Alzheimer’s disease; PD: Parkinson’s disease; ADHD: Attention deficit hyperactivity disorder.

strongly suggested a link between gut microbiota
and development and/or manifestation of different
neuropsychiatric conditions (Table 2).

and evidence indicates that its levels are closely
[42]
regulated by the gut microbiota . In fact, last year
[21]
Desbonnet et al
showed that depletion of the gut
microbiota as of early adolescence reduces oxytocin
expression in the adult brain. Furthermore another
recent study demonstrated that a single probiotic
bacteria (a strain of the species Lactobacillus reuteri)
can modulate oxytocin levels and reverse autismrelated behavior, raising the possibility of influencing
[42]
social behavior by targeting the gut microbiota .
Autism spectrum disorder (ASD) is often associated
with gastrointestinal co-morbidities and recent studies
have shown changes in the gut microbiota of autistic
children, including shifts in levels of Bacteroidetes and
Firmicutes phyla with the abundance of Clostridium,
establishing a strong link between gut microbiota
[43,44]
and ASD
. Research also reports an increase
in microbiota diversity associated with autism in
children with the abundance of Bacteroidetes found
[44]
to be linked with severe autistic cases . Other gut
commensals found to be altered in autism belong
to Bifidobacterium, Lactobacillus, Prevotella and

Microbiota and impairment of social behavior (autism),
schizophrenia and attention deficit hyperactivity
disorder

Studies using GF mice have demonstrated that animals
completely lacking microbiota exhibit deficiencies in
social behavior. In particular, John Cryan’s research
team examined the behavior of GF mice in the threechamber test and observed that GF mice spent as
much time with the familiar as with the novel mouse
in contrast to the behavior of conventionally colonized
mice, which spent more time with the novel than the
[40]
familiar mouse . They also observed that GF mice
spent longer with an object or an empty chamber than
with another mouse, which is considered abnormal
behavior for a sociable animal. Research has also
demonstrated that colonization of the GF mice partially
[40]
normalizes these behavioral impairments .
[41]
Oxytocin is well known to influence social behavior
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[44]

Ruminococcus genera
although these associations
do not necessarily imply causality. In addition, a
significant increase in SCFAs in fecal samples from
autistic children has been recorded, providing a
further indication for a role of an altered microbiota
composition or function in this neurodevelopmental
[45]
disorder . However, the role of SCFAs in ASD is
not fully understood. For instance, administration
of butyrate has been shown to improve repetitive
[46]
symptoms in a murine model of ASD whereas intra
cerebroventricular infusions of propionic acid induces
[47]
autistic-like behaviors in rats , thus suggesting SCFAs
play differential roles in mediating ASD behavior.
Therefore, further research is warranted to delve
further into the role of SCFAs in autism.
In humans, prenatal exposure to the mood sta
[48]
bilizer valproate is a major risk-factor for autism
[49]
and de Theije et al
have shown that the autismlike behavioral changes that occur in mouse models
of valproate exposure are coincident with changes in
microbiota composition.
In addition, maternal obesity is associated with
neurodevelopmental disorders in offspring, including
[50]
autism spectrum disorder
and, in line with this
observation, mice with induced obesity by a maternal
high-fat diet (MHFD) show social behavioral deficits
[51]
due to alterations in the gut microbiota . Buffington
[51]
et al
recently observed that the diversity of the
microbiota in MHFD offspring was reduced, showing a
remarkable reduction in Lactobacillus spp. compared
with the abundance found in the offspring of animals
from mothers on a regular diet. Furthermore, it was
demonstrated that treatment with a Lactobacillus
reuteri strain not only augmented levels of oxytocin,
improving social behavior, but also ameliorated synaptic
[51]
dysfunction in MHFD offspring .
Schizophrenia is another complex heterogeneous
behavioral disorder characterized by abnormal social
behavior, often associated with additional mental
health problems such as anxiety disorders and major
[52]
depression . To date the genomic analysis of schizo
phrenia has been limited, with the replicated genetic
findings representing just a fraction of schizophrenia
[53]
heritability . Furthermore, there is evidence for the
important role that different environmental factors
play in its development. In fact, several epigenetic
mechanisms, in particular methylation of genes
involved in neurotransmission, histone modifications
and the action of ncRNAs, may also predispose
individuals to schizophrenia. There are indications, such
as the fact that dopamine, the key neurotransmitter
associated with schizophrenia pathophysiology and
treatment, is produced by microbes, and the in
creased gastrointestinal inflammation associated
with schizophrenia, which strongly suggest that gut
microbiota are involved in the risk of development
[54]
schizophrenia or its manifestations . In addition,
several studies have found an association between
the intake of antibiotics and an increased incidence of
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psychiatric disorders such as schizophrenia, perhaps
[55]
due to alterations in the microbiota . However, to
date there are not any published studies investigating
the role of the gut microbiome in schizophrenia.
Attention deficit hyperactivity disorder (ADHD)
is a neurodevelopmental disorder characterized
by inappropriate levels of hyperactivity, difficulty
in controlling behavior and/or attention problems.
Although ADHD is currently one of the most frequently
studied disorders in children and adolescents, the
exact mechanisms that predispose individuals are still
unknown, though both genetic and environmental
[56]
factors seem to be involved . Various factors
associated with the risk of developing ADHD and/or
linked to different ADHD manifestations have also
been linked to shifts in gut microbiota composition,
suggesting a link between the microbiota and the
disorder. In addition, evidence from preliminary human
studies suggests that dietary components modulating
gut microbiota may also influence ADHD development
or symptoms. Therefore, recently, after reviewing the
[57]
literature, we argue
that genomic studies in ADHD
should include studies of the gut microbiota.

Microbiota, stress response and depression

Most organisms are equipped with biological machinery
able to muster a defensive response to stressful stimuli.
In response to stress, the hypothalamic-pituitaryadrenal (HPA) axis is activated and corticosterone
releasing factor (CRF) is released from paraventricular
neurons of the hypothalamus. CRF stimulates the
release of adrenocorticotrophic hormone (ACTH)
from the anterior pituitary, which in turn induces the
synthesis and release of glucocorticoids from the
adrenal cortex: cortisol in humans and corticosterone
in animals. Studies in GF mice have revealed that the
microbiota influences the development of the HPA
axis and thus the stress response. Animals raised in
a sterile environment from birth exhibit inflated HPA
axis activity with elevated ACTH and corticosterone
[22]
levels in response to a stressor . Interestingly, HPA
axis activity is normalized after colonization with
[25]
commensal bacteria from control mice .
Although studies investigating the effects of prebiotic
or probiotic supplements on stress behavior in humans
are limited, they indicate the role of gastrointestinal
microbiota in stress and emotional responses. Likewise,
a probiotic combination (Lactobacillus helveticus R0052
[58]
and Bifidobacterium longum R0175)
and a prebiotic
[59]
(galactooligosaccharide)
have proven effective
in increasing the subject’s resilience to stress and
improved emotional responses in healthy subjects.
Depression is a stress-related mood disorder
associated with a disrupted HPA axis, and evidence
suggests that the gut microbiota play a key role in
[60]
modulating depression . In fact, an increase in alpha
diversity of the gut microbiota has been reported in
individuals with depression compared to a healthy
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control group. Furthermore, patients with depression
show significantly lower numbers of Bifidobacterium
[61]
and Lactobacillus compared to control subjects . In
addition, a more recent study shows that patients with
major depression have altered microbiota compared
to normal subjects, with a significant increase in the
genus Eggerthella, Holdemania, Gelria, Turicibacter,
Paraprevotella and Anaerofilm, whereas reductions
[62]
in Prevotella and Dialister were observed . Another
recent study also reported a negative correlation
between Faecalibacterium spp. and the severity of
[62]
depressive symptoms . Moreover, researchers
have demonstrated that when the microbiota from
patients with major depression is transferred to
microbiota-depleted animals, the behavioral and
physiological features characteristic of depression are
also transferred, supporting a link between dysbiotic
[63]
microbiota and depression . A recent study published
in Science reported a correlation between a more
diverse gut microbiota composition and depression
in humans after investigating the gut microbiomes
of 1135 participants from a Dutch population cohort
[64]
using deep sequencing .
Different diets have been suggested to have
either positive or negative effects on depression.
For instance, a Western diet seems to be associated
with an increased risk of depression, whereas the
Mediterranean diet seems to reduce the onset of
depression. Furthermore, studies in human and animal
models have shown an association between depletion
of omega-3 polyunsaturated fatty acids and major
depression, suggesting the role of diet in depression
[65]
onset .
Different probiotic treatments have displayed
efficacy in the reduction of depressive-like behaviors
in animal models. For instance, administration of a
probiotic cocktail comprising of Lactobacillus rhamnosus
and Lactobacillus helveticus strains have been shown
to ameliorate depressive-like behavior and normalize
corticosterone levels in a maternal-separation animal
model. Moreover, administration of Lactobacillus
rhamnosus reduced depression and anxiety-related
behavior. Also there is evidence for the association
between different strains of the genus Bifidobacterium
and potential antidepressant-like behavior in animals.
Treatment with a strain of Bifidobacterium infantis
attenuated depression, showing increased mobile
episodes during the forced swim test in maternally
separated rats. A similar effect was also observed with
strains of Bifidobacterium longum and Bifidobacterium
breve on depression and anxiety-related behavior in
[60]
rodents .

and Eastern Europe because of the high consumption
of fermented dairy products containing lactic acid
bacteria, and suggested that complementing the diet
with lactic acid bacteria would have health benefits,
[66]
including longevity . The finding that germ-free
mice live longer than their conventionalized controls
[67,68]
was also reported many years ago
, supporting a
link between microbiota and senescence. Nowadays,
we know that the gut microbiota undergoes a dy
[69]
namic change during aging . It is of interest that
bifidobacteria numbers decrease with age, while those
[70]
of clostridia increase . Age-related gut microbiota
composition changes have also been correlated with
[71]
health outcomes in the elderly, such as frailty , with
microbial diversity being an important feature linked
[18]
to health maintenance as we age . However, major
shifts in diet of the elderly could partly be responsible
for the dramatic changes in microbiota composition
[72]
and their association with health-relate outcomes .
This also suggests there is a chance of redressing the
balance by dietary-based interventions in the elderly.
Aging can weaken gastrointestinal barrier function
and promote a proinflammatory phenotype involving
[73]
the microbiota . Another consequence of ageing is
the progressive leakiness of the blood-brain-barrier
(BBB), whose integrity also seems to be dependent on
[74]
gut microbiota composition . SCFAs produced by gut
microbiota components are considered key metabolites
mediating such effects. Stress is one of the lifestyle
[75]
factors that can negatively impact BBB permeability
and accelerate the “inflamm-aging” processes linked to
[76]
age-related diseases . Therefore, understanding how
the gut microbiota or their components influence such
processes is now worthy of attention.
Parkinson’s disease (PD) is a neurodegenerative
disorder that represents a growing health concern in
the elderly. It is characterized by neuroinflammation
and loss of midbrain dopaminergic neurons, as well
as by a characteristic pattern of abnormal movements
[77]
with a number of non-motor symptoms . It has
also been observed that alterations in bowel function,
mainly constipation, often precede the onset of
prototypical motor symptoms associated with PD.
While genetics plays an important role in the risk
of developing the disease, environmental factors
and gene-environment interactions also contribute
[78]
to the risk for developing the disorder . In fact,
evidence suggests that gut microbiota is an important
[78-81]
environmental factor related to the risk of PD
.
Interestingly, a recent study sequenced the gut
[81]
microbiota in patients with PD and controls . The
authors of this study compared 72 patients and 72
matched controls, confirming a major reduction in
the levels of Prevotellaceae in PD patients. They also
observed and described a positive correlation between
the levels of Enterobacteriaceae and the severity of
[81]
postural instability and gait difficulty , suggesting the
role of the gut microbiota in the PD phenotype. Another
study showed that at the taxonomic level of genus,

Gut microbiota and neurodegenerative conditions

Over a century ago, the Nobel Prize Elie Metchnikoff
already suggested that the microbial communities
within the gastrointestinal tract had an influence
on human health. The Russian scientist Metchnikoff
observed that people lived longer in parts of Bulgaria
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putative “anti-inflammatory” butyrate-producing
bacteria from the genera Blautia, Coprococcus, and
Roseburia were significantly more abundant in feces
of controls than PD patients. On the other side, in
this study it was also reported that bacteria from the
genus Faecalibacterium were significantly found more
abundant in the mucosa of controls than PD patients,
whereas putative “pro-inflammatory”. Proteobacteria of
the genus Ralstonia were significantly more abundant
[81]
in mucosa of PD patients than controls .
Intriguingly, another recent study confirmed the
recently reported association between PD and the
reduced abundance of butyrate-producing bacteria, and
also demonstrated a reduction in the relative SCFAs
concentration in PD compared with the abundance
observed in controls, suggesting a role for SCFAs
[78]
in PD . However, prospective longitudinal studies
in subjects at risk of PD are still required to further
elucidate the causal role of the gut microbiota and
microbial products in the development of PD and its
manifestations.
Very recently it has been reported that gut microbiota
is involved in motor deficits and neuroinflammation
in a model of PD, suggesting that the changes in
[78]
the gut microbiota represent a risk factor for PD .
This study revealed that under GF conditions, or
antibiotic-related bacterial depletion, transgenic
animals overexpressing human α-synuclein (αSyn)
(an abundant protein in the human brain involved in
neurotransmitter release) displayed reduced microglia
activation, αSyn aggregates and motor deficits
(neuropathological features of PD) compared to
animals with a complex microbiota. Conversely, they
showed that treatment with SCFAs restored all major
features of PD in GF mice. Furthermore, this study
demonstrated that transplanting gut microbiota from
PD patients into genetically susceptible mice (αSynoverexpressing mice) enhances physical impairments
when compared to microbiota transplant from healthy
[78]
human donors .
Alzheimer’s disease (AD) and vascular dementias
are the most common causes of cognitive decline in
[82]
ageing populations in Western countries . The deficit
in synaptic plasticity is one of the many changes
occurring with age. Specifically, the typical model
of plasticity shows a reduction in the hippocampus
long-term potentiation (LTP) of the middle-aged, but
[83]
most dramatically in aging rats . A recent study has
investigated whether the age-related deficit in LTP
might be attenuated by changing the composition of
intestinal microbiota with VSL#3, a probiotic mixture
comprising 8 Gram-positive bacterial strains. The
study showed that the age-related deficit in LTP was
attenuated in VSL#3-treated aged rats and this was
accompanied by a modest decrease in markers of
microglial activation and an increase in expression
[84]
of BDNF and synapsin . However, although these
findings support the fact that intestinal microbiota can
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be manipulated in order to positively impact neuronal
function modulating microglial activation, at the moment
we still need to be cautious and to investigate further
the different probiotics that could be used to modify
the microglial maturation and function.
Surprisingly, so far there is a lack of detailed
[85]
analyses of the microbiota of patients with AD .
However, in metabolic syndrome, type 2 diabetes
[86]
and obesity, which are risk factors for AD , there
[87,88]
is an alteration in the gut microbiota
. More
recently, a research study using a mouse model of
AD has implicated the microbiota in the accumulation
[89]
of amyloid plaques , and there is also evidence
suggesting that gut microbiota might be directly linked
to dementia pathogenesis by triggering metabolic
[90]
diseases and low-grade inflammation . Different
mechanisms may explain the link between gut
microbiota alterations in obesity and T2D and the
development of AD. For example, different studies
have indicated that an altered gut microbiota linked
to obesity increases intestinal permeability and
contributes to systemic inflammation leading to insulin
[91]
resistance and T2DM . In turn, insulin resistance
and T2DM is a risk factor for development of AD.
Furthermore, the vascular effects of obesity and T2D,
related to changes on the gut microbiota, also appear
[92]
to play an important role in the development of AD .
A leading hypothesis on the pathophysiology of AD is
the mis-metabolism of amyloid precursor protein. The
Aβ peptide is derived from amyloid precursor protein
by sequential cleavages of different proteases. The
activity of these proteases involved in the generation
of Aβ peptide is highly regulated by the inflammation,
being the latter modulate as already mentioned by
the gut microbiota. In fact, BACE1 enzyme is essential
for the generation of β-amyloid and Interleukin 1β,
considered as a risk factor for AD development, has
been observed to aggravate plaque formation by
[93]
induction of BACE1 expression .
However, although it has been suggested that
alterations on gut microbiota observed in diabetes and
obesity may be linked to the risk of developing AD,
there is a need of further work to elucidate the specific
gut’s microbes and the mechanisms involved in the
link between obesity, T2D and AD.
Dysregulation of normal microglial functions such
as synaptic pruning and regulation is increasingly found
to be implicated in diseases associated with cognitive
[12,94]
deficits
. Microglia cells are also essential for
clearance of debris, plaques and aggregates, thereby
playing a fundamental role in neurodegenerative
amyloid disorders, including Alzheimer’s, Huntington’s
and Parkinson’s diseases, each associated with a distinct
amyloid protein. Therefore, targeting dysregulated
microglial functions represents a therapeutic opportunity
[95,96]
for treating these disorders
. Although the mecha
nisms that ultimately lead to neurodegeneration are
different in each neurodegenerative disease, chronic
inflammation that may be modulated by the gut
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microbiota is typically a prominent feature in the
[12]
progressive nature of neurodegeneration .

7
8

CONCLUSION
It is becoming evident that brain development and
function are dependent on the diversity and structure
of the gut microbiota and may, therefore, influence
mental health. This hypothesis is based mainly on
animal trials and a few observational human studies
associating gut microbiota alterations with mental
disorders, including depression, autism and PD.
This notion has been further supported by recent
transplantation experiments where the gut microbiota
has been shown to transfer a behavioral phenotype
or the disease features to the recipient animal,
providing stronger evidence for a causal relationship.
However, longitudinal studies in humans are still
needed to investigate whether the gut microbiota
changes in subjects with different neuropsychiatric
disorder can contribute to disease onset and the role
of other interacting factors such as the diet. So far
various communication routes between the microbiota
and brain have been identified, including immune,
endocrine and neural pathways. Thus, interventions
with pro and pre-biotics in animal models have shown
that the microbiota could play a role in mental health
by regulating inflammatory and endocrine secretions,
synthetizing neuroactive compounds and interacting
with the vagal nerve. Greater understanding of the
precise underlying mechanisms is required to develop
a clear rationale for conducting microbiota-based
interventions in humans. In particular, inflammation
seems to be a critical pathophysiological feature of
mental disorders and, therefore, a potential target
for microbiota-based interventions. Nonetheless,
further knowledge is needed on how microbiota
signals generated in the gut can impact on microglial
activation and neuroinflammation.
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Abstract
AIM
To develop a MRI-based method for accurate deter
mination of liver volume (LV) and to explore the effect
of long-term everolimus (EVR) treatment on LV in PCK

Institutional animal care and use committee statement: All
animal experiments were approved by the Ethical Committee for
animal welfare (KU Leuven, P164/2010).
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rats with hepatomegaly.

transplantation in patients with PCLD, can prevent the
development of symptomatic hepatomegaly.

METHODS
Thirty-one female PCK rats (model for polycystic-liverdisease: PCLD) were randomized into 3 groups and
treatment was started at 16 wk, at the moment of
extensive hepatomegaly (comparable to what is done
in the human disease). Animals received: controls (n
= 14), lanreotide (LAN: 3 mg/kg per 2 wk) (n = 10)
or everolimus (EVR: 1 mg/kg per day) (n = 7). LV
was measured at week 16, 24, 28. At week 28, all rats
were sacrificed and liver tissue was harvested. Fibrosis
was evaluated using quantitative image analysis. In
addition, gene (quantitative RT-PCR) and protein
expression (by Western blot) of the PI3K/AkT/mTOR
signaling pathway was investigated.

Temmerman F, Chen F, Libbrecht L, Vander Elst I, Windmolders
P, Feng Y, Ni Y, De Smedt H, Nevens F, van Pelt J. Everolimus
halts hepatic cystogenesis in a rodent model of polycysticliver-disease. World J Gastroenterol 2017; 23(30): 5499-5507
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i30/5499.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i30.5499

INTRODUCTION
Polycystic liver disease (PCLD) is a fibrocystic liver
diseases, a group of genetic disorders in which cysts
occur either only in the liver, like in autosomal dominant
PCLD, or in liver and the kidneys as in autosomal
[1,2]
dominant polycystic kidney disease (ADPKD)
.
In these patients due to the continuous increase in
volume and number of cysts, the liver enlarges and
may become disabling and in advanced stages, the
[3]
patients develop portal hypertension .
The rat Pck gene is orthologous to the human
PKHD1 gene and responsible for Autosomal Recessive
Polycystic Kidney Disease. The animals have a splicing
mutation in the Pkhd1 gene encoding fibrocystin/
polyductin (FPC). FPC and polycystin-1 and -2, -proteins
mutated in human ADPKD-, are co-localized to the
primary cilium of the cholangiocytes. The PCK rat is
[4-7]
used worldwide as model to study PCLD .
Two key signaling pathways have been implicated
in the increased proliferation of PCK cholangiocytes
leading to cyst formation. First, the defective ciliary
structure in the cholangiocytes and integrated sensory/
transducing functions result in a decreased intracellular
2+
Ca and increased cytosolic cyclic adenosine mono
phosphate [cAMP]cyt, causing cholangiocyte proliferation,
abnormal cell-matrix interactions, and altered fluid
secretion. Basal levels of cAMP are maintained by the
orchestration of multiple factors in which somatostatin
receptors (SSTRs) play an important role. Octreotide,
a somatostatin analogue, with high binding affinity for
SSTR2 and 5, decreases [cAMP]cyt and reduces livercyst volume in the PCK rat. Both lanreotide (LAN) and
octreotide reduce liver volume (LV) in patients with
[8-13]
PCLD
.
The other important pathway involves the
mammalian target of Rapamycin (mTOR). mTOR
is a serine/threonine kinase present in two distinct
complexes. The first is mTOR complex 1 (mTORC1),
composed of mTOR, Rptor (Raptor: Regulatory
Associated Protein of mTOR, Complex 1), Gβ L, and
DEPTOR. It is a master growth-regulator that senses
and integrates diverse nutritional and environmental
factors. The second complex, mTOR complex 2
(mTORC2), is composed of mTOR, Rictor, Gβ L, Sin1,

RESULTS
LV determination by MRI correlated excellent with
the ex vivo measurements (r = 0.99, p < 0.001).
The relative changes in LV at the end of treatment
were: (controls) +31.8%; (LAN) +5.1% and (EVR)
+8.8%, indicating a significantly halt of LV progression
compared with controls (respectively, p = 0.01 and p
= 0.04). Furthermore, EVR significantly reduced the
amount of liver fibrosis (p = 0.004) thus might also
prevent the development of portal hypertension. There
was no difference in phosphorylation of Akt (Threonine
308) between LAN-treated PCK rats control PCK rats,
whereas S6 was significantly more phosphorylated in
the LAN group. Phosphorylation of Akt was not different
between controls and EVR treated rats, however, for S6
there was significantly less phosphorylation in the EVR
treated rats. Thus, both drugs interact with the PI3K/
AkT/mTOR signaling cascade but acting at different
molecular levels.
CONCLUSION
Everolimus halts cyst growth comparable to lanreotide
and reduces the development of fibrosis. mTORinhibition should be further explored in PCLD patients
especially those that need immunosuppression.
Key words: Fibrocystic liver disease; mTOR inhibitor;
somatostatin analogue; liver volume measurement;
Magnetic resonance imaging
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The continuous increase of liver cysts volume
in polycystic-liver-disease (PCLD) leads to extensive
hepatomegaly and portal hypertension, an indication for
liver transplantation. The effect of mTOR-inhibition on
liver volume (LV) in PCLD is unclear. We developed an
accurate, non-invasive, MRI-based method to determine
LV in a PCLD rat model. When treatment is started at
the moment of extensive hepatomegaly (as in humans),
the mTOR inhibitor everolimus halt disease progression
and also of the development of fibrosis in this model.
We speculate that everolimus, given after kidney
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MRI

MRI

Week 16

Week 24

was started and continued for a period of 3 mo. No
animals died or were excluded for other reasons over
the entire study period. At indicated times (week 16,
24 and 28), serial MRI were performed (Figure 1).
All rats were sacrificed the day after their last MRI at
week 28 using Nembutal anesthesia. After vertical
laparotomy, the hepatic hilum and hepatic veins were
clipped simultaneously to avoid change in LV by loss of
blood. Livers were removed, weighted and the ex vivo
LV was determined using a graduated glass cylinder
filled with saline 0.9% at 37 ℃ (accuracy of 1 mL).
Tissue samples were stored for molecular analysis in
Trizol (Invitrogen/Life Technologies, United States),
snap-frozen for protein analysis and fixed with formalin
for histology.
All animal experiments were approved by the
Ethical Committee for animal welfare (KU Leuven,
P164/2010).

MRI
Week 28

Controls (n = 14)
Lanreotide 3 mg/kg per 2 wk (n = 10)
Everolimus 1 mg/kg per day (n = 7)

Start of treatment

End of treatment

Figure 1 Study design. Female PCK rats were obtained at age week 10. At
week 16, a first MRI was performed to calculate the liver volume. Animals were
randomly assigned to one of the groups and treatment was started. At week
24 and week 28 a new MRI was performed, after the last measurement the
animals were sacrificed and tissue collected for protein and gene assay.

PRR5/Protor-1, and DEPTOR. mTORC2 promotes
cellular survival by activating Akt, regulates cytoskeletal
[14,15]
dynamics and controls ion transport and growth
.
Increased activation of the Phosphatidylinositol-4,5bisphosphate 3-kinase/AkT/ mTOR (PI3K/Akt/mTOR)
pathway has also been shown to be involved in the
cystic proliferation of cholangiocytes of the PCK rat.
Sirolimus, an mTOR inhibitor, delayed cyst growth
in the Han:SPRD rat model and in a mouse model
[16,17]
of ADPKD
. In human ADPKD patients, sirolimus
reduced LV in patients who underwent kidney trans
[18]
plantation in one study . However, the evidence of a
beneficial effect of mTOR inhibitors to reduce LV in the
PCK rat and in prospective studies in humans is not
[19,20]
robust
.
From preclinical studies performed in the PCK rat
and from human PCLD data, is it clear that the hepatic
cystic disease progression shows large inter-individual
variability. To overcome this we explored the value of
non-invasive repeated measurements of LV by MRI in
the PCK rat.
The aims of the present study were therefor: (1) to
develop an MRI-based method to evaluate accurately
changes in LV in a rat model of PCLD; and (2) to
investigate the long-term efficacy of everolimus (EVR)
on liver disease when administered starting at the
moment of already marked hepatomegaly, a situation
mimicking the clinical situation.

Study drugs

Lanreotide 3 mg/kg was administered every 2 wk
intramuscular (somatuline, gift from Ipsen Pharma;
Merelbeke, Belgium). Everolimus oral solution 1 mg/kg
®
per day (Certican ; gift from Novartis Pharma; Basel,
Switzerland) was administered via the drinking water
without further additives. Dosages were chosen based
[10,12,20]
on previous published data
. We used black
drinking bottles to ensure light protection in the EVR
group. Drug solutions were freshly prepared every
morning and adjusted to body weight and fluid intake
once weekly.

Liver volumetry

The PCK rats were anaesthetized with Isoflurane
2% and placed in a human wrist coil. MRI scanning
(1.5T MRI scanner; slice thickness 0.3 cm; inter-slice
gap: 0.03 cm) for liver volumetry was performed by
3 radiologists, blinded for the study groups; on the
day before the start of treatment (week 16), at week
24 and at week 28 (i.e., 8 and 12 wk after the start
of therapies). T1 and T2 weighted MR images were
acquired. Liver area was measured and summed for
all slices of T2 weighted images by using a built-in
freehand region of interest (Figure 2A). Then, the LV
was calculated using the following formula: LV = Σ
liver area on each slice × (slice thickness + gap).

MATERIALS AND METHODS
Experimental protocol

Fibrosis

Thirty-one 10-wk-old female PCK rats (Charles River,
France) were used for this study. This rat model is
derived from a Crj:CD (Sprague Dawley) rat strain,
[4-7]
originating in Japan . The animals were housed in
an environment with normal humidity and a 12/12
daylight cycle receiving a normal diet. They were
randomly assigned to three groups: (1) controls; (2)
LAN as positive control; or (3) EVR. At week 16, when
the animals had developed extensive hepatomegaly,
baseline MRI was performed. The next day, therapy

WJG|www.wjgnet.com

Liver samples were fixed in buffered formalin (4%),
washed in PBS and embedded in paraffin. Picrosirius
red collagen staining was performed to measure
fibrosis. All liver biopsies were analyzed by an expert
liver pathologist, blinded for the groups. Fibrosis
was assessed using Olympus Stream image analysis
software 1.9 Software following image acquisition
using a light microscope and color digital camera
(Olympus CMOS camera SC30 Münster, Germany).
Fibrosis was scored by 2 independent researchers and
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Figure 2 Liver volume measurements. A: Demonstration of liver volume measured by MRI on each liver-containing slice of T2 weighted images. The liver margin
is contoured manually with the red line; B: Correlation between liver volume calculated from MRI scan and liver volume measured ex vivo. Pearson correlation (r)
is given together with significance; C: Liver volume (mean ± SE) determined by MRI for the different groups: CON (controls, n = 14), LAN (n = 10) and EVR (n = 7),
measured at start of treatment, and after 8 and 12 wk. aP < 0.05 vs animals in control group at corresponding time, NS: Not significant, vs control. The percentual
change in LV (ΔLV) over the 12 wk experimental period is shown together with the P value vs control group. LAN: Lanreotide; EVR: Everolimus.

expressed as percentage of total liver parenchyma
from 4 random selected samples per animal.

P-Akt (Thr308,#) anti-Tot Akt (#2967), all purchased
from Cell Signaling Technology (Beverly, Massachusetts,
United States), and β-actin (Sigma-Aldrich, St. Louis,
MO, United States) as loading control. Thereafter, the
corresponding secondary horseradish peroxidasecoupled antibodies were applied to the membranes
for one hour (Dako, Heverlee, Belgium). After addition
of enhanced chemiluminescence reagent (Pierce ECL
Western Blotting Substrate, #32106, Thermo Scientific/
Life Technologies, Carlsbad, CA, United States),
digital detection was performed using ChemiDoc™
imaging system with Image Lab™ image acquisition
software (Biorad). Expression of P-S6Rp, total S6Rp,
P-Akt, and total Akt was normalized to β-actin levels.
For comparison of different blots, a pool of liver
homogenates of 28-wk-old Sprague Dawley rat livers
was placed on each gel as internal control.

Western blotting

Liver samples stored at -80 ℃ were homogenized
using Tissue Lyzer LT (Qiagen) in RIPA buffer at 4 ℃ (50
mmol/L Tris pH 8.0, 150 mmol/L NaCl, 0.01% sodium
dodecyl sulfate, 1% NP-40 (nonionic polyoxyethylene
surfactant), 0.5% sodium desoxycholaat, 1 mmol/L
1-phenylmethylsulfonyl fluoride) containing protease
inhibitor mix (Complete Protease Inhibitor Cocktail,
Roche Applied Science, Penzberg, Germany). Protein
concentrations were assessed with the BCA-kit (Abcam,
Cambridge United Kingdom) and the protein in the
lysates were adjusted to the same concentration (40
μg/20 μl). SDS sample buffer (62.5 mmol/L Tris,
10% glycerol, 2% sodium dodecyl sulfate, 0.05%
Bromophenol blue and β-mercaptoethanol) was
added, samples were boiled for 5 min and separated
on miniprotean TGX anykD gel from Biorad (Biorad,
Hercules, CA, United States). After electrotransfer to
nitrocellulose membrane and blocking in Phosphatebuffered saline (PBS) containing 0.1% Tween and
5% non-fat dried milk, the membranes were over
night incubated with the primary antibody in PBS
supplemented with 0.1% Tween and 5% non-fat
dry milk powder. Antibodies used were: anti-P-S6Rp
(Ser235/236, #4858), anti-Tot S6Rp (#2217), anti-
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Quantitative Real-Time polymerase chain reaction

Gene expression was assessed by quantitative reverse
transcriptase polymerase chain reaction (qRT-PCR).
RNA was isolated from tissue stored in Trizol with the
RNeasy Kit (Qiagen, Chatsworth, CA, United States)
according to the manufacturer’s instructions. One
microgram of cellular RNA was transcribed into cDNA
using SuperScript II reverse transcriptase and random
hexamer primers (Invitrogen/Life Technologies, United
States). The PCR reaction was carried out in a mixture
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(17.0; 21.7); 18.7 ml (17.0; 20.0); 19.4 ml (17.8;
20.6) (p = 0.754). The mean of the relative increase in
LV (95%CI) in the 3 groups after 12 wk of treatment
(from week 16 to week 28) was respectively: +31.8%
(19.0;44.0); +5.1% (-12.0; 23.0) and +8.8% (-1.7;
19.0). Both treatment groups (LAN, EVR) significantly
halted LV progression compared with controls (p = 0.01
and p = 0.04). The absolute LVs at different times are
given in Figure 2C. There was no significant difference
in effect on LV between LAN and EVR after 8 wk or 12
wk of treatment.

Table 1 Real-time polymerase chain reaction primer probes
used in this study
Gene

Full name

Assay ID applied biosystems

SSTR2
SSTR5
mTOR

somatostatin receptor 2
somatostatin receptor 5
mechanistic target of
rapamycin (serine/threonine
kinase)
regulatory associated protein
of mTOR, complex 1
beta-2 microglobulin

Rn01464950_g1
Rn02535169_s1
Rn00693900_m1

Rptor
B2M

Rn01464431_m1
Rn00560865_m1

Fibrosis

that contained appropriate sense- and anti-sense
primers and a probe in Taqman Univeral PCR Master
Mixture (Applied Biosystems, Foster City, United
States) (Table 1). β-2 microglobulin (B2M) was used
as house-keeping gene. Each sample was assayed in
duplicate on an A7500 Fast Real-Time PCR System
(Applied Biosystems). The mean ∆Ct value (with SE)
vs the reference (B2M) was calculated.

Fibrosis, scored independently by 2 researchers,
showed excellent agreement with a difference of
0.5% (95%CI: -0.2-1.3). In the 14 control PCK rats
[mean percentage fibrosis: 14.7% (SE: 1.8)], we
found a strong Pearson correlation (r) between LV
(MRI) and the relative amount of fibrosis (r = 0.93; p
< 0.0001) (Figure 3A). EVR significantly suppressed
the development of fibrosis in PCK rats (p = 0.004)
whereas LAN showed a trend to reduction (p = 0.095)
(Figure 3B). Representative histological images of
picrosirius red staining are shown in Figure 3C.

Statistical analysis

Data were analyzed using MedCalc version 14.12.0
(Medcalc, Ostend, Belgium: http://www.medcalc.
org). Descriptive statistics including mean and SE for
continuous variables were computed or median with
IQR (interquartile range) (25%-75%) as appropriate.
Differences in continuous variables between treated
and non-treated rats were investigated using, One
Way ANOVA, t-test for independent samples or the
Mann Whitney U test, as appropriate. Repeated
measurements ANOVA and serial measurements were
used to compare paired observations between groups,
as appropriate. To assess correlations, non-parametric
testing Pearson correlation coefficient was determined.
Bland-Altman plots assessed agreement in accuracy
of the techniques. To compare percentages between
2
groups, χ was used. All P values resulted from twosided statistical tests, and P < 0.05 is considered
significant.

Protein expression

Expression of components of the PI3K/Akt/mTOR
pathway was investigated. In the control animals,
we observed a very strong correlation between the
p-Akt/Akt phosphorylation ratio and the LV (r = 0.7,
p < 0.003) while the p-S6/S6 ratio correlated only
moderately (r = 0.47, p = 0.088) (Figure 4A).
There was no difference in phosphorylation of
Akt (Threonine 308) between LAN-treated PCK rats
control PCK rats, whereas S6 was significantly more
phosphorylated in the LAN group. The p-S6/S6 ratios
for LAN and controls were respectively: 2.01 (0.98;
2.53) and 0.33 (0.16; 0.76) (p < 0.001). The level
of phosphorylation of Akt at Threonine 308 was not
different between controls and EVR treated rats.
However, S6 was significantly less phosphorylated in
the EVR treated rats (Figure 4C and D).
These observations indicate that both drugs
interact with the PI3K/AkT/mTOR signaling cascade
but acting at different molecular levels (Figure 4B),
both mechanisms leading to halting of the disease in
this model of PCLD.

RESULTS
Liver volume

To validate MRI as a tool, we determined LV by two
methods. (1) In vivo LV was determined by MRI
(Figure 2A); and (2) To measure the LV ex vivo, we
removed the liver at the end of the experiment (week
28, corresponding with 3 mo of treatment). Pearson
correlation between in vivo LV (MRI) and ex vivo LV was
excellent (r = 0.99, p < 0.001) (Figure 2B) and that
allows us to use MRI as a reliable method to explore
LV. At baseline rat body weight (gram) in the 3 groups:
controls, LAN and EVR were not different, respectively:
316 (SE: 3.2); 318 (SE: 5.6) and 299 (SE: 2.7). Also
at baseline, the median LV’s (range) for controls, LAN
and EVR, were not different, respectively: 19.6 ml
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Gene expression

LAN and EVR treated rats showed a significant lower
gene expression of SSTR2 while expression of SSTR5
was increased (borderline significant) in the LAN
treated rats (Figure 5). EVR treatment resulted in
a decreased SSTR5 gene expression compared to
LAN treated animals. After 12 wk of treatment, we
observed an increased gene expression of mTOR but
not of Rptor in the EVR treated rats vs controls. LAN
treatment did not affect gene expression of mTOR.
Demonstrating again that both drugs have different
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Figure 3 Liver fibrosis in PCK rats and effect of treatment with lanreotide or everolimus. Picrosirius red collagen staining was performed on formalin fixed,
paraffin embedded liver tissue, staining was assessed using Olympus Stream image analysis software 1.9 Software. Fibrosis was expressed as percentage of
total liver parenchyma from 4 random selected samples per animal. A: Pearson correlation (r) and significance for liver volume with fibrosis in control animals; B:
Amount of fibrosis relative to total parenchyma in the livers of PCK rats after 12 wk of treatment with LAN or EVR and in controls. Results are given as mean and
SE; C: Representative images of the amount of fibrosis by picrosirius red staining in the 3 groups (original magnification × 40). CON: Control; LAN: Lanreotide; EVR:
Everolimus.

mechanisms of action on cyst growth.

Important to note is that no animals died or were
excluded for other reasons over the entire study
period. Using this non-invasive technique, we could
drastically reduce the number of animals necessary for
this study.
In the present study, we investigated the effect of
the mTOR inhibitor EVR on cyst growth since its effect
in humans or in the corresponding animal model, is still
unclear and controversial due to the limited number
[20,24]
of available studies
. We found that EVR prevented
cyst enlargement in the PCK rat model, using a clinical
relevant experimental design in which we started the
treatment at the moment of severe hepatomegaly,
mimicking the clinical situation in humans. The study
was restricted to female rats since symptomatic PCLD
mainly affects mostly women and because it has been
demonstrated that female PCK rats display a more
progressive liver enlargement compared to male PCK
rats.
Treatment with LAN induced a reduction of SSTR2
gene expression (in agreement with the expected
molecular effect of LAN). In line with previous findings
[8]
of Masyuk et al with octreotide and pasireotide,
we also observed upon treatment with LAN a mild
reduction in fibrosis compared to untreated animals
that might be an indirect effect of lower growth of
the liver cysts. With EVR however, we observed a
significant reduction of the amount of fibrosis, which
may be explained by the well-known direct effect

DISCUSSION
Similar to what is observed in human PCLD patients;
we found a large inter- and intra-litter variation of
the severity of hepatic polycystic disease in the PCK
model, which had previously also been found by
[21]
Mason et al . Therefore, there is a great need for
a reliable technique that can accurately assess LV in
this animal model and further that allows repeated
measurements during drug treatment. High Resolution
Ultrasonography has recently been used to assess
[22]
renal cysts in the PCK rats . Also, as an indirect
assessment method, T1 relaxation time was proposed
as an imaging marker of liver disease for the PCK
[23]
model
but neither of these was used to determined
LV. For the current study, we explored MRI T2 weighted
images to longitudinally measure LV and to investigate
individual responses. We validated this method in
the PCK model. We showed that it is accurate and
reproducible, with an excellent correlation between LV
determined by MRI and ex vivo LV determination. The
assessment with MRI allowed us to detect changes in
the same animal in time accurately. Treatment with
LAN was used as positive treatment control and as
expected, we observed an increase in LV with placebo
and a stabilization with LAN, an observation similar to
[10-13]
what is seen in patients with PCLD
.
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mTOR is a serine/threonine kinase and can form two
protein complexes: mTORC1 (mTOR, Rptor), which is
inhibited EVR, and mTORC2 (mTOR, Rictor). Ribosomal
protein S6 kinase (S6K) is the direct downstream
target of mTORC1 and regulates the downstream
translational initiation machinery to control cell growth,
proliferation and autophagy. mTORC 2 controls
actin cytoskeleton and resistance to apoptosis. In
animals treated with EVR, we observed an increased
mTOR gene expression which is probably due to the
prolonged administration of EVR in an attempt of the
cell to compensate for the inhibitory effects of EVR on
mTOR. S6-protein, downstream of mTOR, was less
phosphorylated in EVR-treated animals compared to
control PCK rats. Renken and colleagues investigated
sirolimus in PCK rats, the time-dependent effect
was assessed by using different groups sacrificed at
different time points. No longitudinal follow-up of LV
in the same animal was performed their study. They
could only observe subtle effects of sirolimus on mTOR[26]
specific S6 kinase in the liver . The large inter- and
intra-litter variability of hepatic disease progression
may explain why they in their study could not observe
a beneficial effect on liver disease progression. Further
studies on the molecular mechanisms involved in PCLD
in (pre)clinical models are needed.
In conclusion, our method of LV measurement with
MRI is shown to be highly sensitive and allowed us to
detect accurately changes in time in a non-invasive
way. Long-term everolimus treatment halts liver cyst
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Figure 5 Liver gene expression of target genes for LAN treatment (SSTR2,
SSTR5) and for PI3K/Akt/mTOR pathway (mTOR, Rptor). A: expression of
the Somatostatin receptors SSTR2 and SSTR5; B: expression of mTOR and of
Rptor. The mean for delta Ct value (with SE) is given vs that for the reference
(housekeeping gene) β 2M. To be noted, a higher value means a lower
expression. CON: Control; LAN: Lanreotide; EVR: Everolimus.
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is given together with significance; B: Simplified schematic presentation of
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[25]

of mTOR inhibition on fibrosis progression . Since
PCLD, belonging to the fibrocystic liver diseases, is
complicated in a later stage by portal hypertension,
the present observations further support an additional
potential clinical benefit of this drug on portal hyper
tension by reducing the amount of fibrosis.
The molecular observations made in this model (the
combination of protein and gene expression) indicate a
dysregulation of the PI3K/AkT/mTOR signaling cascade
by both LAN and EVR, each acting at a different level
and both mechanisms leading to halting of the disease.
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growth and reduces the development of fibrosis in this
rat model. Our observations support the rational to
explore further everolimus for the prevention of the
development of symptomatic liver disease, such as in
patients with ADPKD after kidney transplantation who
are in need of an immunosuppressive drug.

2

3

COMMENTS
COMMENTS
Background

The polycystic liver diseases (PCLD) represent a group of genetic disorders,
in which cysts occur in the liver (ADPLD), or occur as well in the liver as in the
kidneys (ADPKD). In PCLD, the liver becomes polycystic at a late stage, e.g.,
in ADPKD patients, the prevalence is 85%, and 94% in subgroups of age (resp.
25 to 34, and 35 to 46 year). Most of the patients with PCLD are asymptomatic;
however, in a subpopulation of 1%-3%, expansion of liver cysts cause
invalidating abdominal symptoms furthermore, symptomatic ADPLD patients
are mainly females. The most common complication in patients with PCLD is
extensive hepatomegaly, which may lead to malnutrition and can be lethal and
cyst-related complications include hemorrhage, infections, and rupture. There
is no medical treatment approved for PCLD and to date, the only definitive
treatment in those patients with large liver volumes (LV) is liver transplantation
(LT).

4

Research frontiers

7

5

6

Octreotides and lanreotides have been shown to reduce LV in patients with
PCLD, beneficial effects of mTOR-inhibition in patients is still a matter of debate.
This was investigated in these experiments in the PCK-rat model of PCLD as
preclinical evaluation. The authors designed the study representative for the
hospital situation and started treatment at the moment of marked hepatomegaly
(representing the symptomatic female patient). They developed and validated a
MRI-based method to determine LV that can be used for longitudinal follow-up
of disease progression and supported the observations with molecular analysis.

8

Innovations and breakthroughs

9

The authors developed a unique MRI-based method that was shown to be
sensitive and statistically reliable. Repeat measurements allowed for monitoring
individual responses and reducing the number of animals required for this type
of study. This method is a great step forward for it allows preclinical testing
of drugs for PCLD under controlled conditions. Everolimus looks beneficial to
reduce the cyst volume in PCLD with a secondary benefit on fibrosis.

10

Applications

The imaging technique that they describe can be used to study drugs or drug
combinations in preclinical setting in the representative animal model of PCK
rats that for logistic reasons (number of symptomatic patients, slow progress
of the disease, inter-individual variation of progression) is difficult to organize
in patients. Ultimately, this approach can lead to a reduction of patients that
require a transplantation. Polycistic liver and kidney diseases are closely
related. Kidney transplantation is a frequent treatment for autosomal dominant
polycystic kidney disease (ADPKD, autosomal dominant PKD or adult-onset
PKD), and this study gives arguments to use everolimus in patients that need
immunosuppression as it can have beneficial effects for the livers at risk in
ADPKD patients and complications due to progressive fibrosis.

11

12

Peer-review

13

In this study, authors have shown that everolimus halts hepatic cystogenesis
in a rodent model of PCLD. They have developed a MRI-based method for
accurate determination of LV and investigated that everolimus halted cyst
growth comparable to lanreotide and reduced the development of fibrosis,
mTOR-inhibition should be further explored in PCLD patients especially those
that need immunosuppression. The study has been well performed.
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Abstract
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AIM
To investigate the microRNA expression profile in
esophageal neosquamous epithelium from patients who
had undergone ablation of Barrett’s esophagus.
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METHODS
®
High throughput screening using TaqMan Array
Human MicroRNA quantitative PCR was used to
determine expression levels of 754 microRNAs in distal
esophageal mucosa (1 cm above the gastro-esophageal
junction) from 16 patients who had undergone ablation
of non-dysplastic Barrett’s esophagus using argon
plasma coagulation vs pretreatment mucosa, posttreatment proximal normal non-treated esophageal
mucosa, and esophageal mucosal biopsies from 10
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controls without Barrett’s esophagus. Biopsies of
squamous mucosa were also taken from 5 cm above
the pre-ablation squamo-columnar junction. Predicted
mRNA target pathway analysis was used to investigate
the functional involvement of differentially expressed
microRNAs.

Sreedharan L, Mayne GC, Watson DI, Bright T, Lord RV, Ansar
A, Wang T, Kist J, Astill DS, Hussey DJ. MicroRNA profile in
neosquamous esophageal mucosa following ablation of Barrett’s
esophagus. World J Gastroenterol 2017; 23(30): 5508-5518
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i30/5508.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i30.5508

RESULTS
Forty-four microRNAs were differentially expressed
between control squamous mucosa vs post-ablation
neosquamous mucosa. Nineteen microRNAs were
differentially expressed between post-ablation
neosquamous and post-ablation squamous mucosa
obtained from the more proximal non-treated
esophageal segment. Twelve microRNAs were
differentially expressed in both neosquamous vs
matched proximal squamous mucosa and neosquamous
vs squamous mucosa from healthy patients. Nine
microRNAs (miR-424-5p, miR-127-3p, miR-98-5p, miR187-3p, miR-495-3p, miR-34c-5p, miR-223-5p, miR539-5p, miR-376a-3p, miR-409-3p) were expressed at
higher levels in post-ablation neosquamous mucosa
than in matched proximal squamous and healthy
squamous mucosa. These microRNAs were also more
highly expressed in Barrett’s esophagus mucosa than
matched proximal squamous and squamous mucosa
from controls. Target prediction and pathway analysis
suggests that these microRNAs may be involved in
the regulation of cell survival signalling pathways.
Three microRNAs (miR-187-3p, miR-135b-5p and
miR-31-5p) were expressed at higher levels in postablation neosquamous mucosa than in matched
proximal squamous and healthy squamous mucosa.
These miRNAs were expressed at similar levels in preablation Barrett’s esophagus mucosa, matched proximal
squamous and squamous mucosa from controls. Target
prediction and pathway analysis suggests that these
microRNAs may be involved in regulating the expression
of proteins that contribute to barrier function.

INTRODUCTION
The incidence of esophageal adenocarcinoma has
increased rapidly in the western world over recent
decades, with overall 5-year survival rates of app
[1]
roximately 15% . A strategy to improve survival
outcome is early detection of cancer, or detection at the
pre-malignant stage - high grade dysplasia. Barrett’s
[2]
esophagus is the precursor to adenocarcinoma , and
results from a metaplastic change of normal esophageal
squamous epithelium to columnar epithelium with
[3,4]
intestinal differentiation . This is a consequence
of chronic gastro-esophageal reflux, and it can be
[4]
identified in 1%-2% of individuals aged over 60 .
Barrett’s esophagus progresses to cancer in a sequential
[2]
manner through low and then high grade dysplasia .
The risk of progression of non-dysplastic Barrett’s
esophagus to adenocarcinoma has been reported to
be 0.2%-0.5% per patient year for patients enrolled in
[1]
surveillance programs .
Endoscopic surveillance remains the mainstay
of cancer prevention in individuals with Barrett’s
esophagus, and definitive management by surgery
or endoscopy is reserved for individuals who develop
[5]
high grade dysplasia or cancer . Several endoscopic
treatments are widely used for the treatment of high
grade dysplasia or early cancer in Barrett’s esophagus,
including radiofrequency ablation, argon plasma
coagulation, and endoscopic mucosal resection.
Generally, endoscopic therapy for Barrett’s eso
phagus aims to completely eradicate any columnar
mucosa, although persistent genomic alterations at
[6]
tumour suppressor loci have been found after ablation .
Even though endoscopic removal of Barrett’s esophagus
by ablative therapies is possible in the majority
[7]
of patients , there is still a risk of recurrence and
progression to adenocarcinoma following complete
eradication of Barrett’s esophagus. As a result endo
scopically treated patients are maintained under
[4]
surveillance .
There have also been concerns about the risk of
recurrence associated with residual sub-squamous
glandular tissue which is not visible with a white
[8]
light endoscope. However, Basu et al reported that
sub-squamous glandular tissue was not associated
with recurrence of Barrett’s esophagus in patients
with effective acid suppression after argon plasma

CONCLUSION
Neosquamous mucosa arising after ablation of Barrett’s
esophagus expresses microRNAs that may contribute
to decreased barrier function and microRNAs that
may be involved in the regulation of survival signaling
pathways.
Key words: Neosquamous; Barrett’s esophagus; Ablation
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We report that the microRNA profile of
esophageal neosquamous mucosa developing after
ablation of Barrett’s esophagus is different to normal
squamous epithelium, and that the differentially
expressed microRNAs in neosquamous mucosa may
regulate survival signalling pathways and contribute to
decreased barrier function in the esophagus.
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coagulation ablation, and newer ablation modalities
such as radio frequency ablation appear to have largely
[9]
eliminated this problem , due to increased control of
[10]
depth and uniformity of tissue ablation . There have
been several reports of patients progressing to cancer
in whom Barrett’s esophagus has been completely
[11-13]
eradicated
, and this has brought into question
the “normality” of the regenerated neosquamous
epithelium. In a previous study we observed that the
expression levels of cytokeratins CK-8 and CK-14,
and microRNA-205, are similar in post-ablation
neosquamous epithelium and more proximal normal
squamous epithelium from patients with Barrett’s
esophagus. However, microRNA-143 expression, which
[14]
is elevated in Barrett’s esophagus , was elevated in
post-ablation neosquamous mucosa and in squamous
mucosa above the metaplastic segment compared
to squamous epithelium from healthy patients, sug
gesting that the regenerated neosquamous mucosa
[15]
might not be “normal” .
MicroRNAs are short (about 22 nucleotides) noncoding RNA molecules that regulate gene expres
sion. Because a single microRNA can target several
mRNAs, dysregulated microRNA expression can
impact on key biological pathways and contribute
[16]
to cancer development . Dysregulated microRNA
expression along the squamous - Barrett’s - dysplasia
- adenocarcinoma pathway has been reported by
[3,14,17-19]
several groups
. In the current study we profiled
global microRNA expression in esophageal mucosa
before and after ablation of Barrett’s esophagus using
Argon plasma coagulation. Our aim was to further
investigate differences in microRNA expression between
neosquamous and normal squamous mucosa, and to
investigate how these differences might contribute to
altered biology using predicted targets and pathway
analysis.

enrolment in the trial, at pre and post-treatment
sample collection, and at Barrett’s esophagus ablation.
All patients underwent baseline endoscopy and
biopsies from the distal esophageal mucosa were
collected as described below. Biopsies were assessed
by standard histopathological techniques. The
presence of intestinal metaplasia and the absence
of dysplasia within the Barrett’s esophagus segment
were confirmed in all patients. The pre-ablation
length of Barrett’s esophagus ranged from 1-10 cm in
length (median 3 cm). Patients underwent endoscopic
Argon plasma coagulation ablation following baseline
endoscopy. The details of the ablation protocol have
[20]
been described in detail previously . Of the patients
contributing tissues to the current study, complete
ablation of the Barrett’s esophagus was achieved in
13 of 16 (82%). In the other 3, 95%, 99% and 95%
ablation was achieved. Patient-matched post ablation
neosquamous and proximal squamous samples were
included in the study.

Biopsy collection

Four quadrant esophageal biopsies were taken com
mencing from 1 cm above the gastro-esophageal
junction and then every 2 cm proximally for the length
of the Barrett’s segment and sent for histopathology.
An additional three biopsies were collected for research
purposes from each sampled level of the Barrett’s
®
esophagus, and stored in RNAlater (Ambion, Austin,
Texas, United States) as per the manufacturer’s
protocol.
Repeat endoscopy was performed at a median of
6 wk (inter quartile range 4.96-6.5 wk) after the last
ablation treatment and biopsies were collected from
the post-ablation neosquamous esophageal mucosa
using the same biopsy collection protocol. Additional
biopsies were collected 5 cm above the proximal
margin of the pre-ablation Barrett’s mucosa, and the
corresponding site post-ablation for use as patientmatched non-regenerated squamous esophageal
mucosa.
Biopsies collected from patients who had undergone
Barrett’s esophagus ablation were selected for analysis
from the following sites: (1) pre-ablation Barrett’s
esophagus mucosa (columnar mucosa with intestinal
metaplasia), 1 cm above the gastro-esophageal
junction; (2) post-ablation neosquamous mucosa, 1
cm above the gastro-esophageal junction; and (3)
post-ablation squamous mucosa, 5 cm above the level
of the pre-ablation squamo-columnar junction.
Endoscopic esophageal mucosal biopsies were also
collected at endoscopy from fourteen control individuals
of median age 51.9 (range 24.1-71.0) with no known
esophageal disease. These biopsies were taken from
the distal esophagus, at an equivalent distance from
the gastro-esophageal junction to the neosquamous
mucosal biopsies, to allow direct comparison of the
biopsies from normal squamous mucosa from the

MATERIALS AND METHODS
The methods used for the tissue collection and pro
[15]
cessing are described in our previous study , and
reproduced here for completion.

Tissue collection

Esophageal mucosal tissue was collected before and
after Argon plasma coagulation ablation of Barrett’s
esophagus from 16 individuals of median age 54.2
years (range 28.9-68.1) who were enrolled in the
treatment arms of previously reported randomised
controlled trials of Barrett’s esophagus ablation vs
[20]
endoscopic surveillance . Barrett’s esophagus was
defined as columnar epithelium in the distal esophagus
with histological confirmation of the presence of
intestinal metaplasia. All patients were free of reflux
symptoms following treatment of gastro-esophageal
reflux, by either high dose proton pump inhibitors (n
= 8) or a laparoscopic fundoplication (n = 8); before
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®

control patients to the biopsies of neosquamous
mucosa from the patients who underwent ablation.
The inclusion criteria for the control patients were: (1)
no reflux symptoms; (2) endoscopy was not under
taken for the investigation of reflux; (3) no macro
scopic esophagitis seen at endoscopy; (4) gastroesophageal junction closed when viewed from within
the esophagus; and (5) gastro-esophageal junction
snug around the endoscope when viewed with the
retroflexed endoscope.

Analysis of microRNA expression data

Raw fluorescence data was exported from the Open
®
Array Real-Time qPCR Analysis Software (BioTroveTM,
version 1.0.4) to a comma delimited text file. A Ct
(cycle threshold) value was determined for each
individual qPCR assay by using the statistical software
R (version 3.0.2) to fit a 3-parameter logistic curve,
assuming an amplification efficiency of 2, to the raw
fluorescence data of each microRNA, and the Ct of
each qPCR was determined using the second derivative
maximum of the fitted logistic curve. PCR reactions
that did not amplify were assigned a Ct value of 40.
To investigate whether any of the samples had low
quality data we used the “detector profiling across sam
®
ples” module in the RealTime PCR Statminer software
analysis program (v4.5, Integromics) to examine the
correlations of Ct values between samples from the
same epithelial tissue type across all of the amplified
microRNAs. Samples that had multiple outliers were
excluded from further analysis.
®
For normalisation of the OpenArray microRNA
expression data we selected 14 microRNAs using
the following criteria: (1) they were expressed in all
samples and at high levels (median Ct < 30); (2) they
were not statistically different in epithelial tissue type
comparisons (Welch's t-test, P > 0.1); and (3) they
were the least variable miRNAs (coefficient of variation
< 1.0 for relative levels in each epithelial tissue type).
The values for these selection criteria for each of the
14 microRNAs used for normalisation, plus mature
nucleic acid sequences and Accession numbers, are
presented in Supplementary Table 1.
The relative levels of the microRNAs were deter
(40-Ct)
mined using the formula 2
, and were normalized
using the geometric mean of the relative levels of the
14 House Keeping Genes. The data was pre-filtered
using the following criteria to include microRNAs that
were more likely to be informative: (1) each microRNA
had to have at least 50% of samples amplified in one
of the comparison groups; and (2) the differential
expression between groups had to be greater than 1.4
fold. Mann Whitney U tests were then used to discover
differentially expressed microRNAs in control squamous
mucosa vs post-ablation neosquamous mucosa, and
in post-ablation squamous mucosa vs post-ablation
neosquamous mucosa. False discovery rates (the
proportions of false positives) were estimated for
each epithelial tissue type comparison. MicroRNAs
that had P < 0.05 in both of these epithelial tissue
type comparisons were termed “overlapping miRNAs”.

Biopsy processing and RNA extraction

All biopsy samples for the study were immediately
®
stored in RNAlater (Ambion, Austin, Texas, United
States) as per the manufacturer’s protocol at -20 ℃
until required. When required, the samples were
thawed and RNAlater removed. Twenty-five precent of
each tissue sample was fixed in formalin and embedded
in paraffin for histopathology to confirm that the
sample contained the required epithelium. This protocol
[21]
has been described in detail previously . There were
no buried sub-squamous columnar glands detected by
histopathology in any of the biopsies of neosquamous
mucosa used in this study. The remaining tissue was
used for gene expression analysis. RNA was extracted
using Trizol (Invitrogen, Carlsbad, CA, United States),
and RNA concentration was determined using a
Biophotometer (Eppendorf AG, Hamburg, Germany).

Taqman® open array® Micro-RNA profiling
®

TaqMan Array Human MicroRNA Card Set (A and
B) v3.0 was used to profile the expression of 754
[22]
microRNAs . The extracted RNA was reverse
transcribed using Megaplex™ RT Primers Pool A and
B. Each reverse transcription reaction had a final
volume of 7.5 μL, and contained 45 ng of total RNA
in 3 μL, and 4.5 μL of RT reaction mix containing
reverse transcriptase, Megaplex™ RT Primers Pool A
and B, and other reverse transcription agents. The
recommended RT thermal cycling conditions were
used: (16 ℃, 2 min; 42 ℃, 1 min; 50 ℃, 1 s for 40
cycles); 85 ℃, 5 min; 4 ℃ hold. 2.5 μL of RT product
(cDNA) was added to 22.5 μL of PreAmp Reaction
mix, containing Megaplex™ RT Primers Pool A or B
®
and TaqMan PreAmp Master Mix to increase the
®
quantity of cDNA prior to PCR on the Taqman Open
®
Array Micro-RNA Panels. The final volume (25 μL) of
preamplification reaction mix underwent the following
thermo cycling conditions: 95 ℃ 10 min; 55 ℃ , 2
min; 72 ℃, 2 min; (95 ℃, 15 s, 60 ℃, 4 min for 12
cycles), 99.9 ℃, 10 min; 4 ℃ hold. Four microlitres
of each preamplified product was diluted in ultrapure
water (156 μL) to give a final dilution of 1:40 as per
recommended protocol. For the real-time PCR 22.5 μL of
®
®
Taqman Open Array Real-Time PCR Master Mix was
added to 22.5 μL of preamplification product to give a total
volume of 45 μL. Five microlitres of each PCR Reaction mix
®
was added to 8 wells on an OpenArray 384-Well-sample
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plate. The Taqman Open Array Micro-RNA Panel was
loaded with the samples from the 384-Well-sample
plate using the standard AccuFill™ method. Open
®
Array Real-Time qPCR was performed on the loaded
®
®
Taqman Open Array Micro-RNA Panel using an Open
®
Array Real-Time PCR instrument and recommended
software.
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Subset analyses were subsequently performed for
these overlapping microRNAs in 2 sub-groups: (1)
patients who were treated either medically or surgically
for reflux; and (2) patients in whom complete abla
tion was achieved vs all patients. This was done by
averaging the differential expression and the Mann
Whitney U test P values in each patient subgroup for
the overlapping microRNAs. Differences between the
groups in (1) differential expression; and (2) Mann
Whitney U test P values were tested using Welch’s t-test.
The statistical methods of this study were reviewed by
Professor Richard Woodman from Flinders University.
The overlapping miRNAs were further investigated
to compare the direction of differential expression
of these microRNAs in post-ablation neosquamous
mucosa vs control squamous mucosa and post-ablation
squamous mucosa, to the direction of differential
expression in Barrett’s esophagus mucosa vs control
squamous mucosa and post-ablation squamous
mucosa. The potential roles of the overlapping miRNAs
in regulating cellular processes were investigated using
biological pathway enrichment analysis (described in
next section).

available within InnateDB).

RESULTS
Post-ablation neosquamous vs control squamous
mucosa comparison

Forty-four microRNAs were differentially expressed
at P < 0.05 between control squamous mucosa and
post-ablation neosquamous mucosa (Supplementary
Table 2). Thirty-three of these microRNAs had higher
expression in post-ablation neosquamous mucosa vs
control squamous mucosa, and 25 of these had a fold
difference greater than 2. There were 11 microRNAs
that had lower expression in post-ablation neosquamous
mucosa vs control squamous mucosa, although only 2
of these were expressed at levels of 50% or less.

Post-ablation neosquamous vs post-ablation squamous
mucosa comparison

Nineteen microRNAs were differentially expressed at
P < 0.05 between post-ablation neosquamous and
post-ablation squamous mucosa (Supplementary Table
3). Fourteen microRNAs had higher expression and
5 microRNAs had lower expression in post-ablation
neosquamous mucosa compared with post-ablation
squamous mucosa.

Biological pathway enrichment analysis of overlapping
microRNAs

To identify highly predicted mRNA targets of the
differentially expressed microRNAs in neosquamous
mucosa, we used the Predicted Target Module of
[23]
miRWalk v2
(http://zmf.umm.uni-heidelberg.de/
apps/zmf/mirwalk2/). To generate the putative target
genes list we used a minimum seed length of 7 and/
or P value < 0.05, from position 1 of the 3’ UTR, and
included extra databases: RNA22 (https://cm.jefferson.
edu/rna22/), miRanda (http://www.microrna.org/
microrna/home.do) and Targetscan (http://www.
targetscan.org/vert_71/). The predicted lists for each
microRNA were then screened to identify mRNAs
that were predicted to be the targets of at least two
different microRNAs.
To identify pathways containing a statistically
significant number of predicted targets, we used a
publicly available, manually curated signalling pathway
[24]
database
(http://www.innatedb.com/redirect.
do?go=batchPw). The target list was subjected to a
Pathway Enrichment Analysis which groups target
genes according to function, and identifies further
components and associated networks. The target
list (in REFSeq ID format) was analysed using
InnateDB, which identifies statistically enriched
pathways by testing for over-representation using
the Hypergeometric distribution (by default; other
distributions are available), and by using the Benjamini
Hochberg correction for multiple tests (by default).
InnateDB uses multiple curated databases for the
pathway analysis: Reactome (http://www.reactome.
org/), KEGG (http://www.genome.jp/kegg/), PID
Biocarta and PID NCI (http://www.home.ndexbio.
org/), NetPath (http://www.netpath.org/), INOH (only
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MicroRNAs that were different in both control squamous
vs post-ablation neosquamous mucosa and postablation neosquamous vs post-ablation squamous
mucosa

Due to the large number of microRNAs that were
assayed it is possible that some differentially expressed
microRNAs occurred by chance alone and are thus false
positives. We therefore estimated the false discovery
rate (FDR) in each epithelial tissue type comparison:
in control squamous vs post-ablation neosquamous
mucosa the FDR was 11%, and in the post-ablation
squamous vs post-ablation neosquamous mucosa the
FDR was 19%. The post-ablation squamous vs postablation neosquamous comparison could also identify
microRNAs associated with differential expression along
[25]
the length of the esophagus . In order to address
these issues we investigated whether there were
microRNAs that were differentially expressed in both
epitheilial tissue type comparisons. We reasoned that
because the control squamous mucosa samples were
obtained from different patients to the post-ablation
squamous mucosa, any differentially expressed
microRNAs found in both mucosal comparisons were
much less likely to be due to chance alone. This
approach identified 12 microRNAs that were present
in both control squamous vs post-ablation neosqua
mous mucosa and the post-ablation squamous vs
post-ablation neosquamous mucosa groups (Table 1).
Scatter plots for the 12 overlapping microRNAs are in
Supplementary Figure 2. OpenArray assay identifiers,
miRBase names and accession numbers, and mature
nucleotide sequences for these overlapping microRNAs
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Table 1 Fold differences in gene expression and Mann Whitney U test P values for the microRNAs that were differentially
expressed in both post-NS vs control-S and post-NS vs post-S mucosa comparisons
Mature miRNA

Post-NS/control-S

P value

Post-NS/ Post-S

P value

Higher in pre-BE vs post-NS

485.2
2.0
6.4
3.0
208.1
6.8
47.0
1.44
396.3
230.9
4.8
7.2

0.00002
0.00071
0.00145
0.00224
0.00414
0.00502
0.00502
0.00869
0.01223
0.02306
0.02675
0.02675

233.7
1.7
3.1
2.5
2.7
4.6
46.1
1.5
512.9
204.5
3.8
201.2

0.00053
0.00363
0.02673
0.00821
0.01196
0.00272
0.02673
0.00632
0.04478
0.01350
0.03305
0.03305

Yes
No
Yes
Yes
No
Yes
Yes
No
Yes
Yes
Yes
Yes

miR-424-5p
miR-135b-5p
miR-376c-3p
miR-135a-5p
miR-187-3p
miR-409-3p
miR-214-5p
miR-31-5p
miR-199a-5p
miR-223-5p
miR-127-3p
miR-136-3p

Table 2 Predicted molecular pathways of the mRNA targets of differentially expressed microRNAs that are increased in
neosquamous but not Barrett’s esophagus mucosa
Pathway name

Pathway uploaded gene
count

Genes in InnateDB for
this entity

Pathway P value

Pathway P value
(corrected)

5
14
7
7

43
606
169
183

1.57E-05
1.31E-04
2.56E-04
4.15E-04

0.005
0.022
0.028
0.035

Ion transport by P-type ATPases
Transmembrane transport of small molecules
Ion channel transport
Calcium signaling pathway

Predicted molecular pathways using miRWalk to generate predicted mRNA targets of the microRNAs differentially expressed in both Neosquamous
vs healthy control and Neosquamous vs Proximal squamous comparisons, and InnateDB to identify pathways in which the mRNA targets are overrepresented.

are in Supplementary Table 4. All of these microRNAs
were more highly expressed in post-ablation neos
quamous tissues, and 10 of the 12 overlapping
microRNAs had similar fold differences in the two
groups. In both comparisons miR-424-5p was the most
significantly differentially expressed microRNA (Table 1).
We further investigated these overlapping miRNAs in
subsets of the data (patients with complete ablation vs
all patients, and patients who were medically treated vs
surgically treated for reflux) and did not find significant
differences in differential expression between these
subset groups (Supplementary Tables 7 and 8).
The 12 overlapping microRNAs were further inve
stigated to determine their levels of expression in preablation Barrett’s esophagus mucosa. The expression
levels of 9 of the 12 overlapping microRNAs were higher
in Barrett’s esophagus mucosa than in the squamous
mucosa, and for all of these 9 microRNAs their expression
in post-ablation neosquamous mucosa was in the same
direction (i.e., higher) as in the Barrett’s esophagus
mucosa (Table 1; Figure 1A for a representative
example). For the remaining 3 microRNAs the levels
in the Barrett’s esophagus mucosa were not different
to the non-neosquamous mucosa (Figure 1B for a
representative example).

to be increased in Barrrett’s esophagus mucosa relative
to non-neosquamous mucosa mirWalk predicted
1566 mRNA targets, and 163 mRNAs with 2 or more
microRNAs targeting them (Supplementary Table
5). Pathway analysis using InnateDB indicated that
the predicted target mRNAs are involved in active
membrane transport and in calcium signalling (Table
2). For the 9 microRNAs that are increased in both
neosquamous and Barrett’s esophagus mucosa relative
to squamous mucosa mirWalk predicted 3297 mRNA
targets, and 839 mRNAs with 2 or more microRNAs
targeting them (Supplementary Table 6). Pathway
analysis using InnateDB indicated that the predicted
target mRNAs are involved in hemostasis and in cell
survival pathways (Table 3).

DISCUSSION
Over the last decade, endoscopic treatment of high
grade dysplasia and early cancer arising in Barrett’s
esophagus has largely superseded surgical resection,
because of the perception of reduced morbidity,
and the lower risk of lymph node metastases when
cancer stage is limited to no worse than stage
[26,27]
T1a
. Consensus guidelines for endoscopic therapy
suggest that complete eradication of all Barrett’s
esophagus mucosa is required to eliminate the risk of
[28,29]
metachronous and covert synchronous neoplasia
.
However, increasing evidence suggests that complete

Target prediction and pathway analysis of the
overlapping microRNAs

For the 3 overlapping microRNAs that were found not
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Table 3 Predicted molecular pathways of the mRNA targets of differentially expressed microRNAs that are increased in both
neosquamous and Barrett’s esophagus mucosa
Pathway uploaded gene count Genes in InnateDB for this entity Pathway P value Pathway P value (corrected)

Pathway name
JAK STAT pathway and regulation
Hemostasis
Regulation of bad phosphorylation

A

28
41
7

273
508
23

B

6

5.41E-06
1.68E-05
2.36E-05

0.005
0.005
0.006

8

miR-187-3p

miR-424-5p

6
4

2

4

2

0

Control-S

Post-S

Post-NS

Pre-BE

0

Control-S

Post-S

Post-NS

Pre-BE

Figure 1 Normalised relative expression levels in control squamous mucosa (control-S), post-ablation squamous mucosa (post-S), post-ablation
neosquamous mucosa (post-NS) and pre-ablation Barrett’s esophagus mucosa (pre-BE) of representative microRNAs, miR-424-5p (A) and miR-187-3p (B).
Horizontal bars are medians.
[32]

eradication of Barrett’s esophagus might not eliminate
the risk of cancer in some patients. For example,
[11]
Templeton et al
(2014) reported three patients who
progressed to invasive adenocarcinoma despite prior
complete eradication of Barrett’s esophagus using
endoscopic therapy. Even after re-treatment and
complete endoscopic eradication of the post-ablation
recurrences of Barrett’s esophagus, Guthikonda
[12]
et al
(2016) reported a progression rate to invasive
cancer of 2.1% per year, and predicted that 5.1%
(Kaplan Meier model estimate; 95%CI: 0.0-11.3) of
re-treated patients would experience invasive cancer
progression by 5 years after complete eradication
[12]
of Barrett’s esophagus . In a meta-analysis of 21
radiofrequency ablation studies that reported 603 cases
of Barrett’s esophagus recurrence from 3186 patients,
pooled incidence ratios (IR’s) of recurrent Barrett’s
esophagus, dysplastic Barrett’s esophagus, and HGD/
EAC were 9.5% (95%CI: 6.7-12.3), 2.0% (95%CI:
1.3-2.7), and 1.2% (95%CI: 0.8-1.6) per patient[13]
year, respectively . Ongoing endoscopic surveillance
has therefore been recommended after eradication
of Barrett’s esophagus to monitor for recurrence and
disease progression.
It has been suggested that residual sub-squamous
glandular tissue after ablation may contribute to the
progression of Barrett’s esophagus to high grade
[30,31]
dysplasia and adenocarcinoma
. For example,
it has been reported that after argon plasma coagu
lation ablation buried glandular tissue underneath
neosquamous mucosa had higher levels of cancer
associated biomarkers (Ki67, COX-2, BCL-2) than
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[8]

normal esophageal epithelium . However, Basu et al
(2002) reported that the presence of buried Barrett’s
glands was not associated with recurrence in patients
with effective acid suppression after argon plasma
coagulation ablation. Furthermore, neosquamous
epithelium has been reported not to contain genetic
abnormalities after radio frequency ablation in patients
who had pre-ablation Barrett’s esophagus containing
[9]
early cancer or high-grade dysplasia .
In an earlier study we investigated neo-squamous
mucosa in patients who had undergone argon plasma
coagulation ablation of non-dysplastic Barrett’s
esophagus, and observed that expression levels of
miR-143 were elevated in neosquamous epithelium
and biopsies from squamous epithelium above
the metaplastic segment, compared to squamous
[15]
epithelium from controls without Barrett’s esophagus .
miR-143 has also been shown to have increased
expression in Barrett’s esophagus mucosa. This study
suggested that post-ablation neosquamous epithelium
might not be normal, and might express persistent
molecular markers consistent with the original Barrett’s
esophagus.
In our current study we used post-ablation mucosa
from patients who did not have dysplasia or early
cancer to further investigate the biology of the neosqua
mous epithelium, and it is unlikely that these biopsies
would have contained residual dysplasia associated
[32]
biomarkers , or be effected by DNA mutations that
[6]
are commonly found in dysplastic tissues .
We sought to strengthen our approach by restricting
the list of microRNAs to those that are differentially
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expressed in both neosqamous vs independent
squamous mucosa from control individuals, and in
neosquamous vs paired proximal squamous mucosa
comparisons. This approach should minimise the
issues associated with inter-individual variation,
epithelial repair, and tissue proximity to the gastroesophageal junction as possible causes of differences
in microRNA expression. This approach produced 12
microRNAs that were differentially expressed in both of
the squamous mucosa comparisons.
To investigate the potential biological effects of
the differential expression of these 12 microRNAs we
utilized miRWalk to predict their mRNA targets, and
InnateDB to assess which potential signalling pathways
these mRNAs are involved in. This approach identified
signalling pathways which the differentially expressed
miRNAs might be regulating.
Nine microRNAs were expressed at higher levels
in both neosquamous and pre-ablation Barrett’s
mucosa, vs both squamous mucosa from controls and
proximal squamous mucosa collected after ablation
from the ablation patients. The predicted mRNA targets
of these microRNAs are involved in the JAK-STAT
signalling pathway, and in the regulation of the antiapoptotic family member, Bad. Three of the discovered
microRNAs have been reported to have targets involved
[33-35]
in hemostasis
.
The JAK-STAT signalling pathway transmits informa
tion from extracellular signals directly to the cell
nucleus, and results in expression of genes involved in
proliferation, differentiation, apoptosis and oncogenesis.
The JAK-STAT3 pathway is activated by IL-6 in Barrett’
s esophagus, and this promotes survival of the meta
[36,37]
plastic intestinal cells
. However, activated JAKSTAT has been reported to be undetectable in normal
[38]
esophageal squamous mucosa , so the effect of
altered regulation of this pathway in neosquamous
mucosa is not clear.
Three microRNAs were increased in neosquamous,
but not pre-ablation Barrett’s esophagus mucosa, vs
both healthy squamous and post-squamous mucosa.
The predicted mRNA targets of these microRNAs are
potentially involved in regulating pathways involved
in transmembrane transport of small molecules, in
ion channel transport, and in ion and lipid transport
by P-type ATPases (which includes the calcium pump,
2+[39]
Ca ATPase). Jovov et al
(2013) found that postablation neosquamous epithelium has decreased
barrier function, measured as persistent paracellular
[39]
permeability to ions and uncharged molecules ,
so these active transporter targets are likely to be
involved in the regulation of barrier protection. This is
an important consideration because acid reflux injury
has been implicated in the development of intestinal
metaplasia, and decreased barrier function may
therefore contribute to recurrence in patients with
uncontrolled reflux following successful ablation.
The mucosal biopsies used in this study were
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from patients treated with Argon Plasma Coagulation
ablation. These were collected as part of clinical trials
previously established in our institution and were
[20]
therefore readily available to us . The use of biopsies
from patients treated with argon plasma coagulation
ablation is a potential limitation of our study, since
radiofrequency ablation is now the standard technique
for ablation of Barrett’s esophagus due to its ease
[40]
of use and consistent depth of tissue destruction .
However, some patients in whom complete eradication
has been achieved following radiofrequency ablation
have still progressed to invasive cancer, which suggests
that post radiofrequency ablation neosquamous
epithelium may also not be normal. It is worth noting
that the above described report of decreased barrier
function in neosquamous mucosa was associated
[39]
with radiofrequency ablation . Future studies of
neosquamous epithelium miRNA profile should
therefore include other endoscopic methods such as
radiofrequency ablation and endomucosal resection,
and validation in independent cohorts.
The observed decrease in barrier function in
neosquamous mucosa is consistent with reports of
an association between recurrence after ablation
and persistent reflux, and with reduced proton pump
[41]
inhibitor dosing. Kahaleh et al
(2002) found that
persistence of acid reflux and greater length of
diseased segment were the major factors associated
with a recurrence after successful initial reversal with
[8]
argon plasma coagulation ablation. Basu et al (2002)
reported that patients who reduced their dose of the
proton pump inhibitor omeprazole to 20 mg once
daily or less after argon plasma coagulation ablation
had significantly greater recurrence of intestinal
[8]
metaplasia . Conversely, in patients with complete
squamous regeneration after argon plasma coagulation
ablation who took a high dose of omeprazole (40 mg
three times a day) there were no relapses or evidence
of dysplasia under continuous acid suppression during
[42]
a median follow-up of 12 mo (range 2 to 51 mo) .
Three (miR-424-5p, miR-223-5p, miR-409-3p) of the
microRNAs that are increased in neosquamous mucosa
relative to post-squamous and control-squamous
mucosa have been reported to be up-regulated in
esophageal adenocarcinoma relative to Barrett’s
[18]
esophagus and normal squamous tissues. Wu et al
(2013) observed progressively increased expression of
miR-424-5p, miR-223-5p and miR-409-3p from normal
squamous epithelium to Barrett’s to adenocarcinoma.
MiR-223-5p and miR-409-3p have also been reported
to be overexpressed in serum exosomes from patients
[43]
with esophageal adenocarcinoma .
In conclusion, this study demonstrates that the miRNA
expression profile in neosquamous mucosa, following
argon plasma coagulation ablation of Barrett’s esophagus,
is significantly different from normal squamous mucosa.
The main strength of this study is that the mucosal
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materials, methods and results are presented in an understandable way (I will
add minor comments).

biopsies were not from patients who were treated for
dysplasia or cancer. Our results suggest that altered
miRNA expression may contribute to the previously
reported defective barrier function in neosquamous
epithelium, and this may place the mucosa at in
creased risk of disease progression relative to normal
esophageal squamous mucosa. Further research to
explore the roles of miRNAs in the response to ablation
of Barrett’s esophagus, and the long term behaviour of
neosquamous epithelium may lead to improvements in
clinical management of this condition.
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Abstract
AIM
To investigate interleukin (IL)-26 expression in the
inflamed mucosa of patients with inflammatory bowel
disease (IBD) and the function of IL-26.

Institutional review board statement: This study was
reviewed and approved by the local ethics committee of the Shiga
University of Medical Science (Permit number: 27-27).

METHODS
Human colonic subepithelial myofibroblasts (SEMFs)
were isolated from colon tissue surgically resected. The
expression of IL-26 protein and its receptor complex
was analyzed by immunohistochemistry. The gene
expression induced by IL-26 was evaluated by realtime polymerase chain reaction. Intracellular signaling
pathways were evaluated by immunoblotting and
specific small interfering (si) RNA transfection.
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RESULTS
The mRNA and protein expression of IL-26 were
significantly enhanced in the inflamed mucosa of
patients with IBD. IL-26 receptor complex was
expressed in colonic SEMFs in vivo and in vitro . IL-26
stimulated the mRNA expression of IL-6 and IL-8 in
colonic SEMFs. The inhibitors of mitogen-activated
protein kinases and phosphoinositide 3-kinase,
and siRNAs for signal transducers and activator of
transcription 1/3, nuclear factor-kappa B and activator
protein-1 significantly reduced the mRNA expression of
IL-6 and IL-8 induced by IL-26.
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CONCLUSION
These results suggest that IL-26 plays a role in the
pathophysiology of IBD through induction of infla
mmatory mediators.

IFN-γ and IL-22 . For its signaling, IL-26 requires the
heterodimeric receptors composed of IL-20R1 and IL[19]
10R2 . The transmembrane protein IL-20R1 has
been shown to possess the specific ligand-binding
site for IL-26, whereas the IL-10R2 subunit acts as an
essential second chain that completes the assembly
[20]
of its active receptor complex and signaling . IL-22,
IL-26, IL-28A/B and IL-29 also use IL-10R2 for their
signaling. IL-10R2 is ubiquitously expressed in various
tissues, but the expression of IL-20R1 is absent in
hematopoietic cells and is restricted within non[19,21]
hematopoietic cells
.
Previous reports have suggested that intracellular
signaling of IL-26 is mediated by the Janus kinasesignal transducer and activator of transcription (STAT)
[16,20]
pathway
. Additionally, IL-26 has been reported to
activate extracellular signal-related kinase (ERK)-1/2,
stress-activated protein kinase/c-Jun N-terminal kinase
(SAPK/JNK), p38 mitogen-activated protein kinase and
phosphoinositide 3-kinase (PI3K) in various kinds of
[7,16,20,22]
cells
.
Human colonic subepithelial myofibroblasts (SEMFs)
are located immediately subjacent to the basement
membrane in the normal intestinal mucosa, juxtaposed
[23-25]
against the bottom of the epithelial cells
. These
cells are considered to play a role in the regulation of
a number of epithelial cell functions, such as epithelial
proliferation and differentiation. Isolated SEMFs retain
[23]
their representative and differentiated phenotypes .
Recent studies have demonstrated that IL-26
is involved in the pathophysiology of chronic infla
[15]
mmatory disorders, such as rheumatoid arthritis
[26]
and chronic hepatitis C infection . Concerning IBD,
the pathological role of IL-26 has been reported in CD,
[16]
but remains unclear in UC . In addition, functional
analysis of IL-26 has been studied using a transformed
cell line, but there are no reports using primary culture
cells. In the present study, to explore the potential
role of IL-26 in IBD, we investigated the expression of
IL-26 in the inflamed mucosa of UC and CD patients.
Furthermore, the biological functions and the intracellular signal pathways activated by IL-26 were
investigated in human colonic SEMFs.

Key words: inflammatory bowel disease; interleukin-26;
myofibroblasts
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We investigated interleukin (IL)-26 expression
in the inflamed mucosa of patients with inflammatory
bowel disease (IBD) and characterized the biological
function of IL-26 using human colonic subepithelial
myofibroblasts. To our knowledge, this is the first
report to state that IL-26 activates STAT1/3 and leads
to the induction of IL-6 and IL-8 expression in nontransformed cells derived from human colon. We
suggest that IL-26 plays a role in the pathophysiology
of IBD through the induction of inflammatory mediators.
Fujii M, Nishida A, Imaeda H, Ohno M, Nishino K, Sakai
S, Inatomi O, Bamba S, Kawahara M, Shimizu T, Andoh A.
Expression of Interleukin-26 is upregulated in inflammatory
bowel disease. World J Gastroenterol 2017; 23(30): 5519-5529
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i30/5519.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i30.5519

INTRODUCTION
Inflammatory bowel diseases (IBD) comprise two
major phenotypes, Crohn’s disease (CD) and ulcerative
colitis (UC). Recent studies suggest that the chronic
inflammation in IBD is mediated by uncontrolled
immune responses against a subset of luminal bacteria
[1-3]
and dietary factors . This hypothesis is supported
by the recent finding that the genes encoding innate
immune responses are responsible for the sus
[4-6]
ceptibility to IBD . However, the precise etiology of
IBD still remains unclear.
Interleukin (IL)-26 is a member of the IL-10 cytokine
family. IL-26 was first discovered in herpesvirus saimiri[7]
transformed T-cell lines by subtractive hybridization .
IL-26 has been reported to be co-expressed with IL-17
[8-10]
and IL-22 by Th17 cells
, and recent studies have
[11,12]
[13]
reported that natural killer cells
, macrophages ,
[14,15]
and fibroblast-like cells
are sources of IL-26. A
[16,17]
murine IL-26 homologue has not been identified
,
limiting the experimental opportunities to study the
phenotypic consequences of IL-26 gene knockout and
IL-26-mediated functions in murine models in vivo.
Although IL-19, IL-20, and IL-24, members of IL-10
cytokine family, are located in proximity to the IL-10
gene on human chromosome 1q32, IL-26 is located
on chromosome 12q15 between the genes encoding

WJG|www.wjgnet.com

MATERIALS AND METHODS
Reagents

All reagents and antibiotics used in this study were
commercially purchased as shown in Supplementary
Table 1.

Tissue samples

The diagnosis of IBD was based on conventional clinical
and endoscopic criteria. Surgically-resected specimens
and biopsy specimens from 49 patients with UC and
19 patients with CD were used after obtaining written
informed consent. All experiments were approved by
the local ethics committee of the Shiga University of
Medical Science (Permit number: 27-27).

5520

August 14, 2017|Volume 23|Issue 30|

Fujii M et al . IL-26 in IBD
Table 1 Oligonucleotides used in this study
Gene name

Accession number

IL-26

NM_018402.1

IL-10R2

NM_000628.4

IL-20R1

NM_014432.3

IL-6

NM_000600.4

IL-8

NM_000584.3

β-actin

NM_001101.3

STAT1

NM_139266

STAT3

NM_003150.3

c-jun

NM_002228.3

NF-κ Bp65

NM_003998.3

Primers
Sense
Antisense
Sense
Antisense
Sense
Antisense
Sense
Antisense
Sense
Antisense
Sense
Antisense
Sense
Antisense
Sense
Antisense
Sense
Antisense
Sense
Antisense

The clinical activity of IBD was determined according
[27]
to the colitis activity index for UC
and CD activity
[28]
index . Normal colonic tissues were obtained from the
distal part of the surgically resected sample of colon
cancer (n = 3) and using colonoscopy (n = 17).

(RT-PCR) and real-time PCR analysis. RT-PCR was
performed according to the methods described in
[32]
our previous report . Total RNA was extracted
using the TRIzol reagent (Invitrogen, Carlsbad, CA,
United States) and was reverse transcribed using
SuperScript II (Invitrogen). Subsequently, cDNAs were
generated using SYBR Premix Ex Taq (TAKARA, Shiga,
Japan), and real-time PCR was performed using a
LightCycler480 System II (Roche Diagnostics, Basel,
Switzerland) with specific primers for target genes.
The PCR primers used in this study are shown in Table 1.

Immunohistochemistry

Immunohistochemical analyses were performed
according to the method described in our previous
[29]
report . Briefly, goat anti-IL-26, goat anti-IL-20R1
and rabbit anti-IL-10R2 were used as the primary
antibodies. After incubation with the primary antibodies,
the sections were treated with HRP-labeled anti-goat or
anti-rabbit antibodies. Diaminobenzidine was used as a
substrate for color development.
For double-staining procedures, anti-IL-20R1 or
anti-IL-10R2 antibodies were applied and incubated
overnight in a humidified chamber. Subsequently,
anti-α-smooth muscle actin (SMA) antibodies were
applied and incubated overnight. Dylight488-labeled
anti-goat IgG, Dylight549-labeled anti-mouse IgG,
or Dylight549-labeled anti-mouse IgG were used as
secondary antibodies. Images were obtained with a
digital confocal laser scanning microscope LSM510
version 3.0 (Carl Zeiss Microscopy, Tokyo, Japan).

Enzyme-linked immunosorbent assay

Concentrations of IL-6 and IL-8 in cell culture
supernatants were determined using ELISA kits (R&D
systems, Minneapolis, MN, United States).

Silencing gene expression in human colonic SEMFs

Human colonic SEMFs were transfected with siRNA
specific for STAT1, STAT3, nuclear factor (NF)-κBp65,
and c-Jun according to the instructions for Lipofectamine
RNAiMAX (Invitrogen). Briefly, human colonic SEMFs
were cultured in complete medium without antibiotics
in the presence of a mixture of an RNAi duplex and
Lipofectamine RNAiMAX for 24 h, and were then
stimulated with or without IL-26 for 3 h.

Culture of human colonic SEMFs

Nuclear and cytoplasmic protein extraction and
immunoblot analysis

Primary cultures of colonic SEMFs were prepared
[30]
according to the method reported by Mahida et al .
The cellular characteristics and culture conditions have
[31]
also been described in our previous report . The
studies were performed on passages 3-6 of SEMFs.

Nuclear proteins were extracted using the CelLytic
NuCLEAR Extraction Kit (Sigma-Aldrich, St. Louis,
MO, United States). Extracted nuclear proteins were
subjected to immunoblotting with rabbit anti-NFκBp65 (C-20) antibody or mouse anti-phospho (P)-cJun (KM-1) antibody, followed by incubation with HRPlabeled anti-rabbit antibody or HRP-labeled anti-mouse
antibody. Immunoblots were performed according to a

Reverse transcription-polymerase chain reaction and
Real-time polymerase chain reaction

The expression of mRNA in the samples was assessed
by reverse transcription polymerase chain reaction

WJG|www.wjgnet.com

5’-GGCAGAAATTGAGCCACTGT-3’
5’-TCCAGTTCACTGATGGCTTTG-3’
5’-GGCTGAATTTGCAGATGAGCA-3’
5’-GAAGACCGAGGCCATGAGG-3’
5’-TACACCCCTCAGCTCCAAGACT-3’
5’-GAAGGAATTACACAGCCTGCCAG-3’
5’-GGTACATCCTCGACGGCATCT-3’
5’-GTGCCTCTTTGCTGCTTTCAC-3’
5’-ATGACTTCCAAGCTGGCCGTGGCT-3’
5’-TCTCAGCCCTCTTCAAAAACTTCTC-3’
5’-TGACCCAGATCATGTTTGAGACCT-3’
5’-CCACGTCACACTTCATGATGGAG-3’
5’-GGAAGGGGCCATCACATTCA-3’
5’-GTAGGGTTCAACCGCATGGA-3’
5’-GGAGGAGTTGCAGCAAAAAG-3’
5’-GGAGGAGTTGCAGCAAAAAG-3’
5’-CAGGTGGCACAGCTTAAACA-3’
5’-GTTTGCAACTGCTGCGTTAG-3’
5’-CGCATCCAGACCAACAACAA-3’
5’-GCATTCAGGTCGTAGTCCCC-3’
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faintly detected in normal mucosa. The mucosal
mRNA expression of IL-26 was significantly higher in
active UC patients than in the inactive UC mucosa and
normal mucosa. Similar findings were also observed in
the inflamed mucosa of CD patients. The average level
of IL-26 mRNA expression was significantly higher in
active CD mucosa than in active UC mucosa.
IL-26 protein expression was evaluated by immuno
histochemical analysis. IL-26 positive cells were not
detected in normal mucosa, but the number of IL-26
positive cells markedly increased in the inflamed
mucosa of UC and CD patients (Figure 2A). Moreover,
the number of IL-26 positive cells more increased in
the inflamed mucosa of CD patients as compared to
in the inflamed mucosa of UC patients (Figure 2A).
This result was confirmed by the results from Figure
1. Furthermore, to identify the cellular source of IL-26,
double staining was performed. As shown in Figure 2B,
double staining studies indicated that IL-26-positive
cells were positive for CD4 (T cell), CD56 (NCAM; NK
cell), or CD68 (macrophage). These findings indicated
+
that CD4 T cells, NK cells, and macrophages were the
cellular sources of IL-26 in the inflamed mucosa of UC
and CD patients.

b

IL-26 mRNA/β-actin mRNA

-2

(10 )
1.2

b

b

b
b

1.0

a

0.8
0.6
0.4
0.2
0.0

Normal
UC
UC
CD
CD
(n = 20) active inactive active inactive
(n = 26) (n = 23) (n = 9) (n = 10)

Figure 1 Expression of interleukin-26 mRNA in the inflamed mucosa of
patients with inflammatory bowel disease. Total RNA was extracted from
biopsied samples, and the mRNA expression of IL-26 was evaluated using realtime PCR. IL-26 mRNA expression was converted to a value relative to β-actin
mRNA expression and presented as fold-increase relative to the results for
normal mucosa. Data are expressed as mean ± SE. Normal mucosa, n = 20;
active UC, n = 26; inactive UC, n = 23; active CD, n = 9; inactive CD, n = 10.
a
P < 0.05 UC active vs UC inactive, bP < 0.01 Normal vs UC active, Normal vs
UC inactive, Normal vs CD active, UC active vs CD active, CD active vs CD
inactive. IL: Interleukin; CD: Crohn’s disease; UC: Ulcerative colitis.
[33,34]

method previously described
. Signal detection was
performed using the enhanced chemiluminescence
Western blot system (GE Healthcare, Little Chalfont,
United Kingdom).
Cytoplasmic protein was extracted using a lysis
buffer [50 mmol/L Tris pH 8.0, 0.5% Nonidet P-40, 1
mmol/L EDTA, 150 mmol/L NaCl, 2 mmol/L Na3VO4,
1 mmol/L NaF, 20 mmol/L Na4P2O7, 1 mmol/L PMSF,
10% glycerol and complete Mini Protease Inhibitor
Cocktail (Roche Diagnostics)]. Extracted protein was
subjected to immunoblotting with antibodies against
phospho-p44/42 MAPK (ERK1/2), p38 MAPK, or SAPK/
JNK, Akt, STAT1, or STAT3 followed by incubation with
HRP-labeled anti-rabbit antibody or HRP-labeled antimouse antibody. After detection as described above,
the membrane was stripped using Restore Western
Blot Stripping Buffer (Thermo Scientific Inc., Waltham,
MA) and was then incubated with antibodies against
total-p44/42 MAPK (ERK1/2), p38 MAPK, SAPK/JNK,
Akt, STAT1, or STAT3.

IL-26 receptor expression in SEMFs

We looked for the presence of either IL-20R1 or IL10R2 in the inflamed mucosa of IBD patients. It
has been reported that the expression of IL-20R1 is
restricted in non-hematopoietic cells, while IL-10R2
[19,35]
is ubiquitously expressed
. The tissue samples
from the normal, the active IBD and inactive IBD
were double stained with anti-α-SMA, a marker for
myofibroblasts, and IL-20R1 or IL-10R2. As shown in
Figure 3A, IL-20R1 was expressed in epithelial cells
and in some of the other cells in the submucosa, and
the cells in the subepithelial region also stained with
α-SMA. IL-10R2 expression was detected in various
cells including epithelial cells and leukocytes, and the
cells at the subepithelial region also stained with α-SMA.
The expression levels of IL-20R1 and IL-10R2 were not
different between in the mucosa from the normal and
in the active or inactive mucosa from IBD patients.
These results suggested that human colonic SEMFs are
expressing the IL-26 receptor.
We also confirmed the IL-20R1 and IL-10R2
expression in isolated human colonic SEMFs. As shown
in Figure 3B, isolated human colonic SEMFs expressed
IL-20R1 and IL-10R2 mRNAs.

Statistical analysis

Single comparisons were analyzed using the non
parametric Mann-Whitney U test. Differences resulting
in P values of less than 0.05 were considered to be
statistically significant. The statistical methods of this
study were reviewed by a biomedical statistician from
Shiga University of Medical Science.

Effects of IL-26 in SEMFs

Based on the expression of IL-26 receptor in colonic
SEMFs, we examined the biological effect of IL-26
on human colonic SEMFs in vitro. The cells were
incubated with IL-26 (100 ng/mL) for 12 h, and then
IL-6 and IL-8 levels in supernatants were evaluated
using ELISA. As shown Figure 4A, IL-26 induced a
significant increase in the secretion of IL-6 and IL-8.

RESULTS
IL-26 expression in IBD mucosa

The mRNA expression of IL-26 in the inflamed mucosa
of IBD patients was evaluated using real-time PCR.
As shown in Figure 1, IL-26 mRNA expression was
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A
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Normal colon

			

UC

CD

IL-26

CD4

Merge

IL-26

CD56

Merge

IL-26

CD68

Merge

Figure 2 Immunohistochemical analyses of interleukin-26 in the inflamed mucosa of inflammatory bowel disease patients. A: Immunostaining for IL-26 in
normal mucosa and inflamed mucosa of UC and CD. Pictures are shown from one of four independent samples with similar results. Magnification; upper panel ×
200, lower panel × 400; B: Dual-colored immunofluorescence was used to determine the expression of IL-26 (green fluorescence) and CD4, CD56 and CD68 (red
fluorescence) in inflamed mucosa of UC patients. Double-positive cells were detected by yellow fluorescence. Pictures are shown from one of four independent
samples with similar results. IL: Interleukin; CD: Crohn’s disease; UC: Ulcerative colitis.

SEMFs. IL-26 induced the phosphorylation of STAT1
and STAT3 as early as 5 min after stimulation with
IL-26 (Figure 5A).
Involvement of STAT1 and STAT3 activation in
IL-26-induced IL-6 and IL-8 was tested using siRNA
specific for STAT1 and STAT3. As shown in Figure 5B,
the siRNA specific for STAT1 and STAT3 significantly
suppressed IL-26-induced mRNA expression of IL-6
and IL-8 effectiveness of siRNA for STAT1 and STAT3 is
presented in Figure 6A. These findings indicated that

These responses were also confirmed at the mRNA
levels. IL-26 dose- and time-dependently induced the
mRNA expression of IL-6 and IL-8 (Figure 4B and C).

Activation of STAT1 and STAT3 by IL-26 in human
colonic SEMFs

It has been previously reported that the activation
[16,22]
of STAT1 and STAT3 is induced by IL-26
.
Therefore, we examined whether IL-26 induced the
phosphorylation of STAT1 and STAT3 in human colonic
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A

IL-10R2

α-SMA

Merged

IL-20R1

α-SMA

Merged

Normal

UC active

UC inactive

CD active

CD inactive

B

Human colonic SEMFs
IL-20R1

IL-10R2

β-actin

Figure 3 Immunohistochemical analyses of interleukin-26 receptor expression in normal and active/inactive inflammatory bowel disease mucosa. A:
Dual-colored immunofluorescence was used to localize α-SMA (red fluorescence) and IL-26 receptor, IL-10R2 and IL-20R1 (green fluorescence). Dual positive
immunostaining can be seen as yellow fluorescence in the merged images. Pictures are shown from one of four independent samples with similar results.
Magnification × 200; B: The expression of IL-26 receptor in human colonic SEMFs isolated from four different surgical samples. The expression of IL-26 receptor was
evaluated by RT-PCR. SMA: Smooth muscle actin; IL: Interleukin; SEMFs: Subepithelial myofibroblasts.

Activation of NF-κ B and AP-1 by IL-26

the activation of STAT1 and STAT3 is involved in the
induction of IL-6 and IL-8 by the stimulation of IL-26 in
human colonic SEMFs.

The expression of a number of inflammatory genes
is regulated by the activation of transcription factors
[36]
such as NF-κB and AP-1 . In the nuclear proteins,
the expression of NF-κB and phosphorylated c-Jun was
clearly detected after IL-26 stimulation (Figure 7A).
The siRNAs specific for NF-κBp65 and c-Jun (AP-1)
significantly suppressed the mRNA expression of IL-6
and IL-8 effectiveness of siRNA for NF-κBp65 and
c-Jun (AP-1) is presented in Figures 6B and 7B. These
findings indicate an involvement of NF-κB and AP-1
activation in IL-26-induced IL-6 and IL-8 expression.
As shown in Figure 7C, IL-26-induced NF-κBp65
phosphorylation was suppressed by PI3K inhibitor
(LY294002), but was not affected by MAPKs. On the
other hand, IL-26-induced AP-1 (c-Jun) phosphorylation
was suppressed by both MAPKs and PI3K inhibitor.
These findings indicate that PI3K, but not MAPKs,
plays a role in IL-26-induced NF-κB activation, but that
both MAPKs and PI3K activation are involved in IL-26-

Activation of ERK1/2, SAPK/JNK1/2 and Akt by IL-26 in
colonic SEMFs

The MAPKs and Akt are involved in the cytokine
signaling in various kinds of cells. We examined whether
IL-26 activates MAPKs and Akt using immunoblot
analysis. As shown in Figure 5C, IL-26 induced a
phosphorylation of MAPKs, including p42/44MAPK,
SAPK/JNK, and p38MAPK, and Akt as early as 5
min after stimulation with IL-26. Moreover, MEK1/2
inhibitors (PD098059 and U0216), a p38 MAPK inhibitor
(SB203580), a JNK inhibitor (JNK inhibitor 1) and a
PI3K inhibitor (LY294002) significantly suppressed IL26-induced IL-6 and IL-8 mRNA expression (Figure 5D).
These findings indicate that the activation of MAPKs and
the PI3K/Akt pathway is involved in the IL-26-induced
IL-6 and IL-8 expression in human colonic SEMFs.
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stimulation; and (4) IL-26 induced inflammatory
mediators via the activation of STAT1/3 and MAPKs/
PI3K followed by the activation of NF-κB/AP-1. These
observations suggest that IL-26 plays a role in the
pathophysiology of IBD.
In this study, we found that IL-26 mRNA expression
was enhanced in the inflamed mucosa of UC and
CD patients. Its expression was higher in the active
mucosa of CD patients than in the active mucosa of
UC patients. These findings are similar to our previous
observation that mucosal mRNA expression of Th17
cytokines, such as IL-17 and IL-22, was enhanced in
[29,37]
the inflamed mucosa of UC and CD patients
. The
mRNA expression of either IL-17 or IL-22 was higher in
[29,37]
CD patients than UC patients
. Th17 cells are now
[15]
recognized as one of the cellular sources of IL-26 .
These findings suggest that the IL-26-expressing
+
CD4 T cells in this study are probably Th17 cells and
that Th17 cells are more closely associated with the
pathophysiology of CD patients than UC patients.
+
+
In the intestinal mucosa, CD56 NCR type 3
+
innate lymphoid cells (ILC3s), a subclass of CD56
+
NKp44 NK cells, have been reported to concomi
tantly express IL-22 and IL-26, especially following
[11]
stimulation with IL-23 . This suggests that the IL+
+
26-producing CD56 cells in our study may be NCR
+
ILC3s. Our observation of IL-26 expression by CD68
macrophages is supported by the recent report that
+
CD68 macrophages are the main IL-26-producing
[15]
cells in joints with rheumatoid arthritis . Thus, our
observations in this study indicate that various types
of immune cells are producing IL-26 in the inflamed
mucosa of IBD. Further investigation using more
precise cellular markers should be performed to more
clearly identify the cellular source of IL-26 in the
inflamed mucosa of IBD.
There are some reports concerning the in vivo
expression of IL-26 under normal and pathological
[15]
conditions. Corvaisier et al
demonstrated a patho
genic role of IL-26 in rheumatoid arthritis on the basis
of its capacity to induce pro-inflammatory cytokines.
IL-23-induced IL-26 plays a role in the pathophysiology
[8]
[16]
of psoriasis . Moreover, Dambacher et al
have
reported that IL-26 modulated proliferation and proinflammatory gene expression in colon cancer cells
and that IL-26 expression was upregulated in active
CD, suggesting a role of IL-26 in the innate host cell
response during intestinal inflammation. In addition,
a genome-wide association study identified IL-26
as one of the susceptibility genes associated with
[38]
UC , suggesting a pathophysiological role of IL-26
in patients with UC. However, previous studies of
the clinical role of IL-26 mainly focused on CD rather
[16]
than UC . In this study, we found that IL-26 was
enhanced in the inflamed mucosa of patients with UC,
as well as patients with CD. In addition, human colonic
SEMFs were expressing functionally-active IL-10R2
and IL-20R1 and secreted inflammatory cytokines
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Figure 4 Secretion of interleukin-6 and interleukin-8 in response to
interleukin-26 stimulation in human colonic subepithelial myofibroblasts.
A: The cells were stimulated for 12 h with 100 ng/mL of IL-26, and the secretion
of IL-6 and IL-8 in supernatants were determined using ELISA; B: Dosedependent effects of IL-26 on IL-6 and IL-8 mRNA expression. Cells were
stimulated for 3 h with increasing concentrations of IL-26, and the mRNA
expression of IL-6 and IL-8 was then determined using real-time PCR. The
mRNA expression of IL-6 and IL-8 was converted to a value relative to β-actin
mRNA expression and presented as fold-increase relative to the results for
medium alone; C: The kinetics of IL-6 and IL-8 induction by IL-26. Human
colonic SEMFs were stimulated with 100 ng/mL of IL-26 for the indicated
predetermined times, and the mRNA expression of IL-6 and IL-8 was then
determined using real-time PCR. The mRNA expression of IL-6 and IL-8 was
converted to a value relative to β-actin mRNA expression and presented as
fold-increase relative to the results for medium alone (no stimulation). Data are
expressed as mean ± SE of four independent experiments. aP < 0.05, bP < 0.01
vs control. IL: Interleukin; SEMFs: Subepithelial myofibroblasts.

induced AP-1 activation.

DISCUSSION
In the present study, we demonstrated that: (1)
the expression of IL-26 is enhanced in the inflamed
mucosa of UC and CD patients; (2) human colonic
SEMFs express IL-26 receptor complex IL-10R2/IL20R1 in vivo and in vitro; (3) human colonic SEMFs
secrete inflammatory mediators in response to IL-26
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Figure 5 Involvement of STAT1, STAT3, MAPKs and PI3K/Akt activation in interleukin-26-stimulated interleukin-6 and interleukin-8 induction. A: STAT1
and STAT3 activation in response to IL-26. Human colonic SEMFs were stimulated with 100 ng/mL of IL-26 for the indicated pre-determined times, and the
phosphorylation (P-) of STAT1 and STAT3 was evaluated by immunoblot analyses. The data are representative of two independent experiments; B: The effects of
siRNAs for STAT1 and STAT3 on IL-26-induced mRNA expression of IL-6 and IL-8. Cells were transfected with siRNA for STAT1 and STAT3 or control siRNA, and
were incubated for 3 h with or without 100 ng/mL of IL-26. The mRNA expression of IL-6 and IL-8 was then evaluated using real-time PCR. The mRNA expression of
IL-6 and IL-8 was converted to a value relative to β-actin mRNA expression and presented as fold-increase relative to the results for medium alone (no stimulation); C:
MAPKs and PI3K/Akt activation in response to IL-26. Human colonic SEMFs were stimulated with 100 ng/mL of IL-26 for the indicated pre-determined times, and the
phosphorylation (P-) of MAPKs and PI3K was evaluated by immunoblot analyses. The data are representative of two independent experiments; D: Effects of inhibitors
of MAPKs and PI3K/Akt on IL-6 and IL-8 induction by IL-26 in human colonic SEMFs. The cells were pretreated with 10 µmol/L of a p38 MAPK inhibitor (SB203580)
or an MEK1/2 inhibitor (U0216 or PD098059), or with 3 µmol/L of a JNK inhibitor (JNK inhibitor I) or 25 µmol/L of a PI3K inhibitor (LY294002) for 30 min, and were
then incubated with or without 100 ng/mL of IL-26 for 3 h. The mRNA expression of IL-6 and IL-8 was converted to a value relative to β-actin mRNA expression and
presented as fold-increase relative to the results for medium alone. Data are expressed as mean ± SE of four independent experiments. aP < 0.05, bP < 0.01 vs IL-26
stimulation. IL: Interleukin; SEMFs: Subepithelial myofibroblasts.
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A

observations suggest an interaction between IL-26
and colonic SEMFs in inflammatory responses in the
colonic mucosa. IL-26 may stimulate the induction
of inflammatory mediators from colonic SEMFs and
possibly contributes to the inflammatory responses in
IBD mucosa. However, recent studies have revealed
that Th17-derived cytokines, such as IL-17 and IL-22,
possess conflicting (pro-inflammatory and protective)
[39]
roles in the mucosa . So, further investigations to
determine whether IL-26 production is ultimately tissue
protective or a signiﬁcant source of tissue damage in
IBD mucosa are required in the future.
There are a few reports concerning the signaling
pathway of IL-26 in the colonic tissue. A previous
report using transformed epithelial cell lines suggested
that IL-26 induces activation of STAT1/3, ERK1/2,
[16]
SAPK/JNK1/2 and Akt . To our knowledge, this is the
first report to state that IL-26 activates STAT1/3 and
leads to the induction of IL-6 and IL-8 expression in
non-transformed cells derived from human colon. We
have also revealed that IL-26 induced the activation
of MAPKs, including ERK1/2, p38MAPK and SAPK/
JNKL1/2, and PI3K/Akt. Furthermore, we found that
PI3K, but not MAPKs, plays a role in IL-26-induced NFκB activation, but that both MAPKs and PI3K activation
were required in IL-26-induced AP-1 activation. These
results indicate that IL-26-induced inflammatory
responses in the colonic mucosa are mediated by
various signaling pathways including STAT1/3, MAPKs
and PI3K/Akt, followed by the activation of NF-κB and
AP-1.
In conclusion, we demonstrated that the expression
of IL-26 is increased in the inflamed mucosa of IBD
patients. In human SEMFs, IL-26 induced an activation
of STAT1/3 and MAPKs/PI3K, leading to an activation
of NF-κB and AP-1. Since the IL-26 gene has not been
identified in rodents, the experiments using human
colonic SEMFs will contribute to the investigation of the
true role of IL-26 in gut inflammation.
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Figure 7 Involvement of nuclear factor-κB and AP-1 activation in the
induction of inflammatory mediators induced by interleukin-26. A:
Activation of NF-B and AP-1 (c-Jun) in response to IL-26 in human colonic
SEMFs. The cells were stimulated with 100 ng/mL of IL-26 for 15 min, following
which nuclear proteins were extracted and analyzed by immunoblotting for NFκB (p65) and phosphorylated (P-) c-Jun. Lamin A/C was used as a loading
control. The data are representative of two individual experiments; B: The
effects of siRNAs specific for NF-κBp65 and c-Jun (AP-1) on IL-26-induced
expression of IL-6 and IL-8 in human colonic SEMFs. The cells were transfected
with siRNA specific for NF-κBp65, c-Jun (AP-1) or a control siRNA, and were
incubated for 24 h with or without 100 ng/mL of IL-26. The mRNA expression
of IL-6 and IL-8 was evaluated using real-time PCR. The mRNA expression
of IL-6 and IL-8 mRNA was converted to a value relative to β-actin mRNA
expression and presented as fold-increase relative to the results for medium
alone (no stimulation). Data are expressed as mean ± SE of four independent
experiments. aP < 0.05 vs IL-26 stimulation; C: The effect of MAPKs and PI3K/
Akt on the activation of NF-κBp65 and c-Jun (AP-1). The cells were pretreated
with 10 µmol/L of a p38 MAPK inhibitor (SB203580) or an MEK1/2 inhibitor
(U0216 or PD098059), or with 3 µmol/L of a JNK inhibitor (JNK inhibitor I) or 25
µmol/L of a PI3K inhibitor (LY294002) for 30 min, and were then incubated with
or without 100 ng/mL of IL-26 for 15 min. Nuclear proteins were then extracted
and analyzed by immunoblotting for NF-κBp65 and phosphorylated (P-) c-Jun.
Lamin A/C was used as a loading control. The data are representative of two
individual experiments. IL: Interleukin.
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Recent studies have reported that interleukin (IL)-26 is involved in the
pathophysiology of chronic inflammatory disorders. Concerning inflammatory
bowel disease (IBD), the pathological role of IL-26 has been reported in Crohn’s
disease (CD), but remains unclear in ulcerative colitis. Moreover, functional
analysis of IL-26 has been studies using a transformed cell line, but there are
no reports using primary culture cells.

Research frontiers

The authors found that the expression of IL-26 was enhanced in the inflamed
mucosa of IBD as compared to in the normal mucosa. The cellular source of
IL-26 in the inflamed mucosa are CD4+ T cells, NK cells, and macrophages.
Human colonic subepithelial myofibroblasts (SEMFs) are target cells of IL-26 in
the mucosa of IBD.

in response to IL-26. This phenomenon is supported
by previous reports that the expression of IL-20R1 is
[19,21]
restricted within non-hematopoietic cells
. These
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signaling pathway significantly suppressed the induction of IL-6 and IL-8.
The inhibition of IL-26 signaling may lead to the suppression of intestinal
inflammation.

11

Applications

The results of this study indicated that IL-26 may an important role in the
pathogenesis of IBD. The authors suggested that IL-26 can a therapeutic
candidate for IBD.

12

Terminology

IL-26 is a member of the IL-10 cytokine family. IL-26 is located on chromosome
12q5. IL-26 requires the heterodimeric receptors composed of IL-20R1 and IL10R2.

13

Peer-review

The authors demonstrated that an increased expression of IL-26 in the inflamed
mucosa of IBD patients and explored its possible pathway in IBD pathology.
The study is well designed and the demonstration seems sufficient.
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Abstract
AIM
To investigate whether autophagic cell death is involved
in hyperthermic sensitization to ionizing radiation in
human hepatocellular carcinoma cells, and to explore
the underlying mechanism.
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METHODS
Human hepatocellular carcinoma cells were treated
with hyperthermia and ionizing radiation. MTT and
clonogenic assays were performed to determine cell
survival. Cell autophagy was detected using acridine
orange staining and flow cytometric analysis, and the
expression of autophagy-associated proteins, LC3
and p62, was determined by Western blot analysis.
Intracellular reactive oxygen species (ROS) were
quantified using the fluorescent probe DCFH-DA.
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RESULTS
Treatment with hyperthermia and ionizing radiation
significantly decreased cell viability and surviving
fraction as compared with hyperthermia or ionizing
radiation alone. Cell autophagy was significantly
increased after ionizing radiation combined with
hyperthermia treatment, as evidenced by increased
formation of acidic vesicular organelles, increased
expression of LC3II and decreased expression of p62.
Intracellular ROS were also increased after combined
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increase tumor perfusion and oxygenation, and inhibit
repair of DNA damage in tumor cells, all of which may
[10,11]
enhance tumor radiosensitivity
. However, the
underlying mechanisms of the radio-sensitizing effect
of hyperthermia are not fully elucidated.
Autophagy is an evolutionarily conserved process
in which cellular organelles and long-lived proteins
are sequestered into double-membrane vesicles,
the autophagosomes, and subsequently delivered to
[12]
the lysosomes to be degraded or recycled . It can
be induced by a variety of stimuli, such as nutrient
deprivation, hypoxia, reactive oxygen species (ROS),
[13]
protein aggregates, and damaged organelles .
Anticancer therapies, such as chemotherapy, radio
therapy and hyperthermia, are also shown to induce
[14-16]
autophagy within tumor cells
. Studies have
shown that increased basal autophagy is required for
[17]
cells to survive after physical or chemical damage .
However, excessive autophagy can induce type II
programmed cell death (autophagic cell death), a form
[18]
of nonapoptotic cell death . In the present study,
we showed that autophagic cell death is involved in
hyperthermic sensitization to ionizing radiation in
human HCC cells, and its induction may be due to the
increased intracellular ROS.

treatment with hyperthermia and ionizing radiation.
Pretreatment with N-acetylcysteine, an ROS scavenger,
markedly inhibited the cytotoxicity and cell autophagy
induced by hyperthermia and ionizing radiation.
CONCLUSION
Autophagic cell death is involved in hyperthermic
sensitization of cancer cells to ionizing radiation, and
its induction may be due to the increased intracellular
ROS.
Key words: Autophagic cell death; Hyperthermia;
Ionizing radiation; Hepatocellular carcinoma; Reactive
oxygen species
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Increased cell autophagy and intracellular
reactive oxygen species (ROS), accompanied by
decreased cell viability and surviving fraction, were
observed in HepG2 cells treated with hyperthermia and
ionizing radiation. Pretreatment with N-acetylcysteine,
an ROS scavenger, markedly inhibited the above
cytotoxicity and cell autophagy. The results suggest that
autophagic cell death is involved in the hyperthermic
sensitization to ionizing radiation, and its induction may
be due to the increased intracellular ROS.

MATERIALS AND METHODS
Cell culture

Yuan GJ, Deng JJ, Cao DD, Shi L, Chen X, Lei JJ, Xu XM.
Autophagic cell death induced by reactive oxygen species is
involved in hyperthermic sensitization to ionizing radiation in
human hepatocellular carcinoma cells. World J Gastroenterol
2017; 23(30): 5530-5537 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i30/5530.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i30.5530

Human HCC cell line HepG2 was obtained from
Wuhan University Cell Center. Cells were cultured in
RPMI 1640 medium supplemented with 10% fetal
bovine serum, 100 U/mL streptomycin and 100 U/mL
penicillin in a humidified 5% CO2 atmosphere at 37 ℃.

Treatment of cells with hyperthermia and ionizing
radiation

Water-bath warming was performed and the tem
perature was controlled at 43 ℃. Cell culture bottles
were packaged and put into the water at 43 ℃ for
0.5 h. Then cells were irradiated with 4 Gy of 6 MV
X-ray beam (field, 10 cm × 10 cm; source-to-surface
distance, 100 cm; dose rate, 0.8 Gy/min), using a
Varian Clinac 23iX (Varian Medical Systems, Inc.)
at room temperature. The period between the two
treatments was less than 1 h. After irradiation, the
cells were immediately returned to the cell incubator
and incubated at 37 ℃ for 72 h.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the third most
common cancer and the second leading cause of
[1]
cancer-associated mortality in China . A majority of
patients with HCC present unresectable or advanced
disease at the time of diagnosis; the choice of
[2]
treatment is limited and the prognosis is poor .
With the development of radiotherapy techniques,
including intensity-modulated radiotherapy (IMRT)
and stereotactic body radiation therapy (SBRT), the
use of radiotherapy has increasingly been adopted for
[3]
the treatment of HCC . Hyperthermia, elevation of
temperature inside tumor up to 40-42 ℃, is an effective
[4]
treatment modality for cancer . Hyperthermia is
[5]
a potent radiation sensitizer , and its combination
with radiotherapy is a promising method for cancer
treatment. Several studies have demonstrated the
efficacy of combined treatment with radiotherapy and
hyperthermia against HCC, head and neck cancer,
[6-9]
breast cancer, and melanoma . Hyperthermia can

WJG|www.wjgnet.com

MTT assay

MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] colorimetric assay was used
to determine the survival rate of cells. After the
above treatment, the cells were washed with
phosphate buffered saline (PBS), and incubated with
1 × MTT at 37 ℃ for 4 h. Then the absorbance
at 570 nm was measured, and the survival rate
of the cells was calculated according to the following
equation: survival rate = (experimental absorbance
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Figure 1 Hyperthermia enhances the cytotoxicity of ionizing radiation to hepatocellular carcinoma cells. HepG2 cells were treated with hyperthermia (43 ℃
for 0.5 h) followed by ionizing radiation (4 Gy). After 72 h of incubation, the cells were assessed for cell viability using MTT assay (A), or plated in dishes and incubated
for clonogenic survival assay (B). The results are presented as the mean ± SD of three different experiments. aP < 0.05 vs treatment of ionizing radiation alone.

value/control absorbance value) × 100%.

IgG, ZYMED, dilution 1:80000, for GAPDH) for 1 h
at room temperature. The immunoreactive proteins
were detected using an enhanced chemiluminescent
detection system.

Clonogenic assay

After treatment with hyperthermia or ionizing radiation,
the cells were trypsinized into single-cell suspension,
plated in 60-mm dishes and incubated for 14 d to
allow for colony growth. Then, the cells were fixed and
stained with crystal violet, and colonies having at least
50 cells were counted using a microscope.

Determination of intracellular ROS

Intracellular ROS were measured using a ROS assay
kit. After the above designated treatment, the cells
were harvested and incubated with 10 µmol/L of
DCFH-DA (a fluorescent probe, which may be oxidized
by ROS in viable cells to 2’,7’-dichlorofluorescein, DCF)
for 30 min at 37 ℃. After washing three times with
PBS, DCF fluorescence was quantified with a multidetection microplate reader (485 nm excitation and
535 nm emission).

Acridine orange staining and flow cytometric analysis

Formation of acidic vesicular organelles, a morphological
characteristic of autophagy, was detected using
acridine orange staining. Cells were incubated with
acridine orange (Invitrogen) at 1 μg/mL for 15 min.
Red (650 nm, stained cytoplasmic vesicles) vs green
(510-530 nm, stained nuclei) fluorescence (FL3/FL1)
from cells illuminated with blue (488 nm) excitation
light was measured with a FACScan flow cytometer
(Beckman Coulter, Brea, CA, United States). The data
are presented as the fold changes with an arbitrary
setting of autophagy in cells without treatment of drug,
hyperthermia or radiation.

Treatment of cells with N-acetylcysteine

N-acetylcysteine is an ROS scavenger. Cells were
pretreated with N-acetylcysteine (10 mmol/L) for
1 h and then treated with hyperthermia or ionizing
radiation as above.

Statistical analysis

Data were pooled from at least three independent
experiments, and presented as mean ± SD unless
otherwise indicated. Differences between groups were
analyzed using one-way analysis of variance (ANOVA).
All the statistical analyses were performed with
SPSS13.0. P values less than 0.05 were considered
statistically significant.

Western blot analysis

Protein lysates were prepared using a total protein
extraction kit (ProMab, SJ-200501), and stored at
-20 ℃ until assay. The protein concentrations were
assayed using the Bradford method. Equivalent
aliquots of protein were separated by 10% SDSPAGE, and transferred onto nitrocellulose membranes.
The membranes were blocked with 5% nonfat dry
milk in PBS for 2 h at 37 ℃, washed with PBST (PBS
with Tween 20) and incubated with rabbit polyclonal
antibody against LC3 (dilution 1:500, CST) or p62
(dilution 1:500, CST) or mouse polyclonal antibody
against GAPDH (glyceraldehyde 3-phosphate
dehydrogenase, dilution 1:800, SANTA) at 4 ℃
overnight. After washing with PBST four times, the
membranes were incubated with a secondary antibody
(HRP-conjugated goat anti-rabbit IgG, SANTA,
dilution 1:40000, for LC3 and p62; goat anti-mouse

WJG|www.wjgnet.com

RESULTS
Hyperthermia enhances radiation cytotoxicity to HCC
cells

The cytotoxicity induced by ionizing radiation with
or without hyperthermia was assessed by MTT and
clonogenic survival assays. As shown in Figure 1A, cell
viability was decreased when the cells were treated
with ionizing radiation or hyperthermia. The cell viability
was significantly decreased after combined treat
ment with ionizing radiation and hyperthermia when
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compared with each treatment alone. Furthermore, the
clonogenic survival of the cells was also significantly
decreased after ionizing radiation with hyperthermia as
compared with radiation alone (Figure 1B).

treatment of HCC due to the belief that HCC is not a
“radiosensitive” tumor and that radiotherapy is too
“toxic” for the liver. However, recent studies have
demonstrated that HCC is a radiosensitive tumor and
its radiosensitivity is equivalent to poorly differentiated
[20]
squamous cell carcinomas . With the development of
radiotherapy techniques, including IMRT and SBRT, a
high radiation dose can be delivered to the tumor while
the dose to the normal tissues can be simultaneously
reduced. Therefore, at present radiotherapy is in
[3]
creasingly used for the treatment of HCC . In the
present study, we observed that the cell viability
and clonogenic survival of HCC cells were decreased
following ionizing radiation, suggesting that HCC cells
are sensitive to radiation. Hyperthermia is a potent
[5]
radiation sensitizer , and combined treatment with
radiotherapy and hyperthermia has been shown to be
[6]
efficacious against HCC . Our study also showed that
ionizing radiation combined with hyperthermia led to a
significant decrease in the cell viability and clonogenic
survival of HCC cells as compared with each treatment
alone.
Autophagy is a major intracellular degradation
mechanism for long-lived proteins and cytoplasmic
organelles, the products of which are recycled to
maintain cellular homeostasis. Increased basal
autophagy is a cell survival mechanism in response
to several stresses, such as nutrient deprivation,
hypoxia, damaged mitochondria, protein aggregation
[17,21]
and pathogens
. However, excessive autophagy
may result in cell death, which is designated as
type Ⅱ programmed cell death (autophagic cell
[18]
death) . Autophagy is frequently activated in tumor
cells following anticancer therapies, such as chemo
[14-16]
therapy, radiotherapy and hyperthermia
. Although
several studies showed that induction of autophagy
after irradiation acts as a protective and prosurvival
mechanism and contributes to radioresistance in breast
[22,23]
tumor cells and glioma cells
, most experimental
data have suggested that radiation-induced autophagy
in cancer cell lines is related to cell death mechanisms
and that autophagy-inducing agents may act as
[24]
radiosensitizers . In the present study, radiationinduced autophagy was significantly increased after
combined treatment with hyperthermia in HCC
cells, as evidenced by increased formation of acidic
vesicular organelles, increased expression of LC3II and
decreased expression of p62. The increased autophagy
was accompanied with decreased cell viability and
clonogenic survival in HCC cells, suggesting that
autophagic cell death is involved in the enhancement
of cellular radiosensitivity by hyperthermia.
ROS are small and highly reactive molecules
that can oxidize proteins, DNA and lipids. They are
generated as by-products of cellular metabolism
primarily in mitochondria, and can also be produced
in response to a variety of stimuli such as growth
factors, inflammatory cytokines, ionizing radiation,

Hyperthermia increases cell autophagy induced by
ionizing radiation in HCC cells

Cell autophagy is characterized by the formation of
numerous acidic vesicular organelles, which can be
[19]
detected using acridine orange staining . The acridine
orange staining was quantified using flow cytometry.
No obvious increase in cell autophagy was observed
in HepG2 cells following 2 Gy ionizing radiation, or
until 48 h after 4 Gy ionizing radiation. Therefore, in
the present study, 4 Gy ionizing radiation was given
to cells, and the cells were tested 72 h after ionizing
radiation. As shown in Figure 2A and B, cell autophagy
was significantly increased after combined treatment
with ionizing radiation and hyperthermia compared
with each treatment alone.
The expression of autophagy-related proteins
was also detected by Western blot, among which the
increase of LC3II protein and reduction of p62 protein
[19]
are the hallmarks of the induction of autophagy . A
significant increase in LC3II expression and a reduction
of p62 expression were observed in cells undergoing
combined treatment as compared with those receiving
ionizing radiation or hyperthermia treatment alone
(Figure 2C).

N-acetylcysteine inhibits cytotoxicity and cell autophagy
induced by hyperthermia and ionizing radiation in HCC
cells

The intracellular ROS in ionizing radiation or hyper
thermia-treated HepG2 cells were measured using a
fluorescent probe, DCFH-DA. Treatment with ionizing
radiation or hyperthermia induced an increase in
intracellular ROS content, which was further increased
by the combined treatment; however, the increase
was completely inhibited by N-acetylcysteine, an ROS
scavenger (Figure 3A).
To evaluate whether ionizing radiation or hyper
thermia-induced autophagic cell death is related to
intracellular ROS in HepG2 cells, pretreatment with
N-acetylcysteine was performed. N-acetylcysteine
pretreatment significantly improved cell viability in
ionizing radiation or hyperthermia-treated HepG2
cells using MTT assay (Figure 3B). Furthermore, the
autophagy rate was decreased (Figure 3C), and the
expression of autophagy-related proteins, LC3II and
p62, was reversed by N-acetylcysteine pretreatment in
the ionizing radiation or hyperthermia-treated HepG2
cells (Figure 3D), suggesting that cell autophagy was
inhibited.

DISCUSSION
In the past, radiotherapy was less considered in the
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[25]

chemotherapy agents and toxins . Hyperthermia
has been also shown to induce production of ROS. A
sharp increase in ROS generation has been observed
after hyperthermia in a cellular model, using electron
[26]
paramagnetic resonance spin trapping . In the
present study, we showed that intracellular ROS
content was increased after treatment with ionizing
radiation or hyperthermia, and was further increased
by their combined treatment. Once ROS are produced,
they act as signaling molecules that trigger diverse
physiological and pathological responses, including
induction of autophagy. Accumulating evidence has
shown that oxidative stress is the converging point of
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many different inducers of autophagy, such as nutrient
[27]
deprivation, viral infection and genotoxic stress .
In the present study, we found that pretreatment
with N-acetylcysteine, an ROS scavenger, abolished
the induction of autophagy by ionizing radiation or
hyperthermia, and improved cell viability of HepG2
cells after the above treatment. These facts suggest
that the induction of autophagic cell death by ionizing
radiation and hyperthermia treatment in HCC cells is
due to the increased intracellular ROS.
In conclusion, autophagic cell death is involved in
hyperthermic sensitization of cancer cells to ionizing
radiation, and its induction may be due to the increased
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With the development of radiotherapy techniques, radiotherapy has increasingly
been used for the treatment of hepatocellular carcinoma (HCC). Hyperthermia
is a useful adjuvant to radiation therapy in the treatment of many cancers, and
it is a potent radiation sensitizer. However, the underlying mechanisms of the
radio-sensitizing effect of hyperthermia are not fully elucidated. Autophagy
is a major intracellular degradation mechanism for long-lived proteins and
cytoplasmic organelles, and excessive autophagy may result in cell death,
which is designated as type Ⅱ programmed cell death (autophagic cell death).
The role autophagic cell death in hyperthermic sensitization to ionizing radiation
has not been explored.
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Many studies have shown that radiation-induced autophagy is related to cell
death mechanisms in cancer cell lines and that autophagy-inducing agents may
act as radiosensitizers. Oxidative stress has been proven to be the converging
point of many different inducers of autophagy, such as nutrient deprivation, viral
infection and genotoxic stress.
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the increased intracellular reactive oxygen species.

12

Applications

13

Terminology

14

The study provides a novel theoretical basis for hyperthermia in the treatment
of malignant tumors, especially combined with radiotherapy.

Autophagy is an evolutionarily conserved process in which cellular organelles
and long-lived proteins are sequestered into double-membrane vesicles, the
autophagosomes, and subsequently delivered to the lysosomes to be degraded
or recycled. Autophagic cell death is a kind of nonapoptotic programmed cell
death (also known as type Ⅱ programmed cell death), characterized by using
autophagosome to degrade cell content in dying cells.
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Abstract

INTRODUCTION

AIM
To explore the let-7a-mediated anti-cancer effect of
Yangzheng Sanjie decoction (YZSJD) in gastric cancer
(GC) cells.

Gastric cancer (GC) is one of the leading causes of
[1]
cancer-related deaths in the world . The low early
diagnosis rate of GC and the limited treatment options
for advanced GC are the major reasons for the high
mortality rate in GC patients. Considering the narrow
therapeutic window, long-term drug resistance and
toxic side effects of chemotherapeutic agents, safer
and more effective therapies should be developed to
improve the prognosis of GC.
As an important source of novel agents with
pharmaceutical potential, Chinese herbal medicines
have become increasingly popular in cancer treat
ment as alternative and complementary therapy
[2-6]
modalities
. One Chinese medicine formula,
Yangzheng Sanjie decoction (YZSJD), which contains
the ingredients Astragali Radix, Scutellariae Barbatae
Herba, Arisaematis Rhizoma Preparatum, Citri
Sarcodactylis Fructus, Cremastrae Pseudobulbus and
Curcumae Longae Rhizoma, has shown good clinical
effects in the treatment of chronic atrophic gastritis
[7]
with precancerous lesions . Several components
of YZSJD have recently been reported to exert
[8-10]
antiproliferative effects in several cancer cell lines
.
However, the potential role of YZSJD in the treatment
of GC and the precise mechanisms that may be
involved in the proliferation and apoptosis of GC cells
have not yet been clearly addressed.
Increasing evidence has revealed that microRNAs
(miRNAs) play critical roles in the initiation, progression
and aggressiveness of human cancers and may
be potential therapeutic targets for malignancies.
MiRNAs are a class of small noncoding RNAs of 21-23
nucleotides that negatively regulate gene expression
by base-pairing with the 3′-untranslated regions of
[11,12]
their target messenger RNAs
. The miRNA let-7 is
down-regulated in many cancer types compared with
normal tissue, indicating that the let-7 family serves
[13,14]
as tumour suppressors
. Involved in the complex
regulation of c-Myc, let-7a participates in the genesis
[15]
and maintenance of c-Myc-dysregulated cancers .
[16]
Kim et al
demonstrated that let-7 inhibits c-Myc
expression by targeting the c-Myc 3’-UTR in a HuRlet-7 interdependent manner. Let-7b increased drug
sensitivity in chemotherapy-resistant GC cells by
[17]
targeting c-Myc . A more recent study revealed
that let-7a down-regulates the expression of PKM2
by regulating the expression of c-Myc and hnRNPA1
and therefore inhibits the proliferation, migration and
[18]
invasion of GC cells .
In a previous clinical study, we found that YZSJD
can effectively slow, block or reverse the progression
[19]
of GC precancerous lesions . In this study, we aimed
to explore the miRNA-mediated anticancer effect
of YZSJD in vitro. The present study was therefore
designed to evaluate cell proliferation and apoptosis in

METHODS
YZSJD-containing serum (YCS) was prepared using
traditional Chinese medicine serum pharmacology
methods. After YCS treatment, cell proliferation
and apoptosis were assessed by cell counting kit-8
assay and flow cytometry, respectively, and miRNA
expression profiles were determined using qPCR arrays.
Let-7a expression was examined by in situ hybridization
in GC tissues and by qPCR in GC cells. c-Myc protein
expression was detected by immunohistochemistry in
GC tissues, and by Western blot in cell lines.
RESULTS
YZSJD significantly inhibited proliferation and induced
apoptosis in AGS and HS-746T GC cells. After treatment
with YCS, the miRNA expression profiles were altered
and the reduced let-7a levels in both cell lines were
up-regulated, accompanied by a decrease in c-Myc
expression. Moreover, decreased let-7a expression and
increased c-Myc expression were observed during the
progression of gastric mucosa cancerization.
CONCLUSION
YZSJD inhibits proliferation and induces apoptosis of
GC cells by restoring the aberrant expression of let-7a
and c-Myc.
Key words: Gastric cancer; let-7a; c-Myc; proliferation;
apoptosis; Yangzheng Sanjie decoction
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Let-7a reduction plays an important role
in gastric tumourigenesis through the derepression
of c-Myc expression. Our data demonstrate that
Yangzheng Sanjie decoction (YZSJD) inhibits proli
feration and induces apoptosis in gastric cancer (GC)
cells by regulating the aberrant expression of let-7a and
c-Myc. These findings provide new evidence that YZSJD
has therapeutic potential in GC treatment and that
miRNA regulation may be a novel molecular mechanism
through which Chinese herbal medicine exhibits anticancer activity.
Deng HX, Yu YY, Zhou AQ, Zhu JL, Luo LN, Chen WQ, Hu L,
Chen GX. Yangzheng Sanjie decoction regulates proliferation and
apoptosis of gastric cancer cells by enhancing let-7a expression.
World J Gastroenterol 2017; 23(30): 5538-5548 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i30/5538.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i30.5538
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Cell culture

GC cells treated with YZSJD-containing serum (YCS)
and to screen and verify the potential miRNA targets.
Furthermore, we detected the expression of let-7a and
its target gene c-Myc in GC tissues, matched gastric
precancerous tissues and normal gastric mucosa tissues
to investigate the role of let-7a in the progression of
gastric mucosa cancerization.

The human GC cell lines AGS and HS-746T were
purchased from the American Type Culture Collection
(Manassas, VA, United States), the cell lines MKN-45
and SGC-7901 were obtained from the Type Culture
Collection of Chinese Academy of Sciences (Shanghai,
China), and the human immortalized gastric mucosa
cell line GES-1 was provided by the Beijing Institute for
Cancer Research. The cells were cultured in RPMI-1640
medium (HyClone, United States) supplemented with
10% foetal bovine serum (HyClone, United States)
and maintained in a humidified incubator with 5% CO2
at 37 ℃.

MATERIALS AND METHODS
Preparation and quality control of YZSJD

YZSJD, a Chinese herbal compound prescribed by
Dr. Geng-Xin Chen at the Second Affiliated Hospital
of Guangzhou University of Chinese Medicine, is
composed of Astragali Radix 15 g, Codonopsis Radix
15 g, Scutellariae Barbatae Herba 15 g, Arisaematis
Rhizoma Preparatum 10 g, Citri Sarcodactylis Fructus
10 g, Cremastrae Pseudobulbus 10 g, Curcumae
Longae Rhizoma 10 g and Curcumae Rhizoma 15 g.
All the medicinal materials used to prepare formulae
were purchased from Kangmei Pharmaceutical Co.,
Ltd. (Guangzhou, China) and were identified by two
pharmacognosy experts. The herbs (100 g) were
soaked in distilled water (1000 mL) and boiled for 30
min twice, and then the extracts were filtered, mixed
and centrifuged. The upper layer was concentrated
to 0.9 g crude extract per millilitre in a rotary eva
porator (SENCO, China) and stored at -20 ℃ for
future use. To establish quality control standards for
YZSJD, the crude extract preparation and subsequent
high-performance liquid chromatography (HPLC)
determination were repeated ten times. The similarity
of the HPLC fingerprints of 10 batches of YZSJD samples
was assessed using the Computer-Aided Similarity
Evaluation System for Chromatographic Fingerprint
of TCM (Chinese Pharmacopoeia Commission, version
2004A).

Cell groups and cell treatments

AGS and HS-746T cells were suspended and seeded
in 96-well plates at a density of 6000 cells/well or in
6-well plates at a density of 20000 cells/well. The cells
were divided into a YZSJD group and a Control group.
After 12 h of culture, the cells in the YZSJD group
were treated with 10% YCS, while those in the Control
group were treated with 10% normal rat serum.

Cell proliferation assay

The effects of YZSJD on AGS and HS-746T cell
proliferation were estimated using the Cell Counting
Kit-8 (CCK-8) assay (Jingxin, China). After 24, 48
or 72 h of incubation with YCS or normal rat serum,
10 µL of CCK-8 solution was added to each well of a
96-well plate, followed by a 2-h incubation in the dark.
Cell proliferation was evaluated by the absorbance
of each well at 450 nm, which was measured with
a VICTOR X5 Multilabel Plate Reader (PerkinElmer,
United States).

Cell apoptosis assay

The effects of YZSJD on apoptosis were determined
by flow cytometry using an Annexin V-FITC Apoptosis
Detection Kit (BD Pharmingen, United States). After 48
h of incubation with YCS or normal rat serum, cells in
6-well plates were harvested and resuspended in 1 ×
6
binding buffer at a concentration of 1 × 10 cells/mL.
Then, 5 µL of Annexin V-FITC and 10 µL of propidium
iodide were added to 100 µL of the cell suspension.
The cells were incubated for 15 min in the dark before
400 µL of 1 × binding buffer was added. The samples
were analysed by flow cytometry within 1 h.

Preparation of YCS

Forty male SD rats (SPF grade, weighing 250 ± 20
g) were purchased from the laboratory animal centre
of Southern Medical University. The animals were
acclimatized to laboratory conditions (23 ℃, 12 h/12
h light/dark, 50% humidity, ad libitum access to food
and water) for two weeks prior to experimentation.
Subsequently, the rats were randomly and equally
divided into a YZSJD group and a Control group.
Animals in the YZSJD group were gavaged with an
equivalent dose of YZSJD (9 g/kg), while those in the
Control group were administered the same volume of
normal saline once daily. On the seventh day, blood
was drawn from the abdominal aorta 1 h after feeding,
and the serum was isolated. Each group of sera was
mixed, sterilized by filtration and inactivated at 56 ℃
before being stored at -20 ℃. These experiments
were approved by the Institutional Animal Care and
Use Committee of the Second Affiliated Hospital of
Guangzhou University of Chinese Medicine, and efforts
were made to minimize animal suffering.

WJG|www.wjgnet.com

MiRNA PCR array

Total RNA was extracted using Trizol reagent (Invitrogen,
Carlsbad, CA, United States) following the manu
facturer’s instructions. Contaminating DNA in the RNA
preparations was removed with DNase I, and the RNA
was purified using an RNeasy MinElute Cleanup Kit
(Qiagen, Germany). The RNA quantity and purity were
assessed using a NanoDrop ND-1000 spectrophotometer
(NanoDrop Technologies, Wilmington, DE, United
States), and RNA integrity was examined by denaturing
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for reverse transcription and quantitative PCR was
purchased from Ribobio Biotechnology (Guangzhou,
China). The reverse transcription conditions consisted
of an initial incubation at 42 ℃ for 15 min followed
by 85 ℃ for 5 s in a T100 PCR instrument (Bio-Rad,
United States). The qPCR amplification was performed
as follows: 95 ℃ for 30 s, followed by 40 cycles of
95 ℃ for 5 s and 60 ℃ for 30 s on a 7500 Real-Time
PCR System (Applied Biosystems, United States). U6
was used as an endogenous control, and the ΔΔCt
method was used for let-7a quantification.

Table 1 Clinical and pathological characteristics of gastric
cancer patients
Characteristic
Age (yr)
< 60
≥ 60
Sex
Male
Female
Lymph node metastasis
Negative
Positive
Histopathology
Adenocarcinoma
Others
Grade
Well/moderately differentiated
Poorly differentiated
Stage
Early
Advanced
Surgical therapy
Negative
Positive

n (%)
6 (54.5)
5 (45.5)
8 (72.7)
3 (27.3)
6 (54.5)
5 (45.5)

Western blot

11 (100)
0 (0)

Cells were lysed in RIPA buffer (Beyotime, China) to
extract total cellular proteins. Equal amounts of protein
for each sample were separated by 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and
transferred onto polyvinylidene difluoride membranes
(Millipore, United States). After being blocked with
WB blocking solution (Beyotime, China) for 1 h, the
membranes were incubated with a rabbit c-Myc
monoclonal antibody (Cell Signaling Technology, United
States) or a mouse β-actin monoclonal antibody (Boster,
China) at 4 ℃ overnight. The next day, the membranes
were incubated with either a goat anti-rabbit IgG or a
goat anti-mouse IgG horseradish peroxidase-conjugated
secondary antibody (Boster, China) at 37 ℃ for 1 h.
Immunoreactivity was visualized using an enhanced
chemiluminescence reagent (Beyotime, China).

5 (45.5)
6 (54.5)
2 (18.2)
9 (81.8)
0 (0)
11 (100)

agarose gel electrophoresis.
The expression of mature miRNAs was detected
using ExiLENT SYBR Green master mix (Exiqon,
Denmark) and the microRNA Ready-to-Use PCR,
Human panel Ⅰ + Ⅱ (V4.M) (Exiqon, Denmark), accor
ding to the manufacturer’s instructions. Briefly, the
template RNA was reverse transcribed using a Universal
cDNA Synthesis Kit (Exiqon, Denmark), and the reverse
transcription products were then amplified and detected
on a 7900 Real-Time PCR System (Applied Biosystems,
United States) using the following thermocycler
conditions: denaturation at 95 ℃ for 10 min, followed
by 40 cycles of 95 ℃ for 10 s and 60 ℃ for 1 min.
Data analysis was performed with the GenEx qPCR
analysis software (www.exiqon.com/mirna-pcranalysis).
U6 snRNA was used as an endogenous control. The
-ΔΔCt
fold change for each miRNA was calculated as 2
.
We ﬁltered out raw data for which the cycle threshold
values were greater than 30 from the 372 total human
miRNAs, and the differentially expressed miRNAs with a
fold-change ≥ 1.5 in at least one cell line were included
in the further analyses.

Tissue specimens

Tissue from 11 patients with pathologically diag
nosed GC who underwent radical resection without
radiotherapy and chemotherapy at the First Affiliated
Hospital of Guangzhou University of Chinese Medicine
(Guangzhou, Guangdong province, China) from May
2014 to November 2014 was collected. The diagnosis
and histopathologic type of GC were determined
according to the rules of the Japanese Gastric
[20]
Cancer Association . The clinical and pathological
characteristics of the patients are shown in Table
1. All study participants provided written informed
consent and donated a piece of GC tissue, matched
tissue adjacent to the carcinoma and distal normal
gastric tissue. The samples were fixed in 4% para
formaldehyde immediately after surgery and then
embedded in paraffin. Histopathology was confirmed
independently by two experienced pathologists
unaware of the patients’ clinical history. The present
study was approved by the ethics committee of the
First Affiliated Hospital of Guangzhou University of
Chinese Medicine.

qRT-PCR

Total RNA was isolated from AGS and HS-746T cells
with Trizol reagent (Invitrogen, CA, United States). The
RNA concentration and purity were assessed using a
NanoDrop 2000C spectrophotometer (Thermo Fisher
Scientific, United States). Mature let-7a was reverse
transcribed to cDNA using a PrimeScript RT reagent
kit (TaKaRa, Japan), and the specific cDNA was
amplified using a SYBR Premix Ex Taq II kit (TaKaRa,
Japan) according to the manufacturer’s instructions.
The Bulge-Loop hsa-let-7a-5p qRT-PCR Primer Set

WJG|www.wjgnet.com

In situ hybridization

In situ hybridization was performed to detect let7a in paraffin-embedded tissue sections using the
Enhanced Sensitive ISH Detection Kit (Boster, China)
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Figure 1 Yangzheng Sanjie decoction high-performance liquid chromatography fingerprints. High-performance liquid chromatography (HPLC) analysis was
performed to determine the chromatographic fingerprints of Yangzheng Sanjie decoction. Analysed with a Computer-Aided Similarity Evaluation System, the similarity
scores of the HPLC fingerprints of 10 batches of samples were above 0.95.

was based on the nuclear staining. The data were
evaluated as described above.

and DIG-labelled hsa-let-7a miRCURY LNA Detection
probe (Exiqon, Denmark). After pretreatment and
enzymatic digestion, slides were incubated with let7a hybridization solution overnight at 4 ℃. After a 30
min blocking step, the slides were treated with an antidigoxigenin antibody for 1 h. Then, SABC-POD solution
was added to the slides for 20 min at 37 ℃. Next, the
slides were treated with biotin peroxidase for 20 min
and diaminobenzidine (DAB) chromogenic reagent
(Boster, China) for 20 min. Counterstaining was
performed with haematoxylin. Images were taken on
an Olympus BX53 microscope equipped with a digital
camera.
Signals were semi-quantitatively evaluated based on
the cytoplasmic staining intensity and the percentage
of positive cells. Staining intensity was divided into four
levels: 0 (negative), 1 (weak), 2 (moderate) and 3
(strong); the percentage of positive cells was graded
as 0 (none), 1 (< 10%), 2 (10%-50%), 3 (50%-80%)
and 4 (> 80%). A total in situ hybridization (ISH) score
was calculated by multiplying the scores of intensity
and percentage. According to the scores, signals were
assessed as follows: - (≤ 1), + (2 to 4), ++ (4 to 8)
and +++ (≥ 9).

Statistical analysis

All reactions were performed in triplicate. Measurement
data are expressed as the mean ± SD, and statistical
analyses were performed using one-way analysis of
variance. Ordinal data were analysed by Radit analysis.
P < 0.05 was considered statistically significant.

RESULTS
YZSJD HPLC fingerprints

To establish quality control standards for YZSJD, HPLC
was used to analyse 10 batches of YZSJD samples.
As illustrated in Figure 1, the YZSJD HPLC fingerprints
consisted of 22 characteristic peaks. The similarity
scores of the fingerprinting profiles of the 10 batches
of samples were above 0.95, which indicated the
consistency and stability of the extracts and the
preparation procedure.

YZSJD inhibits GC cell proliferation

To investigate the biological effect of YZSJD on GC
progression in vitro, AGS and HS-746T GC cells were
treated with YCS. We evaluated cell proliferation
using the CCK-8 assay. As shown in Figure 2, YCS
significantly decreased the viability of AGS and HS746T cells in a time-dependent manner.

Immunohistochemistry

Immunohistochemistry (IHC) was performed on paraffin
sections using a ready-to-use rabbit anti-human c-Myc
monoclonal antibody (MXB, China). The sections were
first deparaffinized in xylene and rehydrated through
a graded alcohol series. Endogenous peroxidase was
blocked with 3% H2O2 for 10 min, and antigen retrieval
was carried out with sodium citrate buffer at 0.1 MPa
and 121 ℃ for 5 min. After a blocking step using 5%
BSA, slides were separately incubated with 50 µL of
primary antibody at 4 ℃ overnight. Then, they were
visualized by incubation with a biotin-conjugated
secondary antibody followed by streptavidin and
DAB (Boster, China). Counterstaining was performed
with haematoxylin. The c-Myc score of each sample

WJG|www.wjgnet.com

YZSJD induces apoptosis of GC cells

Next, we assessed cell apoptosis using flow cytometry.
The early apoptosis rates of the two cell lines were
significantly increased after treatment with YCS (P
< 0.01). After 48 h treatment with YCS, the early
apoptosis rates reached 9.97% ± 2.35% (AGS) and
10.9% ± 0.85% (HS-746T), while in the Control
+
groups, the proportions of Annexin V /PI cells were
only 1.67% ± 0.23% (AGS) and 1.8% ± 0.27% (HS746T) (Figure 3).
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Figure 2 Yangzheng Sanjie decoction inhibits gastric cancer cell proliferation in a time-dependent manner. The viability of AGS (A) and HS-746T cells (B)
after treatment with YCS was measured using a CCK-8 assay. aP < 0.05 vs the control group; bP < 0.01 vs the control group. YCS: YZSJD-containing serum; YZSJD:
Yangzheng Sanjie decoction; CCK-8: Cell Counting Kit-8.

YZSJD-induced anticancer activity, we employed
qPCR arrays to determine the changes in the miRNA
expression profile in AGS and HS-746T GC cells treated
with YCS. As shown in Figure 4A and B, the expression
levels of a large number of miRNAs were altered.
Using a recommended cut-off of 30 Ct, we identified
54 differentially expressed miRNAs in AGS cells and 60
in HS-746S cells. In both cell lines, 37 miRNAs showed
the same expression alteration trend, 35 of which were
up-regulated and 2 of which were down-regulated
(Figure 4c and Table 2). Notably, almost all of the
members of the let-7 family were altered: hsa-let-7a5p, hsa-let-7d-3p, hsa-let-7f-5p and hsa-miR-98-5p
were consistently up-regulated in both cell lines (Table
2), hsa-let-7g-5p was up-regulated only in AGS cells,
and hsa-let-7b-5p, hsa-let-7c-5p, hsa-let-7d-5p, hsalet-7e-5p and hsa-let-7i-5p were up-regulated only in
HS-746T cells (data not shown).

Table 2 Differentially expressed microRNAs in gastric cancer
cells treated with Yangzheng Sanjie decoction
miRNA ID

Fold change (YZSJD/control)

hsa-let-7a-5p
hsa-let-7d-3p
hsa-let-7f-5p
hsa-miR-7-5p
hsa-miR-15a-5p
hsa-miR-15b-5p
hsa-miR-21-3p
hsa-miR-22-3p
hsa-miR-22-5p
hsa-miR-25-3p
hsa-miR-26b-5p
hsa-miR-27a-3p
hsa-miR-27b-3p
hsa-miR-30a-5p
hsa-miR-30b-5p
hsa-miR-30d-5p
hsa-miR-30e-3p
hsa-miR-32-5p
hsa-miR-92b-3p
hsa-miR-98-5p
hsa-miR-99a-5p
hsa-miR-105-5p
hsa-miR-125a-5p
hsa-miR-139-5p
hsa-miR-181b-5p
hsa-miR-186-5p
hsa-miR-192-5p
hsa-miR-193b-3p
hsa-miR-212-3p
hsa-miR-215-5p
hsa-miR-361-5p
hsa-miR-374a-5p
hsa-miR-450a-5p
hsa-miR-452-5p
hsa-miR-454-3p
hsa-miR-484
hsa-miR-514a-3p

AGS

HS-746T

1.54
1.66
1.68
1.56
1.66
1.62
1.86
1.58
1.74
1.74
1.64
2.07
1.55
1.71
1.55
1.67
1.52
1.60
1.58
1.51
1.73
1.57
1.67
2.35
1.78
1.65
-2.27
3.33
1.81
-2.94
1.83
1.83
1.59
1.61
1.59
1.65
1.60

1.80
1.53
2.70
2.03
2.04
3.26
1.75
1.78
1.60
1.76
1.80
1.59
1.66
4.65
1.73
1.98
1.77
1.83
1.95
1.55
1.56
2.59
1.72
1.91
2.68
1.71
-4.17
1.53
1.67
-4.76
1.84
2.06
1.65
2.58
2.44
2.18
3.34

YZSJD regulates the expression of let-7a/c-Myc in GC
cells

We performed qRT-PCR to detect let-7a expression
in GC cell lines with different genetic backgrounds.
Significant down-regulation of let-7a expression was
found in AGS, HS-746T, MKN-45 and SGC-7901 cells
(P < 0.01) (Figure 5A). Next, the let-7a expression in
AGS and HS-746T cells treated with YCS was further
verified. As shown in Figure 5B, the levels of let-7a
were significantly up-regulated (P < 0.01). We then
conducted Western blot analysis to determine the c-Myc
expression. The c-Myc protein expression was lower in
the YZSJD groups than in the Control groups (Figure
5C and D). These results indicate that YZSJD increased
the expression of let-7a and decreased c-Myc protein
expression in AGS and HS-746T cells.

miRNAs with a fold change ≥ 1.5 in both cell lines are listed. YZSJD:
Yangzheng Sanjie decoction; miRNAs: MicroRNAs.

Abnormal expression of let-7a/c-Myc in the progression
of gastric mucosa cancerization

We examined let-7a expression using ISH and detected
c-Myc expression by IHC in GC tissues, matched paracarcinoma tissues and distal normal gastric mucosal
tissues. A significant reduction of let-7a expression was

YZSJD regulates the miRNA expression profile in GC
cells

To explore the molecular mechanism involved in
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Figure 3 Effects of Yangzheng Sanjie decoction on apoptosis of gastric cancer cells. A: After 48 h treatment with 10% YCS (left) or 10% normal rat serum (right),
the apoptotic cells were determined by flow cytometry. Early apoptotic cells are shown in the lower right-hand quadrant. Representative dot plots of cell apoptosis are
shown. Upper: AGS; Lower: HS-746T; B: Statistical analysis of FCM data. bP < 0.01 vs the control group. YCS: YZSJD-containing serum; YZSJD: Yangzheng Sanjie
decoction.

observed in GC tissues, while let-7a was predominantly
expressed in distal normal gastric mucosa tissues.
Conversely, the IHC-based assessment of c-Myc
expression demonstrated a decreasing trend from GC
tissues and adjacent para-cancerous tissues to distal
normal gastric tissues (Figure 6). There were significant
differences in the expression of let-7a and c-Myc among
the three different grades of gastric mucosa tissues (P
< 0.05) (Table 3).

significantly inhibited proliferation and induced apoptosis
in AGS and HS-746T cells, and YCS treatment resulted
in up-regulation of let-7a and down-regulation of c-Myc
in both cell types.
Currently, chemotherapy, endoscopic and surgical
treatment are the major treatment modalities for GC.
Since chemotherapeutics have the insurmountable
problems of multi-drug resistance and negative side
effects, and endoscopic and surgical treatments rely
to a large extent on early detection of GC, the quality
of life and 5-year overall survival rate for GC patients
remain low. However, due to clear curative effects and
low toxicity, traditional Chinese medicine has been
recognized to have health and well-being benefits in
[21,22]
cancer treatment
.
YZSJD, a Chinese herbal compound prescribed

DISCUSSION
Our results show that let-7a expression was significantly
lower in GC tissues than in the matched precancerous
tissues and normal gastric mucosa epithelium, while
c-Myc expression exhibited an opposite trend. YZSJD
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Figure 4 Effects of Yangzheng Sanjie decoction on miRNA profiles in
gastric cancer cells. Scatter plot analysis of miRNA PCR array data from
AGS (A) and HS-746T (B) cells treated with 10% Yangzheng Sanjie decoctioncontaining serum. The pink lines indicate 1.5-fold changes. C: Venn diagram
analysis of differentially expressed miRNAs unique to each cell line or shared
between AGS and HS-746T cells.

AGS
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Figure 5 Effects of Yangzheng Sanjie decoction on let-7a and c-Myc
expression in gastric cancer cells. A: Down-regulation of let-7a expression
in GC cells; B and C: AGS and HS-746T GC cells were treated with 10% YCS
or 10% normal rat serum for 48 h, and quantitative RT-PCR was performed
to determine the expression levels of let-7a (B), while c-Myc expression was
measured by Wester blot (C); D: Statistical analysis of Western blot data.
a
P < 0.05 vs the control group; bP < 0.01 vs the control group. YCS: YZSJDcontaining serum; YZSJD: Yangzheng Sanjie decoction.

by Dr. Geng-Xin Chen, has been used to treat gastric
precancerous lesions at the Second Affiliated Hospital
of Guangzhou University of Chinese Medicine for more
than a decade. In our previous clinical study, we found
that YZSJD has a definite therapeutic effect on the
precancerous lesions of patients with chronic atrophic
[7,19]
gastritis by targeting EGF and EGFR
. In this study,
we explored the anti-cancer effects of YZSJD in two GC
cell lines and investigated the underlying mechanism.
YZSJD significantly inhibited proliferation and induced
apoptosis in AGS and HS-746T cells.
To explore the molecular mechanism involved
in YZSJD-induced anticancer activity, we employed
qPCR arrays to determine the changes that occurred
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in the miRNA expression profile in AGS and HS-746T
GC cells upon YCS treatment. The expression levels
of a large number of miRNAs were altered. Notably,
almost all of the members of the let-7 family were
up-regulated by YZSJD. Of these, hsa-let-7a-5p, hsalet-7d-3p, hsa-let-7f-5p and hsa-miR-98-5p were
consistently up-regulated in both cell lines. Because of
its high abundance, we focused on let-7a in this study.
Subsequent verification experiments confirmed the
influence of YZSJD on let-7a expression. To monitor
the downstream effectors induced by the differential
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A

B

C

D

E

F

Figure 6 Expression levels of let-7a and c-Myc in gastric cancer tissues. A-C: Expression of let-7a miRNA (ISH, × 400): high in distal normal gastric tissues (A),
moderate in matched para-carcinoma tissues (B) and low in GC tissues (C). D-F: Expression of c-Myc protein (IHC, × 400): low in distal normal tissues (D), moderate
in adjacent tissues (E) and high in GC tissues (F). GC: Gastric cancer; ISH: In situ hybridization; IHC: Immunohistochemistry.

Table 3 Let-7a and c-Myc expression in gastric cancer tissue samples
Tissue
Ca
Pc
N

Let-7a

c-Myc

(-)

(+)

(++)

(+++)

P value

(-)

(+)

(++)

(+++)

P value

3
0
0

7
8
1

1
3
6

0
0
4

< 0.05

0
1
4

2
6
6

4
3
1

5
1
0

< 0.05

Staining intensity was described as negative (-), weak (+), moderate (++) and strong (+++) staining. Ca: Gastric cancer tissues; Pc: Matched para-carcinoma
tissues; N: Matched distal normal gastric tissues.
[15,24,25]

expression of let-7a, we analysed the expression of
c-Myc, a classical target gene of the let-7 family, and
found obvious down-regulation of the protein.
Let-7 was the first human miRNA discovered
[23]
and is known as a classical anti-oncomiR . Pairing
between let-7 and its target genes, such as Myc,
RAS or HMGA2, has been shown to be pivotal in
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tumourigenesis
. Although some conflicting
data have emerged indicating that let-7 may have
[26]
diverse functions in different forms of cancer , there
is evidence showing the significance of let-7 loss in
[27-30]
GC oncogenesis and metastasis
. In this study, we
further investigated the association between let-7 and
the risk of GC in matched tissue samples. Consistent
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Innovations and breakthroughs

with previous studies, our results indicate that let7a expression diminished progressively during the
progression of gastric mucosa cancerization.
The c-Myc oncogene is highly amplified in many
[31,32]
cancer types and contributes to tumourigenesis
.
Functioning as an important transcription factor,
c-Myc protein also plays a crucial role in gastric
[33]
[34]
carcinogenesis . Chen et al
found that targeting
c-Myc strongly inhibited cell growth and induced
apoptosis in SGC7901 GC cells. Our data showed
that c-Myc expression was increased markedly in
GC tissues compared with matched precancerous
tissues and normal gastric mucosae. Our data suggest
that the reduction of let-7a may play an important
role in GC occurrence and development through the
derepression of c-Myc protein expression.
Several studies have revealed that let-7 inhibits
the proliferation, migration, invasion and tumour
[28-30,35]
metastasis of GC cells both in vitro and in vivo
.
Let-7 miRNAs target the c-Myc 3’-UTR and negatively
[15,16]
regulate its protein expression
. More recently,
it was reported that let-7a inhibits the proliferation,
migration and invasion of GC cells by suppressing the
[18]
c-Myc/hnRNPA1/PKM2 pathway . Given that reduced
let-7a is involved in GC oncogenesis and that its
expression increased in both AGS and HS-746T cells
treated with YCS, we speculate that YZSJD suppressed
proliferation and induced apoptosis in GC cells possibly
by regulating the let-7a-c-Myc pathway.
In conclusion, the reduction of let-7a expression
may play an important role in gastric tumourigenesis
through c-Myc derepression. YZSJD inhibits proliferation
and induces apoptosis by enhancing let-7a expression
in GC cells. These findings provide new evidence that
YZSJD has therapeutic potential in the treatment of GC
and that miRNA expression regulation may be a novel
molecular mechanism through which Chinese herbal
medicine exhibits anti-cancer activity.

In the present manuscript, the authors present the novel findings that reduction
of let-7a expression could play an important role in gastric tumourigenesis
through the derepression of c-Myc expression and that YZSJD inhibits
proliferation and induces apoptosis in GC cells by regulating the let-7a-c-Myc
pathway.

Applications

These findings provide new evidence that YZSJD has therapeutic potential
in the treatment of GC and that miRNA expression regulation may be a novel
molecular mechanism through which Chinese herbal medicine exhibits anticancer activity, laying a new foundation for further research into the molecular
mechanisms of GC treatment with Chinese herbal medicine.

Terminology

The let-7 family (let-7a/b/c/d/e/f/g/i and miR-98) is a cluster of broadly
conserved miRNAs. By targeting numerous oncogenes and signalling pathways
(c-Myc, Ras, HMGA2, cyclin D, cyclin A, CDK4/6, Lin28, etc.), let-7 blocks
tumour formation, progression and metastasis and induces cell apoptosis
through post-transcriptional regulation.

Peer-review

This is an interesting basic study on new traditional Chinese medicine in
regulation of the proliferation and apoptosis of GC cells. The authors present
the novel findings that reduction of let-7a expression could play an important
role in gastric tumourigenesis through the derepression of c-Myc expression
and that YZSJD inhibits proliferation and induces apoptosis in GC cells by
regulating the let-7a-c-Myc pathway. These findings provide new evidence
that YZSJD has therapeutic potential in the treatment of GC and that miRNA
expression regulation may be a novel molecular mechanism through which
Chinese herbal medicine exhibits anti-cancer activity.
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AIM
To identify environmental risk factors associated with
the development of Crohn’s disease (CD) in order to reassess the hygiene hypothesis.
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METHODS
A hospital-based, case-control study was carried out
with CD patients (n = 145) and controls (n = 163)

Data sharing statement: No additional data are available.
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representing a socioeconomically diverse statewide
catchment area in Brazil. Controls were recruited from
caregivers of patients seen in different outpatient
clinics at the same hospital. A multi-item survey with
94 questions regarding family history of CD, perinatal
and childhood circumstances, living conditions, tobacco
use and familial socioeconomic status was carried out
by interviewers.

INTRODUCTION
The etiology of Crohn’s disease (CD) remains not
fully understood, being probably multifactorial, due
to a complex interplay between genetic susceptibility
[1-4]
and environmental factors . In the United States
and Europe, the rise in CD incidence was associated
with the effects of industrialization and concomitant
[3,4]
environmental and lifestyle changes . These findings
point toward the notion that environmental factors
might play an important role in CD susceptibility and
prevalence in the developed regions of the globe.
In this regard, the hygiene hypothesis postulates
that better hygienic conditions would reduce the
incidence of infections and favor the development of
[5-8]
immune-mediated diseases
. In this hypothesis,
exposure to different microbial agents could play a
protective role in promoting immune system maturation
by balancing pro-inflammatory Th1 response and
regulatory T cell tolerance. This mechanism would
provide protection against subsequent exposure to
allergens and antigens and less prevalence of conditions
[9]
like inflammatory bowel disease (IBD) . Lack of
experimental evidence, however, persists with regard to
the association between the hygiene hypothesis and the
[10]
increase in CD prevalence .
Incidence and prevalence of CD in Brazil vary
[11]
according to geographical differences . In the Brazilian
State of Rio de Janeiro, the presence of extreme
income inequality and the existence of both urban and
rural areas provide an interesting case study to further
understand the role of environmental factors in CD
development. Specifically, the hygiene hypothesis can
be tested by taking into consideration these extreme
geographical differences present in this relatively
small state. Therefore, the objective of the present
study is to assess the environmental factors that
might be associated with CD development prompted
by the great inter-regional differences present in this
statewide single center catchment area.

RESULTS
On the univariate analysis, predictive variables for CD
included being male, under age of 40, a high education
level, urban dweller, smaller family size, exposure
to enteric pathogens and user of treated water (P
< 0.005). On the multivariate analysis, variables
significantly associated with CD were male gender (OR
= 2.09), under age 40 (OR = 3.10), white (OR = 2.32),
from a small family in childhood (OR = 2.34) and
adulthood (OR = 3.02), absence of viral infections in
childhood (OR = 2.23), exposure to enteric pathogens
(OR = 2.41), having had an appendectomy (OR = 2.47)
and prior or current smoker (OR = 2.83/1.12).
CONCLUSION
Most variables supporting the “hygiene hypothesis”
are associated with the development of CD but are not
independent predictors of the diagnosis.
Key words: Crohn’s disease; Environment; Hygiene
hypothesis; Risk factors
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This case-control study aimed to revisit the
hygiene hypothesis in inflammatory bowel disease
with the inclusion of Crohn’s disease (CD) patients
and healthy controls representing a socioeconomically
diverse statewide catchment area in Brazil. Subjects
completed an extensive 94-item survey regarding
perinatal and childhood circumstances, living con
ditions, smoking and familial socioeconomic status.
Most variables supporting the hygiene hypothesis
were associated with CD but were not independent
predictors of the diagnosis. These findings suggest
that, albeit there is an association, the influence that
these variables might have on disease development
is not as strong as other classic environmental factors
(smoking) found to be closely related to disease onset
and progression.

MATERIALS AND METHODS
Study design and patient inclusion

This is a case-control study including CD patients and
healthy individuals. Patients were recruited at the
IBD outpatient clinic of the Federal University of Rio
de Janeiro (UFRJ) Hospital (HUCFF), Brazil. Healthy
individuals were recruited from caregivers of patients
seen in different outpatient clinics at the same hospital,
with no family ties to the cases. The Ethics Committee
of the Institute of Public Health Studies/UFRJ approved
this study. All patients and control subjects gave
written informed consent before enrolment. Data was
analyzed anonymously to preserve patient’s privacy

Salgado VCL, Luiz RR, Boechat N, Schorr BC, Leão IS, Nunes
T, Zaltman C. Crohn’s disease environmental factors in the
developing world: A case-control study in a statewide catchment
area in Brazil. World J Gastroenterol 2017; 23(30): 5549-5556
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i30/5549.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i30.5549
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Patient selection and data collection

All included patients fulfilled the following criteria:
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active follow up at the IBD outpatient clinic, established
diagnosis of CD by clinical, radiological, endoscopic and
histological parameters, 18 to 80 years of age, males
and females. Patients and controls with established
psychiatric illness or disorders that compromise the
level of awareness or understanding were excluded.
The sample size was based on a convenience sample
according to the number of patients diagnosed with
CD recorded in the HUCFF outpatient clinic.
Structured interviews were done by three inter
viewers trained uniformly using a prepared interview
guide aiming to avoid biased information and ensuring
compliance with the protocol. The 94-item questionnaire
utilized in the present study was a Brazilian Portuguese
translation of a previously developed Canadian ques
[8]
tionnaire with a few adaptations to the local reality.
The questionnaire is mainly focused on risk factors
for the development of CD as demographics aspects
(sex, age, ethnicity, economic/social status, household
area, family size), living conditions (housing conditions
and sanitation, number of cohabitants, contact with
pets and quality of water intake), smoking habits,
family history (first-degree relatives), vaccinations and
diseases (childhood immunizations, worms history,
intestinal infections and viral diseases in childhood
and appendectomy). Most of these variables were
evaluated both in childhood and adulthood, before CD
diagnosis. Age refers to current age at the moment the
questionnaire was applied. Data was then categorized
into two groups: 18 to 39 and 40 to 80 years of age.
Study subjects were racially stratified into two
categories: white and non-white. Economic/social
status was categorized based on the educational level
and family income. Educational level was divided into
three categories: elementary, high school and college
degree. Family income was organized taking into
consideration the household’s gross monthly income
according to multiples of the minimum wage: group 1
covered monthly household income of 0 to 3 minimum
wages (up to about US $285 per household per
month); group 2 covered household income of 3 to 5
minimum wages (US $855 to US $1425 per month)
and group 3 covered increments up to more than 5
minimum wages (above US $1425 per month).
The household area was classified as urban or rural
according to the Brazilian Institute of Geography and
Statistics (IBGE). Definition of urban areas included
cities (municipal seats), villages (district headquarters)
or isolated urban areas; the areas outside of these
parameters were considered rural (Ministry of Plan
ning, Budget and Management Brazilian Institute
of Geography and Statistics - IBGE 2010 Census).
The assessment of housing conditions and adequate
sanitation included: the presence of garbage collection,
running water, and sewage drainage. Family size was
characterized according to the number of inhabitants: 1
inhabitants, 2 to 3 inhabitants, and 4 to 8 inhabitants.

WJG|www.wjgnet.com

Exposure to tobacco also was considered and three
classes were defined: never (never consumed tobacco
daily), previous (currently non-smokers/ex-smokers)
or current tobacco user (current daily smokers) (Global
Adult Tobacco Survey - GATS, 2a Edition. Atlanta,
United States, 2011).

Ethical statement

The study was approved by the Ethics Committee of
the University Hospital Clementino Fraga Filho of the
Federal University of Rio de Janeiro, Brazil (HUCFFUFRJ). Informed consent was obtained from all subjects
prior their enrollment.

Statistical analysis

To verify differences between the two study groups
2
(CD and controls), we used Pearson’s χ . Univariate
and multivariate logistic regression analyses were
performed to identify variables associated with the
development of CD. In the first multivariate analysis,
all variables of interest were included in the model
(analysis 1). A second multivariate analysis was then
performed in which the model comprised only variables
that (A) reached statistical significance or (B) had
an OR higher than 2 at the first multivariate analysis
(analysis 2). Significance level was set at P ≤ 0.05.
Statistical analyses were performed using Package for
the Social Sciences (SPSS) for Windows version 17.0.

RESULTS
The study population included 308 individuals: 145
(47%) CD patients and 163 (53%) controls. Sig
nificant differences between groups were evident
when analyzing variables comprising demographic
characteristics, hygiene, and others environmental
factors before the diagnosis as summarized in Table 1.

Univariate analysis

The variables associated with CD are shown in Table 2.
In this analysis, risk factors such as being male, under
40 years old, high educational level, urban living,
smaller family size in childhood, exposure to enteric
pathogens and user of treated water were significantly
associated with CD (P < 0.05).

Multivariate analysis

The logistic regression analysis was performed initially
on all the variables studied (multivariate analysis 1)
demonstrating that males, being under 40 years of
age and white are associated with a greater likelihood
to develop CD compared with controls (Table 3).
Smaller families in childhood and adulthood, exposure
to enteric pathogens and appendectomy prior to
CD diagnosis were confirmed to be risk factors for
CD development. Prior or current tobacco exposure
were also identified as risk factors for developing the
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Family history
No
Yes

Table 1 Demographics and environmental factors from
Crohn’s disease and control groups (n = 308) n (%)
1

Sex
Male
Female
Age (yr)
18-39
40-80
Race
White
Non-white
Educational level
Elementary
High school
Graduate school
Family income2
<3
3-5
>5
No information
Rural area
No
Yes
Housing conditions
Inadequate
Adequate
Family size in adulthood (n)
Until 1
2-3
4-8
Family size in childhood (n)
1-3
4-6
>7
Pets
No
Yes
Breastfeeding
No
Yes
Unknown
Exposure to untreated water
No
Yes
Vaccine (childhood)
No
Yes
Viral diseases (childhood)
No
Yes
Helmintic infections
No
Yes
Exposure to enteric
pathogens
No
Yes
Previous appendectomy
No
Yes
Tobacco exposure
Never
Prior
Current

Groups CD
(n = 145)

Controls
(n = 163)

P value¹

62 (42.8)
83 (57.2)

43 (26.4)
120 (73.6)

0.002

79 (54.5)
66 (45.5)

50 (30.7)
113 (69.3)

< 0.0001

74 (51)
71 (49)

65 (39.9)
98 (60.1)

0.050

45 (31)
79 (54.5)
21 (14.5)

79 (48.5)
70 (42.9)
14 (8.6)

46 (31.7)
44 (30.3)
40 (27.6)
15 (10.3)

54 (33.1)
55 (33.7)
36 (22.1)
18 (11)

114 (78.6)
31 (21.4)

106 (65)
57 (35)

0.008

12 (8.3)
133 (91.7)

12 (7.4)
151 (92.6)

0.765

23 (15.9)
85 (58.6)
37 (25.5)

47 (28.8)
83 (50.9)
33 (20.2)

0.024

45 (31)
61 (42.1)
39 (26.9)

35 (21.5)
56 (34.4)
72 (44.2)

0.006

30 (20.7)
115 (79.3)

21 (12.9)
142 (87.1)

12 (8.3)
125 (86.2)
8 (5.5)

13 (8)
133 (81.6)
17 (10.4)

43 (29.7)
102 (70.3)

71 (43.6)
92 (56.4)

0.012

12 (8.3)
133 (91.7)

20 (12.3)
143 (87.7)

0.252

17 (11.7)
128 (88.3)

11 (6.7)
152 (93.3)

0.129

45 (31)
100(69)

45 (27.6)
118 (72.4)

0.509

67 (46.2)
78 (53.8)

106 (65)
57 (35)

0.001

133 (91.7)
12 (8.3)

153 (93.9)
10 (6.1)

0.466

86 (59.3)
42 (29)
17 (11.7)

106 (65)
33 (20.2)
24 (14.7)
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132 (91)
13 (9)

153 (93.9)
10 (6.1)

0.346

1 2

χ test; 2Minimum wage. CD: Crohn’s disease.

disease. Considering only variables reaching statistical
significance or having an OR higher than 2 in the first
multivariate analysis (multivariate analysis 2), a strong
risk association was found for male sex, under age
of 40, white, from smaller families in childhood and
adulthood, absence of viral infections in childhood,
exposure to enteric pathogens, appendectomy and
prior and current smoking.

0.006

DISCUSSION
There is a slow but steady increase in CD prevalence
worldwide, mainly in developing countries from Eastern
Europe, Latin America and Asia, although the prevalence
remains lower in comparison with Western Europe and
[12-18]
North America
. The hygiene hypothesis has been
proposed as a possible explanation for the significant
[19]
increase in CD incidence in the last decades . The
present report assessed the hygiene hypothesis and
other environmental factors in a cohort of CD patients
and control subjects living in a statewide single center
catchment area with great social and environmental
inter-regional differences.
Considering the demographic aspects of CD, the
literature presents controversial results regarding
gender, although some studies have reported a slight
predominance in males, which was confirmed in our
[20]
study . We identified a predominance of the disease
in young individuals with a peak prevalence between
18 and 39 years of age, which was also comparable
[16,18,19]
to previous reports
. The Brazilian population is
characterized by a mixed race ancestry, with a genetic
background originated from three main parental
populations - Europeans, Brazilian Native Amerindians
[21]
and Africans . Interestingly, our study showed a
predominance of white individuals in the CD group;
this finding is in keeping with the higher incidence of
IBD found in people with European ancestry.
In the univariate analysis, several important
variables supporting the hygiene hypothesis were
associated with CD development in the present
study: access to treated water, higher educational
level, smaller family size and being an urban dweller.
Theoretically, the presence of these variables could be
associated with less infectious diseases during the first
years of life and more immune-mediated conditions
[5,6]
at a later stage . The relationship between access
to treated water and less infections is straightforward,
but the same might not be true for the other factors.
In this regard, having a higher educational level or

0.730

0.066

0.289

0.190
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Family history
No
Yes

Table 2 Univariate analysis of associations between
demographics, environmental factors in Crohn’s disease
patients

1.00
1.51

0.64-3.54

0.348

Minimum wage, 2χ 2 test. CD: Crohn’s disease.

1

Characteristics
Sex
Male
Female
Age (yr)
18-39
40-80
Race
White
Non-white
Educational level
Elementary
High school
Graduate school
Family income¹
<3
3-5
>5
No information
Rural area
No
Yes
Housing conditions
Inadequate
Adequate
Family size in adulthood (n)
Until 1
2-3
4-8
Family size in childhood (n)
1-3
4-6
>7
Pets
No
Yes
Breastfeeding
No
Yes
Unknown
Exposure to untreated water
No
Yes
Vaccine (childhood)
No
Yes
Viral diseases (childhood)
No
Yes
Helmintic infections
No
Yes
Exposure to enteric
pathogens
No
Yes
Previous appendectomy
No
Yes
Tobacco exposure
Never
Prior
Current

Logistic univariate models
OR

95%CI

P value²

2.09
1.00

1.29-3.37

0.003

2.71
1.00

1.70-4.31

< 0.001

1.57
1.00

1.00-2.47

0.050

1.00
1.98
2.63

1.22-3.22
1.21-5.68

0.006
0.014

1.00
0.94
1.30
0.98

0.54-1.64
0.72-2.37
0.44-2.15

0.826
0.384
0.957

1.98
1.00

1.19-3.29

0.009

1.14
1.00

0.49-2.61

0.765

1.17-3.75
1.15-4.54

0.013
0.018

2.37
2.01
1.00

1.31-4.27
1.18-3.42

0.004
0.010

1.76
1.00

0.96-3.24

0.068

1.00
1.02
0.51

0.45-2.31
0.16-1.61

0.966
0.251

1.00
1.83

1.14-2.93

0.012

1.00
1.55

0.73-3.29

0.254

1.84
1.00

0.83-4.06

0.134

1.18
1.00

0.72-1.93

0.509

1.00
2.16

1.37-3.42

0.001

1.00
1.38

0.57-3.29

0.468

1.00
1.57
0.87

0.92-2.60
0.44-1.73

0.101
0.697

1.00
2.09
2.29
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a smaller family size might function as a surrogate
marker for a higher socioeconomic status, with
subsequent less exposure to infectious diseases in
early childhood. Likewise, being an urban dweller
might lead to less exposure to livestock, decreasing
the risk of parasitic infections that could modulate
[10,22-24]
the immune system
. Despite these univariate
associations supporting the hygiene hypothesis in this
case-control setting, only having a smaller family size
maintained statistical significance in the multivariate
analysis.
Even though previous reports have indicated that
pet ownership during childhood could be a risk factor
for infectious diseases with subsequent reduction of
immune-mediated conditions, we did not observe
[8,14]
this association
. In fact, the association between
having a pet during childhood and CD development
is not entirely clear. In this regard, a Canadian casecontrol study has observed that contact with pets
during childhood might have the opposite expected
effect. In this study, pet ownership was associated with
[25]
an increased risk to develop CD later on . Further
studies are still needed to establish a clear association
between pet ownership in early childhood and an
increased risk to develop CD.
The hygiene hypothesis suggests that improved
sanitation and reduced exposure to enteric organisms
during childhood might lead to inappropriate immuno
[26]
logical responses later in life and higher risk of CD .
We observed, however, that a greater exposure to
enteric pathogens was associated with a higher risk for
the development of CD, a finding also confirmed by
[27]
others . These authors have shown that the increased
risk occurs mainly in the first year after the diagnosis
of infection, suggesting the existence of a detection
bias. Another possible explanation for these results
could be an incorrect diagnosis of intestinal infection at
[27]
CD onset . The same might explain the association
between CD susceptibility and appendectomy. A
significant association between previous appendectomy
at diagnosis and the presence of CD was observed
in this study. This finding, however, can be due to
a misdiagnosis of appendicitis in initial cases of CD,
especially in disease phenotypes with appendicular or
ileocecal involvement.
The current study and several other reports have
implicated smoking as a risk factor for the development
[28]
of CD . The pathophysiology behind the effects
of smoking on CD is not well understood, but it is
hypothesized that there are influences from nicotine
and the participation of increased oxidative stress in the
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Table 3 Multiple linear regression to assess independent factors associated with the development of Crohn’s disease
Characteristics

Multivariate analysis 1
1

Sex
Male
Female
Age (yr)
18-39
40-80
Race
White
Non-white
Educational level
Elementary
High school
Graduate school
Family income¹
<3
3-5
>5
No information
Rural area
No
Yes
Housing conditions
Inadequate
Adequate
Family size in adulthood (n)
Until 1
2-3
4-8
Family size in childhood (n)
1-3
4-6
>7
Pets
No
Yes
Breastfeeding
No
Yes
Unknown
Exposure to untreated water
No
Yes
Vaccine (childhood)
No
Yes
Viral diseases (childhood)
No
Yes
Helmintic infections
No
Yes
Exposure to enteric pathogens
No
Yes
Previous appendectomy
No
Yes
Tobacco exposure
Never
Prior
Current
Family history
No
Yes

Multivariate analysis 2

ORaj

95%CI

P value

2.08
1.00

1.18-3.68

2.83
1.00
2.30
1.00

1

ORaj

95%CI

P value

0.011

2.09
1.00

1.22-3.59

0.007

1.51-5.32

0.001

3.10
1.00

1.71-5.63

< 0.001

1.31-4.02

0.004

2.32
1.00

1.36-3.97

0.002

1.00
1.44
1.45

0.75-2.75
0.52-4.04

0.266
0.470

1.00
0.83
0.90
1.74

0.42-1.64
0.40-2.00
0.67-4.51

0.609
0.807
0.254

1.32
1.00

0.65-2.68

0.432

1.36
1.00

0.49-3.79

0.548

1.59-6.68
1.36-7.34

0.001
0.007

1.52-5.99
1.26-6.50

0.002
0.012

1.28
2.08
1.00

0.57-2.84
1.06-4.08

0.541
0.032

1.66
2.34
1.00

0.81-3.40
1.27-4.32

0.159
0.006

1.45
1.00

0.69-3.05

0.323

1.00
0.77
0.48

0.28-2.09
0.12-1.89

0.616
0.296

1.00
1.54

0.80-2.93

0.188

1.00
0.57

0.20-1.58

0.284

2.42
1.00

0.90-6.48

0.078

2.23
1.00

0.88-5.62

0.088

0.91
1.00

0.51-1.65

0.776

1.00
2.89

1.62-5.17

< 0.001

1.00
2.23

1.41-4.10

0.001

1.00
2.71

0.93-7.83

0.065

1.00
2.47

0.89-6.83

0.080

1.00
3.13
1.13

1.57-6.26
0.50-2.54

0.001
0.768

1.00
2.83
1.12

1.46-5.47
0.51-2.44

0.002
0.775

1.00
1.27

0.45-3.53

0.644

1.00
3.26
3.16

1.00
3.02
2.87

1

ORaj = Odd Ratio adjusted. In the final model only the variables included were statistically significant (95%CI not including value 1). P value HosmerLemeshow statistic for setting the final model = 0.406.
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Peer-review

[29]

intestinal mucosa . Smoking cessation and smoking
prevention might positively influence the development
[30]
and evolution of CD . Interestingly, the studies on
smoking are not consistent across all ethnics groups,
demonstrating the potential for interactions between
smoking and others environmental or genetic factors to
[28]
influence disease occurrence, course or phenotype .
Importantly, interpretation of the present results
should be performed with the perspective that there
are some methodological limitations, including the
possibility of reporting bias, which are common in
case-controlled studies. Nonetheless, information
obtained through structured questionnaires collected
by graduate students, who were trained in a uniform
protocol, tend to minimize this possibility. It was not
possible, however, to control the recall bias, as some
variables addressed issues related to early life.
Overall, in this case-control study, several factors
associated with the development of CD in the univariate
analysis (high education level, urban dweller, smaller
family size, user of treated water) support the role
of the hygiene hypothesis in the pathogenesis of CD.
However, more importantly, most variables were not
found to be independent predictors for the development
of CD. This suggests that, albeit there is an association,
the influence that these variables might have on
disease development is not as strong as other classic
environmental factors (smoking) found to be closely
related to disease onset and progression.

This manuscript offers new evidence to support the hygiene hypothesis,
an interesting topic which has drawn increasing attention in recent years
considering this potential role in the development of CD. This case-control study
was well carried out, especially the well-designed questionnaire containing
most of interested environmental factors, making the data analysis reliable and
convincing. The relationship between several important variables supporting
the hygiene hypothesis and CD development has been clearly demonstrated in
the discussion section, even taking into consideration the extreme geographical
differences in Brazil. Meanwhile, the structure of this manuscript is complete
and the language is perfect.
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Abstract
AIM
To investigated the relationship between postoperative
bleeding following gastric endoscopic submucosal
dissection (ESD) and individual antithrombotic agents.

Informed consent statement: Patients were not required to
provide informed consent to the study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to treatment by written consent.

METHODS
A total of 2488 gastric neoplasms in 2148 consecutive
patients treated between May 2001 and June 2016 were
studied. The antithrombotic agents were categorized
into antiplatelet agents, anticoagulants, and other
antithrombotic agents, and we included combination
therapies [e.g. , dual antiplatelet therapy (DAPT)]. The
risk factors associated with post-ESD bleeding, namely,
antithrombotic agents overall, individual antithrombotic
agents, withdrawal or continuation of antithrombotic
agents, and bleeding onset period (during the first six
days or thereafter), were analyzed using univariate and
multivariate analyses.

Conflict-of-interest statement: All the authors have no conflict
of interest related to the manuscript.
Data sharing statement: No additional data are available.
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which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
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RESULTS
The en bloc resection and complete curative resection
rates were 99.2% and 91.9%, respectively. Posto
perative bleeding occurred in 5.1% cases. Bleeding
occurred in 10.3% of the patients administered anti
thrombotic agents. Being male (p = 0.007), specimen
size (p < 0.001), and antithrombotic agent used (p <
0.001) were independent risk factors for postoperative
bleeding. Heparin bridging therapy (HBT) (p = 0.002)
and DAPT/multidrug combinations (p < 0.001) were
independent risk factors associated with postoperative
bleeding. The bleeding rate of the antithrombotic agent
continuation group was significantly higher than that
of the withdrawal group (p < 0.01). Bleeding within
postoperative day (POD) 6 was significantly higher in
warfarin (p = 0.015), and bleeding after POD 7 was
significantly higher in DAPT/multidrug combinations (p
= 0.007). No thromboembolic events were reported.

because it is minimally invasive and effective . The
most common complication associated with gastric
ESD is postoperative bleeding, which has a frequency
[4-6]
of 3.1%-6.5% .
The number of individuals administered anti
thrombotic agents has increased over recent years.
The Japan Gastrointestinal Endoscopy Society (JGES)
guidelines indicate that withdrawal or continuation of
antithrombotic agents depends on whether the patient is
[7]
at a high or low risk of thromboembolism during ESD .
The risk of postoperative bleeding increases when
gastric ESD is performed on patients on antithrombotic
[8-10]
agent therapy
, and antithrombotic agent therapy is
[11]
an independent risk factor for postoperative bleeding .
Heparin bridging therapy (HBT) is recommended for
patients who are on anticoagulant therapy and are at
[7]
a high risk of thromboembolism , and postoperative
bleeding associated with gastric ESD worsens with
[12-14]
HBT
. Furthermore, the preventive effect of HBT
[15]
on thromboembolism is low . By contrast, the risk
of thromboembolism following antithrombotic agent
[16-18]
withdrawal is 0.6%-4.2%
. Thus, caution is required
when deciding whether to withdraw or continue
antithrombotic agents in preparation for endoscopic
treatment.
Few studies have investigated the incidence of
thromboembolism following gastric ESD in relation to
the different types of antithrombotic agent. Moreover,
the safety and validity of HBT remain controversial.
This study aimed to evaluate postoperative bleeding,
the washout periods, and the thromboembolism
incidence in relation to different antithrombotic agents
following gastric ESD performed on patients admini
stered antithrombotic agents.

CONCLUSION
We must closely monitor patients administered HBT
and DAPT/multidrug combinations after gastric ESD,
particularly those administered multidrug combinations
after discharge.
Key words: Gastric cancer; Endoscopic submucosal
dissection; Postoperative hemorrhages; Antithrombotic
agent; Heparin
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The major complication of gastric endoscopic
submucosal dissection (ESD) is postoperative bleeding.
Previous studies reported the relationship between
postoperative bleeding and antithrombotic agents. We
aimed to investigate postoperative bleeding following
gastric ESD in relation to specific antithrombotic
agents. We showed that antithrombotic agents, in
particular heparin bridging therapy and dual antiplatelet
therapy/multidrug combination, were independent risk
factors for delayed bleeding. Furthermore, bleeding in
the early period was significantly higher for warfarin,
and bleeding in the late period was significantly higher
for multidrug combination. We must strictly observe
multidrug combination users especially after discharge.

MATERIALS AND METHODS
Between May 2001 and June 2016, ESD was performed
on 2148 patients and 2488 early gastric cancer lesions.
Of these patients, 50 with cancer in their remnant
stomachs and four with gastric tubes were excluded;
thus, 2094 patients and 2434 lesions were evaluated.
Multiple lesions resected en bloc were included in
this study, and since the analysis was based on ESDinduced ulcers, 2094 patients and 2378 ulcers were
investigated. We retrospectively reviewed the clinical
records of all patients after obtaining approval from the
institutional review board.
ESD is indicated for differentiated mucosal cancer
lesions without ulcers (UL[-]), regardless of size,
differentiated mucosal cancer lesions ≤ 3 cm with
ulcers (UL[+]), UL[-] undifferentiated mucosal cancer
≤ 2 cm in size[19-21], and for lymph node metastasisfree and distant metastasis-free lesions that have been
confirmed by preoperative computed tomography.
The antithrombotic agents were categorized into
antiplatelet agents (low-dose aspirin and thienopy
ridine), anticoagulants [warfarin and direct oral
anticoagulants (DOAC)], and other antithrombotic

Sato C, Hirasawa K, Koh R, Ikeda R, Fukuchi T, Kobayashi
R, Kaneko H, Makazu M, Maeda S. Postoperative bleeding
in patients on antithrombotic therapy after gastric endoscopic
submucosal dissection. World J Gastroenterol 2017; 23(30):
5557-5566 Available from: URL: http://www.wjgnet.com/1007-9327/
full/v23/i30/5557.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i30.5557

INTRODUCTION
Endoscopic submucosal dissection (ESD) for early
gastric cancer is routinely performed worldwide,
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agents, and we included combination therapies, for
example, dual antiplatelet therapy (DAPT). Of the
patients who received HBT, 94.9% were switched from
warfarin; therefore, the warfarin group was called
the non-HBT warfarin monotherapy group and it was
analyzed separately from the group administered HBT.
The risk factors associated with postoperative
bleeding were investigated in relation to age, sex,
the size of the specimen, the tumor’s morphology,
the tumor’s depth, the presence or absence of
ulcerative findings, antithrombotic agent use, and the
treatment outcomes. The postoperative bleeding risk
was investigated in relation to the aforementioned
drug categories. The time to bleeding with respect to
each drug was separated into an early period, that is,
before postoperative day (POD) 6, and a late period,
that is, after POD 7. The withdrawal and continuation
of the antithrombotic agents, including HBT, were
investigated.

until 2014, comprised omeprazole (20 mg/d) and
after 2015, comprised esomeprazole (20 mg/d); this
treatment continued for at least eight weeks after ESD.
The gastric ESDs were performed using a con
[11,22]
ventional procedure
. After making the incision, a
coagulation procedure was performed on the exposed
blood vessels that remained in the ulcer’s base using
hemostatic forceps (Coagrasper; Olympus Medical
Systems Corporation, Tokyo, Japan). A mixture con
taining aluminum hydroxide gel, liquid magnesium
hydroxide, and 10000 U thrombin (approximately 100
mL) was dispersed.
SLE was performed on all patients on POD 1 to
check the bleeding from the ulcers’ bases, and if
exposed blood vessels were detected, prophylactic
hemostasis using a clip or coagulation hemostasis was
performed. After confirming hemostasis, fluid intakes
were resumed, and liquid meals were reinstated from
POD 2. Solid meals, oral antithrombotic agents, and
PPIs were reinstated simultaneously.

Management and procedure

Postoperative bleeding definitions

If a patient was taking an oral antithrombotic agent, we
consulted the attending physician before the procedure
began and determined the feasibility of treatment
withdrawal and the duration of the withdrawal period
using the JGES guidelines. If patients were taking DAPT
or multiple antithrombotic agents, we changed their
treatment to low-dose aspirin monotherapy following
preprocedural consultations with their attending
physicians.
The patients in the antithrombotic agent conti
nuation and withdrawal groups were hospitalized the
day before the ESD. Patients switched to HBT from
anticoagulant therapy were hospitalized three days
before the ESD, and continuous intravenous drip
infusions of unfractionated heparin were initiated. In
the HBT group, we adjusted the dose to increase the
activated partial thromboplastin time to 1.5-2-times
that of the pretreatment value. We confirmed that
the prothrombin time (PT)-international normalized
ratio (INR) was not excessively prolonged on the
day of the ESD. We interrupted the HBT 6 h before
the ESD, and after the ESD, we confirmed adequate
hemostasis at the ulcer’s base and restarted the HBT
3 h later. Anticoagulant therapy was reinstated from
POD 2 following second-look endoscopy (SLE) on POD
1 to confirm hemostasis. To reach the peak plasma
concentrations rapidly, the patients received twice
their usual doses of anticoagulant therapy on POD 2,
1.5-times their doses on POD 3, and their usual doses
from POD 4 onwards. In the HBT group, we stopped
treatment after confirming that the PT-INR had
reached its optimum range following the reinstatement
of oral treatment. We also reinstated oral treatment
in the withdrawal group from POD 2 onwards following
SLE. All of the patients received omeprazole drip
infusions (40 mg/d) on POD 1. From POD 2 onwards,
they received an oral proton pump inhibitor (PPI) that,
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Postoperative bleeding was defined as clinical evidence
of bleeding in ESD-induced ulcers, which included
the occurrence of overt hematemesis, the presence
of melena, the presence of blood or clots in the
stomach, spots of bleeding observed endoscopically,
or a reduction in the hemoglobin level of > 2 g/dL.
Preventive hemostasis of visible vessels without
evidence of bleeding during SLE was not included in
the analysis. Most patients were hospitalized for six
days after the ESD; hence, bleeding that occurred
during hospitalization was defined as early-phase
postoperative bleeding, and that which occurred after
discharge was defined as late-phase postoperative
bleeding.

Statistical analysis

Some of the patients had more than one gastric
neoplasm and underwent one or more ESDs. For
the statistical analyses, the data from different ESDinduced ulcers were considered to represent statistically
independent observations. The patients’ characteristics
are expressed as the means and the standard de
viations. The groups’ mean quantitative values were
compared using analyses of variance followed by t
tests. To investigate the potential risk factors associated
with post-ESD bleeding, we analyzed the following
variables: age; sex; the use of antithrombotic agents,
including aspirin, thienopyridine, warfarin, DOACs,
HBT, other antithrombotic agents, and DAPT/multidrug
combinations; the resected specimen’s maximum
diameter; the tumor’s location; pathological factors,
including the macroscopic type, histological depth, and
lymphovascular invasion; the ulcer’s characteristics;
the procedure time; complications, including per
forations, postoperative perforations, postoperative
bleeding, and thromboembolism; drug withdrawal or
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perative bleeding, the ulcers (n = 2378) were divided
into a bleeding group (n = 122) and a non-bleeding
group (n = 2256). Overall, 447 ulcers (18.8%)
occurred in the patients administered antithrombotic
agents, and the rate of bleeding was 10.3% (46/447).
The univariate analysis showed that being male (p =
0.002), a large specimen (p < 0.001), submucosal
invasive cancer (p = 0.045), and antithrombotic
agent use (p < 0.001) were significantly associated
with post-ESD bleeding (Table 2). The multivariate
analysis revealed that being male (OR = 2.103,
95%CI: 1.224-3.611, p = 0.007), the specimen size
(OR = 1.025, 95%CI: 1.013-1.037, p < 0.001),
and antithrombotic agent use (OR = 2.643, 95%CI:
1.796-3.889, p < 0.001) were independent risk factors
for postoperative bleeding (Table 3).

Table 1 Clinicopathological features and treatment outcomes
of all 2094 patients (2434 lesions and 2378 ulcers) n (%)
Age (mean ± SD, yr)
Gender
Male
Female
Location
U
M
L
Morphology
Protruded
Flat/depressed
Specimen size, (mean ± SD, mm)
Depth of invasion
M
SM
Ulcerative findings
(+)
(-)
Anticoagulant agents
(+)
(-)
En-bloc resection
R0+curative resection
Mean procedure time ± SD (min)
Complications
Perforation
Delayed perforation
Delayed bleeding
Thromboembolism

72 ± 6.9
1786 (75.1)
592 (24.9)
412 (17.5)
742 (31.2)
122 (51.5)
1042 (43.8)
1336 (56.2)
39 ± 9.8
2227 (93.7)
151 (6.3)
203 (8.5)
2175 (91.5)

Risk factors for post-ESD bleeding according to the
drug(s) administered

447 (18.8)
1931 (81.2)
99.2%
91.9%
49 ± 30.1

The antithrombotic agent group comprised 447
ulcers, and postoperative bleeding occurred in 211
(47.2%) cases on low-dose aspirin, 19 (4.3%) cases
on thienopyridine, 17 (3.8%) cases on warfarin, 18
(4.0%) cases on DOACs, 70 (15.7%) cases on other
antithrombotic monotherapies, 39 (8.7%) cases
on HBT, and 75 (16.8%) cases on DAPT/multidrug
combinations (Table 4). In addition, 94.9% (37 cases)
of the HBT cases were warfarin users who were
switched to HBT.
The bleeding rates were 5.7% (12/211 cases, p =
0.224) in the low-dose aspirin group, 0% (0/19 cases, p
= 0.379) in the thienopyridine group, 5.9% (1/17 cases,
p = 0.498) in the warfarin group, 5.6% (1/18 cases,
p = 0.725) in the DOAC group, 4.3% (3/70 cases, p
= 0.883) in the other antithrombotic monotherapy
group, 15.4% (6/39 cases, p < 0.01) in the HBT group,
and 30.7% (23/75 cases, p < 0.01) in the DAPT/
multidrug combination group. The multivariate analysis
determined that HBT and DAPT/multidrug combinations
were independent risk factors for post-ESD bleeding
[HBT: OR = 4.244, 95%CI: (1.736-10.380), p = 0.002;
DAPT/multidrug combinations: OR = 10.325, 95%CI:
(6.060-17.593), p < 0.001] (Table 5).

74 (3.1)
2 (0.8)
122 (5.1)
0

continuation; and the bleeding time frame. For the
univariate analyses, the categorical variables were
2
compared using the χ test and Fisher’s exact test,
as appropriate, followed by Fisher’s least significant
difference post hoc test, and those variables with
p values < 0.05 were included in the multivariate
analyses. The ORs and 95%CIs were calculated using
logistic regression analyses to identify the factors
associated with postoperative bleeding. P values <
0.05 were considered statistically significant. All of
the statistical analyses were conducted using SPSS,
version 13.0 (SPSS Inc., Chicago, IL, United States).

RESULTS
The ESD procedures were well tolerated by the
patients, and their cardiac and respiratory parameters
remained stable throughout the procedures. Table 1
presents the clinicopathological characteristics of and
the treatment outcomes from the 2094 patients (2434
lesions and 2378 ulcers).
The en-bloc resection and complete curative
resection rates were 99.2% and 91.9%, respectively.
There were 74 (3.1%) cases with perforations, two
(0.08%) postoperative perforations, and 122 (5.1%)
cases of postoperative bleeding. No thromboembolic
events occurred.

Rates of bleeding associated with antithrombotic agent
withdrawal or continuation

Risk factors associated with postoperative bleeding

Bleeding during the early period (up to POD 6) was
common among the patients administered warfarin (p

The postoperative bleeding rates in the control (1931
ulcers) and withdrawal (401 ulcers) groups were
3.9% (76/1931 ulcers) and 8.0% (32/401 ulcers),
respectively, a difference that was significant (p < 0.01)
(Table 6). The postoperative bleeding rates in the
withdrawal (401 ulcers) and continuation (46 ulcers)
groups were 8.0% (32/401 ulcers) and 30.4% (14/46
ulcers), respectively, a difference that was significant (p
< 0.01) (Table 6).

Bleeding times according to the drug(s) administered

To investigate the risk factors associated with posto
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Table 2 Univariate analysis of risk factors of delayed bleeding n (%)
n = 2378
Age (mean ± SD, yr)
Gender
Male
Female
Location
U
M
L
Morphology
Protruded
Flat/depressed
Specimen size (mean ± SD, mm)
Depth of invasion
M
SM
Ulcerative findings
(+)
(-)
Anticoagulant agents
(+)
(-)
En-bloc resection rate
R0+curative resection rate
Median procedure time (min)

P value

OR

95%CI

71.1 ± 8.8

0.6222

1.005

0.984-1.027

106 (5.9)
16 (2.7)

1680 (94.1)
576 (97.3)

0.0021

2.271

1.331-3.875

412 (17.3)
742 (31.2)
1224 (51.5)

17 (4.1)
40 (5.4)
65 (5.3)

395 (95.9)
702 (94.6)
1159 (94.7)

0.342
0.344

Reference
1.303
1.324

1.0
0.755-2.250
0.741-2.366

1042 (43.8)
1336 (56.2)
38.9 ± 2.2

49 (4.7)
73 (5.5)
44.4 ± 15.1

993 (95.3)
1263 (94.5)
38.9 ± 13.1

0.4041

0.854

0.589-1.238

< 0.0012

1.025

1.014-1.037-

2227 (93.7)
151 (6.3)

109 (4.9)
13 (8.6)

2118 (95.1)
138 (91.4)

0.0451

1.830

1.004-3.336

203 (8.5)
2175 (91.5)

12 (5.9)
110 (5.1)

191 (94.1)
2065 (94.9)

0.5981

1.179

0.638-2.179

401 (89.7)
1855 (96.1)
99.2%
97.1%
50 ± 32.2

< 0.0011

2.800

1.911-4.101

0.979
0.198
0.8852

0.973
1.744
1.033

0.129-7.329
0.740-4.017
0.840-2.354

Delayed bleeding
(+) n = 122

(-) n = 2256

71.5 ± 8.7
1786 (75.1)
24.9 (592)

447 (18.8)
1931 (81.2)
99.2%
91.9%
49 ± 30.1

46 (10.3)
76 (3.9)
99.1%
95.1%
50 ± 30.8

1 2

χ test; 2t-test.

independent risk factor.
Furthermore, HBT and DAPT/multidrug combina
tions were independent risk factors for postoperative
bleeding. This study’s findings showed that posto
perative bleeding was significantly higher in the group
that continued antithrombotic agents compared with
the group that withdrew antithrombotic agents. Our
findings also showed that early-phase bleeding was
more frequent in association with HBT and that latephase bleeding was more frequent in association with
DAPT/multidrug combinations.
The bleeding rate for patients on antithrombotic
[26,27]
agents is high at 23.3%-35.5%
, that associated with
HBT is higher at 23.8%-61.5%, and it is even higher in
[12-14,28,29]
association with multidrug combinations
. We
found that HBT and DAPT/multidrug combinations
were independent risk factors associated with posto
perative bleeding, which concurs with previous reports.
However, until now, the risk of post-ESD bleeding and
the bleeding time frames in the context of individual
antithrombotic agents had not been investigated in
a large number of subjects. Furthermore, this is the
first study to compare the risk of bleeding in a control
group and a treatment withdrawal group, and in a
withdrawal group and treatment continuation group.
In this investigation, 94.9% (37/39) of the patients
treated with HBT were switched from warfarin therapy.
When HBT patients are administered warfarin, they will
be affected by the HBT; hence, the effect of warfarin
alone on postoperative bleeding cannot be analyzed.
Consequently, this study’s analysis involved assigning
the patients to an HBT group or a non-HBT warfarin

Table 3 Multivariate analysis of risk factors of delayed
bleeding

Male
Median specimen size
SM
Anticoagulant agents (+)

P value

OR

95%CI

0.007
< 0.001
0.187
< 0.001

2.103
1.025
1.516
2.643

1.224-3.611
1.013-1.037
0.817-2.812
1.796-3.889

= 0.015), and bleeding during the late period (from
POD 7 onwards) was common among the patients
administered DAPT/multidrug combinations (p =
0.007) (Table 7). Bleeding was commonly observed
during the early period in patients administered HBT, a
difference that was not significant compared with the
other treatments.

DISCUSSION
In this study, we investigated the risk of bleeding
associated with gastric ESD, the bleeding time, and
the risk of bleeding associated with treatment with
drawal or continuation according to the antithrombotic
agent(s) administered. We determined that being
male, a large specimen, and antithrombotic agent
use were independent risk factors for postoperative
bleeding. Previous reports revealed that the prevalence
of ischemic heart disease and stroke is higher for male
[23-25]
than for female
. Furthermore, since ischemic
heart disease and stroke are closely related to anti
thrombotic therapy, we considered that male sex is an
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Table 4 Univariate analysis of risk factors for delayed bleeding by each antithrombotic agent n (%)
P value1

OR

95%CI

199 (94.3)
1855 (96.1)

0.224

1.472

0.787-2.753

0 (0)
76 (3.9)

19 (100)
1855 (96.1)

0.379

0.990

0.985-0.994

1 (5.9)
76 (3.9)

16 (94.1)
1855 (96.1)

0.498

1.525

0.200-11.653

1 (5.6)
76 (3.9)

17 (94.4)
1855 (96.1)

0.725

1.436

0.189-10.930

3 (4.3)
76 (3.9)

67 (95.7)
1855 (96.1)

0.883

1.093

0.336-3.554

6 (15.4)
76 (3.9)

33 (84.6)
1855 (96.1)

< 0.01

4.438

1.805-10.911

23 (30.7)
76 (3.9)

52 (69.3)
1855 (96.1)

< 0.01

10.796

6.280-18.558

Delayed bleeding
Aspirin
(+) (n = 211)
(-) (n = 1931)
Thienopyridine
(+) (n = 19)
(-) (n = 1931)
Warfarin
(+) (n = 17)
(-) (n = 1931)
DOAC
(+) (n = 18)
(-) (n = 1931)
Others
(+) (n = 70)
(-) (n = 1931)
HBT
(+) (n = 39)
(-) (n = 1931)
DAPT/multidrug combination
(+) (n = 75)
(-) (n = 1931)

(+)

(-)

12 (5.7)
76 (3.9)

1 2

χ test. DOAC: Direct oral anticoagulants; HBT: Heparin bridging therapy; DAPT: Dual antiplatelet therapy.

bleeding, including ESD, it is preferable to administer
aspirin alone with no treatment withdrawal. The
guidelines from the United States and Europe also
[7,31,32]
recommend continuing aspirin therapy
. Therefore,
the continuation of aspirin therapy was permitted in
this study. However, the times at which drug treat
ments other than aspirin are resumed in DAPT and
combination therapy regimens to reduce the risk of
bleeding must be investigated. On the other hand,
withdrawing anticoagulants, for example, warfarin,
will likely induce serious thromboembolism. Therefore,
HBT after withdrawal is recommended for endoscopic
[7]
procedures . Patients administered warfarin and
periprocedural HBT are at a higher risk of bleeding
compared with those who are not administered
[33,34]
HBT
. Currently, insufficient evidence exists that
supports the prevention of thromboembolism by HBT,
and reports have been published that state that it
either has no effect on or it has an equivalent efficacy
at preventing arterial thromboembolism and reducing
[15,33]
the risk of bleeding
. In this study, perioperative
thromboembolism did not occur in any of the patients;
hence, the prophylactic effect of HBT on blood clots
could not be verified. This study’s results demonstrated
that HBT is an independent risk factor associated
with bleeding, and considering previous reports, we
recommend that patients on warfarin should either be
switched to DOAC rather than HBT, or that they should
continue warfarin treatment when ESD is indicated.
The times at which HBT and antithrombotic agent
treatments are reinstated are determined once hemo
stasis has been confirmed; however, definitive timings
have not been established. We reinstated heparin
treatment from 3 h after ESD, after performing

Table 5 Multivariate analysis of risk factors for delayed
bleeding by each antithrombotic agent

HBT
DAPT/multidrug
combination

P value

OR

95%CI

0.002
< 0.001

4.244
10.325

1.736-10.380
6.060-17.593

HBT: Heparin bridging therapy; DAPT: Dual antiplatelet therapy.

monotherapy group. In the warfarin group, 94%
(16/17) of the patients continued their treatment,
but there was no significant difference in relation
to bleeding, a finding that has never been reported
before.
The postoperative bleeding rate was high in the
antithrombotic agent continuation group compared
with the control and withdrawal groups. Therefore,
to reduce the bleeding risk, antithrombotic agent
withdrawal is preferable. However, between 1% and
4.2% of patients at a high risk of thromboembolism
develop thromboembolisms following drug with
[15-18]
drawal
. Thus, drug withdrawal may trigger serious
life-threatening complications. In contrast, another
report states that the prognosis is significantly worse
following the onset of gastrointestinal bleeding after
[30]
percutaneous coronary intervention . Regarding
therapy withdrawal or continuation, physicians should
examine a patient’s thromboembolism risk and the
drug type, and consider implementing tailor-made
treatment for each case.
The JGES guidelines recommend that for patients
at a high risk of thromboembolism during endoscopic
procedures that are associated with a high risk of
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Table 6 Investigation of rate of bleeding based on withdrawal or continuation of antithrombotic agent n (%)
P value1

OR

95%CI

1855 (96.1)
369 (92.0)

< 0.01

0.472

0.308-0.725

369 (92.0)
32 (69.6)

< 0.01

5.045

2.445-10.411

Delayed bleeding
Control group/withdrawal group
Control (n = 1931)
Withdrawal (n = 401)
Withdrawal group/continuation group
Withdrawal (n = 401)
Continuation (n = 46)

(+)

(-)

76 (3.9)
32 (8.0)
32 (8.0)
14 (30.4)

1 2

χ test.

Table 7 Investigation of bleeding time by each drug
Bleeding (+) n = 46
Aspirin (n = 12)
Thienopyridine (n = 0)
Warfarin (n = 7)
DOAC (n = 1)
Others (n = 3)
HBT (n = 6)
DAPT/multidrug combination (n = 23)

Early phase

Late phase

6
0
6
0
2
5
5

6
0
1
1
1
1
18

P value1

OR

95%CI

0.477
0.015
1.000
0.561
0.068
0.007

0.619
0.083
1.038
0.327
0.108
5.600

0.164-2.332
0.009-0.767
0.964-1.118
0.027-3.892
0.011-1.015
1.530-20.492

1

Fisher’s exact test. DOAC: Direct oral anticoagulants; HBT: Heparin bridging therapy; DAPT: Dual antiplatelet therapy.

adequate hemostasis of the ulcer base and accounting
for the thromboembolism risk. Furthermore, we per
formed SLE on the day after ESD, and we performed
preventive hemostasis on the exposed blood vessels
in the ulcers’ bases, even if there was no bleeding.
Early bleeding was common before POD 6 in the HBT
group. This may have been caused by the synergistic
pharmacological effects of the heparin and the
anticoagulants, which were reinstated from POD 2
onwards, reaching their peak plasma concentrations.
In contrast, in the DAPT/multidrug combination group,
the plasma concentrations of the respective anti
thrombotic agents were stable and required time to
reach their peak ranges, and late bleeding became
common from POD 7 onwards.
Many reports describe post-ESD bleeding prevention,
and coagulation immediately after ESD is commonly
[5]
used and is effective . Applying a polyglycolic acid
sheet to and spreading fibrin glue on ESD-induced
ulcer bases are novel, easy, and effective approaches to
the management of post-ESD bleeding in patients on
[35-37]
antithrombotic agents
, and they will be useful for
patients who are at a high risk of bleeding.
The findings from a multicenter prospective rando
[38]
mized study of SLE undertaken by Mochizuki et al
showed that the postoperative bleeding rates did not
differ significantly between the SLE and the non-SLE
groups. These investigators reported that scheduled
SLE could not be expected to reduce bleeding. However,
another report states that SLE and third-look esophago
gastroduodenoscopy are useful for preventing post-ESD
[39]
bleeding in patients on antithrombotic agents . Further
investigations into these approaches are warranted.
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The limitations of this study are as follows. First,
this is a single-center retrospective cohort study.
Second, the relationship between Helicobacter pylori
(H. pylori) and postoperative bleeding after gastric
ESD was not investigated. We could not confirm the
information about H. pylori infection and eradication,
particularly in the initial cases, because of the long
research period. As a result, only about 60% of the
total information of H. pylori could be obtained; thus,
the state of H. pylori infection was excluded as a factor
for postoperative bleeding in this study.
This study’s findings demonstrated that HBT
and DAPT/multidrug combinations are independent
risk factors for postoperative bleeding in patients
on antithrombotic agents who undergo gastric ESD.
Adequate management that considers the prevention
of bleeding and thromboembolism is important.

What is already known on this topic

Antithrombotic agent therapy increases the risk of
bleeding after ESD. Serious thromboembolism may
occur following antithrombotic agent withdrawal.

What this study adds to our knowledge

HBT and DAPT/multidrug combinations are in
dependent risk factors for bleeding post-ESD. Earlyphase bleeding was more frequently associated with
HBT, and late-phase bleeding was more frequently
associated with DAPT/multidrug combinations. When
patients on warfarin monotherapy and those who
are switched from warfarin to HBT are investigated
separately, HBT alone becomes a risk factor.
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of patients in a large cohort. The authors showed that antithrombotic agent
in particular heparin bridging therapy and DAPT/multidrug combination were
independent risk factors for delayed bleeding, and furthermore, bleeding in
the early period was significantly higher for warfarin, and bleeding in the late
period was significantly higher for multidrug combination. They recommend to
pay attention strictly to observe multidrug combination users especially after
discharge. The structure of the manuscript is complete. The scientific question
and the aim of the study was stressed clearly in the introduction. The study is
well-designed, and all methods and techniques were explained in details. The
results add new findings and information to current knowledge. The results
were discussed comprehensively.
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Background

The most common complication associated with gastric endoscopic
submucosal dissection (ESD) is postoperative bleeding. An increasing number
of reports have revealed that antithrombotic agent therapy is a risk factor after
ESD. Withdrawal or continuation of antithrombotic agents is decided depending
on the patient’s risk of thromboembolism. However, many reports showed that
antithrombotic agents promote the risk of postoperative bleeding and withdrawal
promotes thrombosis. Although it is clinically questionable whether all types of
antithrombotic agents can be equally treated, detailed investigation has not yet
been performed and the risk and benefit of continuation or withdrawal remain
controversial. Thus, this study aimed to evaluate postoperative bleeding, the
washout periods, and the thromboembolism incidence in relation to different
antithrombotic agents following gastric ESD performed on patients administered
antithrombotic agents.
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Abstract
AIM
To describe the imaging features of serous neoplasms of
the pancreas using ultrasound, endoscopic ultrasound,
computed tomography and magnetic resonance imaging.
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METHODS
This multicenter international collaboration enhances
a literature review to date, reporting features of 287
histologically confirmed cases of serous pancreatic
cystic neoplasms (SPNs).

other common cystic tumors and all solid tumors of
the pancreas. SPN has been previously termed serous
pancreatic cystic neoplasia and serous pancreatic
[4]
cystadenoma . Approximately 75% of SPNs are found
in women at an average age of 50-60 years, however
[5]
SPN may also be found in much younger patients .
Typically located in the body-tail of the pancreas and
[4,6-8]
solitary, the majority are detected incidentally
. In
the largest series published to date (n = 2622), 61%
of patients were asymptomatic and 27% reported
non-specific abdominal complaints, whilst only 9%
presented with pancreatobiliary symptoms, and 9%
[5]
with other symptoms .
Histopathologically, SPNs are cyst-forming epithelial
neoplasms composed of cuboidal, glycogen-rich,
epithelial cells, without cellular atypia. The cyst content
is defined as “clear watery”. SPNs lack the genetic
alterations typical of PDAC, pancreatic neuroendocrine
tumors, and mucinous cystic neoplasms of the pancreas
(MCN and IPMN). Rather, they are characterized by
molecular alterations of the von-Hippel-Lindau (VHL)
gene and overexpression of vascular endothelial factor
(VEGF), glucose transporter 1, and other markers of
[9]
clear-cell tumorogenesis (HIF1-α, CAIX) . VHL patients
have a high prevalence of pancreatic lesions (unclassified
benign cysts, neuroendocrine tumors, SPNs) and often
multiple tumors in the gland. A systematic review found
[10]
SPN in 11% of VHL patients . However, the majority
of SPNs are sporadic.
Most serous neoplasms are benign and defined
as serous cystadenomas (SCAs). More aggressive
subtypes occur, demonstrated in a series of 257
resected SCAs; 5.1% of SPNs were locally aggressive,
with invasion of surrounding structures or vasculature
or direct extension into peripancreatic lymph nodes,
while 0.8% were frankly malignant, given the pre
[5]
sence of metastases . Another series of 193 SPNs
reported infiltration of adjacent organs and structures
in 3% of cases, but called into question the term
[11]
“malignancy” for cases of very large SPNs . Rare cases
of synchronous or metachronous hepatic SPNs may
represent multifocal occurrence rather than metastatic
[9]
spread . Frankly malignant behavior with metastases
seems to be very rare. In a multinational study of 2622
patients with SPNs, only 3 serous cystadenocarcinomas
[8]
(SCACs) were recorded (0.1%) . Therefore, SCAC
is represented predominantly by a few sporadic case
reports in the recent literature. Follow-up studies have
not demonstrated proof of an adenoma-carcinoma
[8,9,11-15]
sequence in SPN
.
The growth rate of SPNs is variably reported. In the
largest series (n = 2622) it was found to be only 4 mm/
year, and size was stable or decreased in as many as
[8]
63% of patients . This was supported by another series
(n = 214), where the doubling time was estimated
at approximately 12 years, and was independent of
[14]
tumour size . In contrast, in another case series (n
= 106) growth rate was reported to vary by tumor

RESULTS
Female predominance is seen with most SPNs
th
th
presenting asymptomatically in the 5 through 7
decade. Mean lesion size was 38.7 mm, 98% were
single, 44.2% cystic, 46% mixed cystic and solid, and
94% hypoechoic on B-mode ultrasound. Vascular
patterns and contrast-enhancement profiles are
described as hypervascular and hyperenhancing.
CONCLUSION
The described ultrasound features can aid differentiation
of SPN from other neoplastic lesions under most
circumstances.
Key words: Guideline; Cancer; Ultrasound; Endoscopic
ultrasound; Elastography
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Serous pancreatic cystic neoplasms are
infrequent neoplasms of the pancreas. Ultrasound
features including single cystic or mixed cystic and solid
hypoechoic lesions, hypervascular and hyperenhancing
profiles as described can aid differentiation from other
neoplastic lesions under most circumstances.
Dietrich CF, Dong Y, Jenssen C, Ciaravino V, Hocke M, Wang
WP, Burmester E, Möller K, Atkinson NSS, Capelli P, D’Onofrio
M. Serous pancreatic neoplasia, data and review. World J
Gastroenterol 2017; 23(30): 5567-5578 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i30/5567.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i30.5567

INTRODUCTION
Pancreatic ductal adenocarcinoma (PDAC) is the most
common malignancy of the pancreas, accounting for
about 90% of malignant pancreatic neoplasms. The
most important imaging diagnosis to differentiate from
[1,2]
PDAC are neuroendocrine tumours . Most pancreatic
cystic neoplasms are mucin producing including
intraductal pancreatic mucinous neoplasia (IPMN) and
[3]
mucinous cystic neoplasia (MCN) . Other important
pancreatic lesions to differentiate include metastases
(e.g., of renal cell cancer), lymphoma and ectopic
spleen. Comparatively less is known about serous
pancreatic neoplasia (SPN) which is a rare (less than
1%-2% of pancreatic neoplasia) and predominantly
cystic appearing tumor of the pancreas. Critically SPN
is considered benign in comparison to the majority of
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size, with the fastest growth (20 mm/year) observed
in tumors ≥ 40 mm, compared to tumors < 40 mm
[16]
(increasing 12 mm/year) . Finally, a fourth series
(n = 145) found the fastest growth 7-10 years after
diagnosis (60 mm/year) compared to the first 7 years
(10 mm/year). Oligocystic or macrocystic appearance,
a history of other tumors, and patient age were all
[13]
significant predictors of more rapid tumor growth .
Diagnosis of SPN primarily is based on imaging
[computed tomography (CT); magnetic resonance
imaging (MRI); ultrasound (US); endoscopic ultrasound
(EUS)]. The classical microcystic SPN consists of
innumerable very small cysts separated by thin,
vessel-containing fibrous septae. Cysts may be micro
scopic or measure up to 10 mm. These features
cause a honeycomb or sponge-like appearance with
hypervascularity and distinct, sometimes lobulated,
margins. Pertinent negatives include communication
with the pancreatic duct, vascularized mural nodules,
and a hypervascular capsule on contrast-enhanced
imaging, whilst a central scar is visible in a third of
[17-25]
cases and may contain calcifications
. Pitfalls may
arise from several factors: the macro- and oligo-cystic
types of SPN can appear similar to pseudocysts or
MCN. Rarely the solid form of SPN may be confused
with other hypervascular well-circumscribed pancreatic
tumors, in particular neuroendocrine tumors and solid
[18,19,26-28]
pseudopapillary neoplasms
. In contrast to the
mentioned reports, an atypical appearance on CT was
found in 61.1% of cases in a study of 72 confirmed
[28]
SPNs .
A correct diagnosis of SPN is challenging. The preoperative diagnosis was wrong in 63% of resected cases
[12]
in a Japanese series , and in a large multinational
study the indication for surgery was an uncertainty of
[8]
diagnosis in 60% of cases . To date, no large series
describing typical and atypical US- and EUS-features of
SPNs has been reported.
The aim of this retrospective study was to describe
the imaging features of serous neoplasms of the
pancreas using US, EUS, CT and MRI. The frequency of
atypical imaging aspects by different imaging modalities
will be estimated and the most common atypical
features will be reported, particularly of US which is
often the initial imaging modality employed.

Bothell, WA, United States; C5-1 convex array probes,
1-5 MHz), or LOGIQ E9 (GE Healthcare, Milwaukee, WI,
United States; C1-5 convex array probes, 1-5 MHz)
or Hitachi (Hi vision EUB-6500, Preirus, Ascendus;
C715 convex array probes, 1-5 MHz), or SIEMENS
(Acuson Sequoia or S2000), or Toshiba (Aplio platinum
500; Aplio CV, convex array probes 3-6 MHz). CEUS
was performed using contrast harmonic real-time
imaging at a low MI 0.05-0.30. The ultrasound contrast
agent Sonovue was used at a dose of 1.5-2.4 mL,
immediately followed by an injection of 10 mL sodium
chloride solution. Images were recorded for 3 min after
contrast agent injection.
Contrast enhanced EUS was performed using
longitudinal echoendoscopes EG-3870 UTK and Hitachi
platforms (Hitachi HI vision EUB-6500, Hitachi Preirus,
[29-32]
Hitachi Ascendus)
.

Imaging Evaluation (TUS, EUS, CEUS, ceEUS)

After identification of the pancreatic lesion by con
ventional B-mode US or EUS, contrast enhanced
imaging was immediately performed. All examinations
were interpreted according to the 2011 EFSUMB
[1]
guidelines . CEUS features of pancreatic lesions
were compared to the surrounding normal pancreatic
parenchyma.

Final diagnoses, treatment and clinical follow up

Most patients (n = 249, 86.7%) were diagnosed as
SPNs by post-operative histopathology. 31 (10.8%)
cases were confirmed by EUS FNA and 7 (2.5%) by
transabdominal (percutanous) ultrasound-guided core
needle biopsy (18-gauge 20-cm single-use biopsy
needles; Temno, Germany, or BioPince, Pflugbeil,
Germany). Clinical follow-up for a minimum of 12 mo
was established for all patients with SPN diagnosed by
biopsy. Additional information on outcome data was
not requested.

Statistical analysis

Statistical analyses were performed using SPSS
Statistics 17.0 (SPSS Inc., Chicago, IL, United States).
2
The χ test and Fisher’s exact test were used to
compare categorical parameters between the groups.
Continuous parameters were presented as the mean
± SD, and Student’s t test was used. A P value of less
than 0.05 was considered statistically significant.

MATERIALS AND METHODS
Patients

RESULTS

An international multicenter retrospective data collection
of 287 histologically confirmed cases of SPNs was
performed. The cohort was not uniform according to the
resection criteria. No other exclusion criteria have been
defined.

Epidemiology

The average age of included patients was 57.3 ± 14.2
years (18-85 years). Fifty-eight patients were male
and 229 were female (Table 1).

Conventional ultrasound

Examination technique

On conventional B mode ultrasound (BMUS) most SPN
lesions (n = 113, 39.3%) were detected in the head/
neck of the pancreas. Most SPN lesions (97.9%) were

Conventional ultrasound and contrast enhanced
ultrasound (CEUS) were performed in all patients with
one of six ultrasound systems: Philips iU22 unit (Philips
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Table 1 Baseline characteristics of serous pancreatic neoplasia
patients
Characteristic

Table 3 Contrast enhanced ultrasound imaging features of
serous pancreatic neoplasia lesions n (%)

SPN patients (n = 287)

Age (yr)
mean ± SD
Range
Female/Male
Symptoms
Pancreatitis
Weight loss
Anemia
Incidental finding
Histological results
Surgery
EUS FNA (22G)
TUS-Bx (18 G)

Characteristic

SPN lesions (n = 173)

Arterial phase
Hyperenhancement
Isoenhancement
Hypoenhancement
Late phase
Hyperenhancement
Isoenhancement
Hypoenhancement

57.3 ± 14.2
18-85
229/58
5
9
1
272

63 (36.5)
107 (61.8)
3 (1.7)
39 (22.5)
129 (74.6)
5 (2.9)

CEUS: Contrast enhanced ultrasound; SPN: Serous pancreatic neoplasia.

249
31
7

(61.8%) in the arterial phase. During the late phase,
most SPN lesions were hyper-enchancing (22.5%) or
iso-enhancing (74.9%) (Table 3).

SPN: Serous pancreatic neoplasia; EUS: Endoscopic ultrasound; FNA: Fine
needle aspiration; TUS-Bx: Transabdominal biopsy.

EUS and contrast enhanced EUS

EUS was performed in 61 patients diagnosed with
SPN. Using CDI, macrovessels were detected in all 61
cases. Contrast enhanced endoscopic ultrasound (CEEUS) was performed in 54 SPN lesions, demonstrating
hyper-enhancement in all cases (Table 4).

Table 2 Conventional B mode ultrasound findings of serous
pancreatic neoplasia n (%)
Characteristic

SPN lesions (n = 287)

Location
Head/neck
Body
Tail
Size of lesions (mm)
mean ± SD
Range
Number of lesions
Single
Multiple
B mode aspect
Microcystic mix
Macrocystic
Solid and cystic
Solid
B mode echogenicity
Anechoic
Hypoechoic
Hyperechoic
CDI vessel detectable
Avascular
Macrovessels detectable
CDI vascular pattern (n = 59 with macrovessels)
Central artery
Typical spoke wheel appearance
No specifics

113 (39.3)
89 (31.0)
85 (29.6)

DISCUSSION

single, though 6 (2.1%) patients had multiple lesions,
and most lesions (97.9%) were hypoechoic on BMUS.
With colour Doppler imaging (CDI), macrovessels were
detected in 20.6% of lesions, among which the typical
“spoke wheel” appearance was identified in 35.6% of
lesions (Table 2).

SPNs are less frequent than common pancreatic
tumors such as solid ductal adenocarcinoma and cystic
IPMN but recent estimates suggest SCAs represent
[33,34]
about 20% of all cystic pancreatic lesions
. SPN
typically present as a solitary multilocular micro
cystic lesion with a honeycomb architecture due
to the presence of multiple microcysts. Thin walls
and multiple thin septa orient toward the centre/
scar of the lesion, without communication with the
main pancreatic duct. In typical cases an imaging
diagnosis can be made confidently. However, atypical
presentations are commonly encountered in everyday
clinical practice. Specifically, extremely microcystic
SPNs are considered rare, resembling a solid lesion
in conventional US, but in fact a solid component
was seen in the 55.7% of cases in our multicentre
study. After contrast administration, these solid
SPNs may resemble hypervascular solid lesions
with homogeneous hyperenhancement, making
differentiation from neuroendocrine neoplasms as
[35,36]
difficult as it is crucial
. MRI may reveal a lesion’s
[37]
true cystic nature . The macrocystic variant must be
differentiated from other macrocystic pancreatic lesions,
such as pseudocyst, mucinous cystic neoplasms, sidebranch and mixed type IPMNs, solid tumors (either
adenocarcinomas or neuroendocrine) with cystic
[38-40]
degeneration, and lymphangiomas
.

CEUS

Epidemiology

38.7 ± 26.2
4-160
281 (97.9)
6 (2.1)
31 (10.8)
96 (33.4)
133 (46.3)
27 (9.4)
10 (3.4)
271 (94.4)
6 (2.2)
228 (79.4)
59 (20.6)
26 (44.1)
21 (35.6)
12 (20.3)

SPN: Serous pancreatic neoplasia; CDI: Color Doppler imaging.

The mostly asymptomatic SPN is often a solitary lesion
with multilocular cysts predominantly in the corpus
and tail of the pancreas. SPNs are usually diagnosed

Transabdominal CEUS was performed in 173 (60.3%)
lesions. After contrast agent injection, most SPN
lesions displayed hyper- (36.5%) or isoenhancement
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A

Table 4 Endoscopic ultrasound and contrast enhanced
endoscopic ultrasound imaging features of serous pancreatic
neoplasia lesions n (%)
SPN lesions (n = 61)

Characteristic
EUS
Anechoic
Hypoechoic
Isoechoic
EUS-CDI vessel detectable
Avascular
Macrovessels detectable
EUS-CDI vascular pattern (n = 61)
Central artery
Typical spoke wheel appearance
No specifics
CE-EUS (n = 54)
Hyperenhancement
Isoenhancement
Hypoenhancement
Final EUS-Diagnosis
“Eyecatcher”
Typical SCA
Unclear macrocyst

2 (3.3)
56 (91.8)
3 (4.9)
0
61 (100)

B

26 (42.6)
15 (24.6)
20 (32.8)
54 (100)
0
0
49 (80.3)
5 (8.2)
6 (9.8)

EUS: Endoscopic ultrasound; EUS-CDI: Endoscopic ultrasound color
Doppler Imaging; CE-EUS: Contrast enhanced endoscopic ultrasound;
SPN: Serous pancreatic neoplasia; SCA: Serous cystadenoma.

th

Figure 1 Macro- and micro-pathology (histology, cytology) of microcystic
pancreatic adenoma. A: Typical microcystic appearance of serous
cystadenoma with “honeycomb” architecture, and central scar with small
calcification; B: Histology demonstrates the typical single layer of clear cuboidal
epithelial cells lining the cysts.

th

in females in the 5 to 7 decade (female to male
ratio 2-3:1) but with improved imaging methods the
[3]
neoplasia may be diagnosed much earlier . Multiple
lesions, including involvement of the entire organ,
have been observed in patients with Von Hippel-Lindau
[6,7,10,23]
disease
. SPNs may present up to 20% of cystic
[3,33,41]
pancreatic lesions
.

Size of single cysts

According to the size of the cysts, SPNs can be classified
as real solid lesions (< 5%), pseudo-solid SPNs (cysts
only detectable by microscopic evaluation), microcystic
(< 10 mm), oligocystic (< 20 mm), and macrocystic
[4,6,7,42,43]
appearance (30%)
. The cystic appearance can
be described by thin multiple septa oriented toward
the center of the lesion. Mixed forms (microcystic and
macrocystic) are typical in large SPNs. Macrocystic giant
SPNs are more commonly located in the pancreatic
head, and a male preponderance was observed. The
macrocystic variant may be indistinguishable from other
[44]
macrocystic tumors of the pancreas .

Clinical symptoms

Sporadic and benign SPNs are most often an incidental
finding without symptoms; jaundice is particularly
uncommon. In our series only 5.2% of SPNs presented
with symptoms. During the course of the disease,
symptoms may be caused by growth of the lesion.
The main pancreatic duct and or common bile duct
may become entrapped in the lesion, especially if
large in dimension. The reported growth rate has been
[39]
estimated at 4 mm per year .

Malignant transformation

Pathology

SPN is typically a benign neoplasia but in a series of 257
resected SPNs, local expansion (5.1%) and malignant
transformation with metastases (0.8%) have been
[5]
described . Therefore, follow-up is recommended
by means of ultrasound or MRI. Surgical treatment is
recommended only for symptomatic patients or patients
[16]
with growing lesions, usually larger than 4 cm .

The solitary well demarcated and multicystic SPN is
a multilobular cyst forming epithelial neoplasia with
a somewhat “honeycomb” architecture (Figure 1)
without communication with the pancreatic duct.
Histologically, monostratified cuboidal, glycogen rich
epithelial cells typically without mitoses are observed.
Centrally located fibrous tissue (a so called “scar”) with
or without calcifications can be found, similar to focal
nodular hyperplasia of the liver; therefore the lesion
[4]
has been referred to as “FNH of the pancreas” . SPNs
are typically hypervascular lesions, where septa are
characterized by abundant subepithelial micro- and
[6,7]
macro-vessels .

WJG|www.wjgnet.com

Imaging

Ultrasound: Sonographically, SPN is a typically lobular
cyst forming isoechoic neoplasia with centrally oriented
thin walls (thin septae) without communication with
the main pancreatic duct. A central hypoechoic spot
[3,45-47]
(central fibrovascular scar) is characteristic
. In
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Figure 2 Typical microcystic serous pancreatic neoplasia using colour
Doppler imaging. Note the centrally located artery.

Figure 4 Typical oligocystic serous pancreatic neoplasia using endoscopic
ultrasound.

the case of depictable cysts the content is anechoic.
SPNs are typically hypervascular lesions since the
septa are composed by abundant subepithelial micro[6,7]
and macro-vessels
(Figures 2 and 3).
As has been shown in a prospective study (n =
12) using CE-EUS, hypervascularity, sharp delineation,
fibrotic strands and typical vessel architecture are
the predominant features of serous microcystic
[47]
adenoma (Figures 4 and 5).
Solid SPNs may mimic neuroendocrine tumours,
renal metastases, intrapancreatic accessory spleens
[35,36,45,48]
and other hypervascular pancreatic tumours
.
Solid and pseudosolid SPNs are typically hypervascular
[45,48,49,50]
and, therefore, hyperenhancing using CEUS
.

A

B

EUS: EUS is an accurate imaging modality to diagnose
[1,51-53]
and exclude neoplasia of the pancreas
. The
features are the same as described for conventional
[54]
ultrasound . SPN do not communicate with the
main pancreatic duct but may show proximal duct
dilatation due to compression, whereas IPMN usually
[50,55]
showed distal or whole pancreatic duct dilatation
.
CE-EUS has been proven to be of value for many
[29-32,56-60]
indications
. In our study EUS was able to
detect macrovessels and hypervascularity by CDI
contrast-enhanced imaging in 100% of cases, whereas
percutaneous US with CDI delineated macrovessels
only in 20.6% of cases.

C

Endoscopic ultrasound fine needle aspiration:
Endoscopic ultrasound fine needle aspiration (EUSFNA) of SPN should target the largest cyst for fluid
[61,62]
analysis
. The cyst fluid is watery (non-viscous)
[63]
and colorless . The cellularity is low with few cuboidal
glycogen positive and mucin negative epithelial cells.
CEA levels are usually but not always low (< 20
ng/mL). In the majority of cases, aspirated fluid will
be hypocellular with few groups of bland cuboidal
[64-67]
epithelial cells embedded in granular debris
. Round
to cuboid serous epithelial cells with clear cytoplasma
and small, round nuclei forming loose clusters or
monolayered sheets are identified in only 20%-25% of
[64,66,68]
cases
. Positive α-inhibin immunocytochemistry

D

Figure 3 Typical microcystic serous pancreatic neoplasia using B-mode
(A), colour Doppler imaging (B), and contrast enhanced ultrasound (C and
D). Note the centrally located artery and the typical hyperenhancement.
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A

B

C

D

E

F

Figure 5 Histopathologically proven serous microcystic serous pancreatic neoplasia. A: A solid-cystic lesion was detected in the head of pancreas with
B-mode ultrasound; B: Multiple interlesional color flow signals were detected using colour Doppler imaging; C: Contrast enhanced ultrasound showed the lesion to
hyperenhance in the arterial phase; D: Isoenhance in the late phase; E and F: Surgical pathology shows the typical honeycomb structure.

may enhance the diagnostic accuracy of EUS-FNA
[66]
in SPN . Promising cyst fluid markers with high
sensitivity and specificity for SPN include VEGF-A and a
molecular assay for KRAS, GNAS and VHL mutations.
In one study, VEGF-A was markedly elevated in SPN
when compared to pseudocysts and mucinous neo
[69,70]
plastic cysts
. The presence of KRAS and GNAS
mutations is highly specific for IPMN and is never
observed in SPN, whereas VHL deletions are found in
[69,71-74]
almost all SPN
.

MRI sequences. The cystic nature of the lesion can be
easly demonstrated by a typical hyperintense signal
on T2-weighted images. The hyperintense cysts are
surrounded by hypointense septa and sometimes
by a hypointense (pathognomonic) central scar. The
central scar is a less sensitive (15%) but specific sign
[39,45,76-79]
of SPN
.
In contrast to EUS, the individual vessels cannot be
displayed but contrast enhanced MRI using gadolinium
chelates also reveal the hypervascular nature by diffuse
hyperenhancement in pseudosolid SPN However also
in pseudosolid SPN, MRI remains highly accurate in
showing the cystic nature of the lesion on T2-weighted
[50]
images . The macrocystic types present features
similar to other macrocystic tumors of the pancreas,
but the lobulated contours, together with the absence
of wall enhancement and wall thickness less than 2
[39,46,76,79]
mm, should suggest the correct diagnosis
.

Core biopsy: In solid and pseudosolid lesion we
prefer histological evaluation which allows definite
[51,52,75]
diagnosis
.
MRI: The MRI features of SPNs are also represented
by a typical lobular “honeycomb” shaped contour
and architecture with thin walls less than 2 mm, in
contrast to other cystic neoplasia of the pancreas.
SPNs are homogeneously hypointense on T1-weighted

WJG|www.wjgnet.com

CT: CT is sometimes helpful for detection of SPN but
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A

A

B
B

C

C

Figure 6 Pseudo-solid serous pancreatic neoplasia, histologically
demonstrated to have a microcystic structure. A: B-mode ultrasound
shows a solid hypoecoic mass in the neck of the pancreas; B: Contrast
enhanced ultrasound shows the lesion to hyperenhance with a hypoechoic
defect in the center; C: Computed tomography shows the lesion as solid and
inhomogeneously hyperenhancing.

D

should in general not be used for the evaluation and
differential diagnosis of cystic pancreatic lesions. CT
might be helpful in the visualization of a centrally
located calcified scar. SPN may mimic a hypervascular
[17,39,46]
lesion
.

Differential diagnosis

The presence of a unilocular lobulated cyst located
in the pancreatic head with anechoic fluid and wall
thickness less than 2 mm are indicative of SPN using
all imaging methods and should be considered as a
unilocular macrocystic SCA, until otherwise proven
[80]
(Figures 6-8) .

Figure 7 Large pseudosolid serous pancreatic neoplasia. A: With B-mode
ultrasound a huge mass is visible appearing solid and inhomogeneously
hypoechoic; B: Doppler shows large arterial vessels within the mass; C: With
Computed tomography the lesion appears pseudosolid with inhomogeneous
slight enhancement; D: Magnetic resonance imaging clearly shows the cystic
nature of the mass with microcystic appearance.

Pancreatitis: A clinical history of pancreatitis is crucial
for differentiating pseudocysts. Imaging findings of
pancreatitis derived pseudocysts include signs of
inflammation in the acute setting, calcifications, thinwalled duct dilation, pancreaticolithiasis, and atrophy
[39,51,81,82]
and typical dilation of the pancreatic duct
.

WJG|www.wjgnet.com

Solid SPNs are often misdiagnosed as chronic (focal)
pancreatitis, which is important to know.
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Research frontiers

A

The aim of this retrospective study was to describe typical and atypical imaging
features of serous neoplasms of the pancreas using US, EUS, computed
tomography and MRI.

Innovations and breakthroughs

This multicenter international collaboration reports on imaging features in one
of the largest series of 287 histologically confirmed cases of SPNs.

Applications

Ultrasound B-mode descriptors and contrast enhanced ultrasound describing
the vascular pattern and enhancement features are helpful to differentiate SPN
from other neoplastic cystic lesions.

B

Peer-review

Very interesting study about the serous pancreatic neoplasia.
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Abstract
AIM
To retrospectively evaluate the factors that influence
long-term outcomes of duodenal papilla carcinoma
(DPC) after standard pancreaticoduodenectomy (SPD).

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrolment.

METHODS
This is a single-centre, retrospective study including
112 DPC patients who had a SPD between 2006 and
2015. Associations between serum levels of CA19-9 and
CEA and various clinical characteristics of 112 patients
2
with DPC were evaluated by the χ test and Fisher’s
exact test. The patients were followed-up every 3 mo in
the first two years and at least every 6 mo afterwards,
with a median follow-up of 60 mo (ranging from 4 mo
to 168 mo). Survival analysis was conducted using the
Kaplan-Meier survival and Cox proportional hazards
model analysis. The difference in survival curves was
evaluated with a log-rank test.
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RESULTS
In 112 patients undergoing SPD, serum levels of
CA19-9 was associated with serum levels of CEA and
drainage mode (the P values were 0.000 and 0.033,
respectively); While serum levels of CEA was associated
with serum levels of CA19-9 and differentiation of
the tumour (the P values were 0.000 and 0.033,
respectively). The serum levels of CA19-9 and CEA
were closely correlated (χ ² = 13.277, r = 0.344, P
= 0.000). The overall 5-year survival was 50.00%
for 112 patients undergoing SPD. The Kaplan-Meier
survival analysis showed that increased serum levels of
CA19-9, CEA, and total bilirubin were correlated with a
poor prognosis, as well as a senior grade of infiltration
depth, lymph node metastases, and TNM stage(the
P values were 0.033, 0.018, 0.015, 0.000, 0.000 and
0.000, respectively). Only the senior grade of infiltration
depth and TNM stage retained their significance when
adjustments were made for other known prognostic
factors in Cox multivariate analysis (RR = 2.211, P =
0.022 and RR = 2.109, P = 0.047).

INTRODUCTION
The incidence rate of primary duodenal papilla
carcinoma (DPC) is low, only accounting for 0.01% of
malignant tumours and accounting for 5% of gastro
[1]
intestinal malignant tumours . It has been reported in
the literature that among malignant tumours primarily
occurring in the duodenum, 60% are diagnosed as
[2]
DPC , and the incidence rate of DPC in periampullary
carcinoma is the highest. A series of studies have
demonstrated that there is a higher excision rate and
better prognosis of DPC than other malignant tumours
around the duodenal ampulla, and the survival rate
within 5 years after the operation is in the range of
[3]
50%-60% .
For DPC, Standard pancreaticoduodenectomy (SPD)
[4-6]
is still the most important treatment mode . Based
on a large number of studies, there are still many
disputes concerning the prognosis assessment for
primary DPC after SPD, and there is lack of long-term
follow-up and observation of a large sample.
Therefore, the main objective of this study was to
review and report our own single-centre data of 112
patients with DPC at the PLA General Hospital between
2006 and 2015 to evaluate factors influencing outcome
after radical SPD surgery.

CONCLUSION
For patients with DPC, the serum levels of CA19-9 and
CEA were closely correlated, and play an important role
in poor survival. Increased serum levels of total bilirubin
and lymph node metastases were also correlated with
a poor prognosis. The senior grade of infiltration depth
and TNM stage can serve as independent prognosis
indexes in the evaluation of patients with DPC after
SPD.

MATERIALS AND METHODS
General data

A total of 112 patients with DPC who received SPD
in the PLA General Hospital from August 2006 to
November 2015 were enrolled. In this study, all patients
were confirmed as DPC according to postoperative
pathological examinations. There were 74 males and 38
females, with a median age of 57.95 years. The disease
course was 0.13-15 years.
This study only enrolled patients who received
SPD due to DPC. The following patients were not
enrolled: patients who had received radiotherapy and
chemotherapy before the operation; patients who
received endoscopic local excision of benign tumours
of the duodenum; patients who could not tolerate
SPD because of body conditions; and patients with
complicated malignant tumours at other sites.
All patients and/or a family member signed a
written informed consent form, in which the nature
of the diseases, possible therapeutic methods and
postoperative potential complications were detailed.
This study was approved by the ethics committee
of the PLA General Hospital and was performed in
accordance with the ethical standards specified in the
1964 Declaration of Helsinki and its later amendments.

Key words: Duodenal papilla carcinoma; CA19-9; CEA;
Survival; Pancreaticoduodenectomy
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: For duodenal papilla carcinoma (DPC),
standard pancreaticoduodenectomy (SPD) is still the
most important treatment. However, the prognosis
assessment for DPC after SPD is not yet clear. So we
conducted a long-term follow-up and observation with
a large sample. Our study demonstrated that the serum
levels of CA19-9 and CEA were closely correlated and
played an important role in poor survival. Increased
serum levels of total bilirubin and lymph node meta
stases were also correlated with a poor prognosis. The
senior grade of infiltration depth and TNM stage can
serve as independent prognosis indexes for patients
with DPC after SPD.
Lian PL, Chang Y, Xu XC, Zhao Z, Wang XQ, Xu KS.
Pancreaticoduodenectomy for duodenal papilla carcinoma: A
single-centre 9-year retrospective study of 112 patients with longterm follow-up. World J Gastroenterol 2017; 23(30): 5579-5588
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Clinical manifestations and concomitant diseases

The most common clinical manifestation was jaundice;
other symptoms included body weight decreases
and epigastric discomfort. In addition, there were
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20 patients with cholangitis symptoms such as
intermittent or acute fever. Common concomitant
diseases included hypertension, heart diseases and
diabetes mellitus. The medical history of other patients
included 5 cases of endoscopic local excision and4
cases of choledocholithotomy.

anastomosis (Braun anastomosis) was added, with the
position 8 cm under the gastro-intestinal anastomotic
stoma. In 54 cases, Braun anastomosis was added.
All operations were performed by chief physicians with
rich experience.

Preoperative evaluation

For all patients, conventional postoperative treatment
of the pancreas was carried out. Before being
transferred back to the patients’ rooms, they were
observed for at least one day in the intensive care
unit. After the operation, 100 µg of octreotide was
subcutaneously injected three times daily in all patients
for 7 continuous days. On the second day after the
operation, routine blood, liver and kidney function tests
were carried out; on the third day after the operation,
an abdominal Colour Doppler Ultrasound examination
was carried out; and 7 d after the operation, an
abdominal CT examination was carried out to observe
the conditions of the abdomen. Before the end of
the operation, a drainage tube was placed in the
pancreaticoenteric anastomosis, cholecysto-colonic
anastomosis and gastrojejunostomy anastomosis, and
the amount, colour and description of the draining
liquid were recorded every day.
After the operation, the pancreaticoenteric drainage
tube was removed when the amylase level was less
than 300 U/L (less than two times the serum amylase
level) inside the drainage tube, the drainage amount
was less than 50 mL each day, or the drainage duration
exceeded 10 d after the operation.
According to the diagnosis criteria defined by
the International Study Group on Pancreatic Fistula
[7]
(ISGPF) , a pancreatic fistula was defined as follows:
3 or more days after the operation, the draining
liquid could be measured, and the activity of amylase
was 3 times higher than that of the serum amylase
activity. Pancreatic fistulas consisted of three grades
(Grades A, B, and C) according to the clinical events
of the patients’ hospitalizations. Grade A pancreatic
fistulas required no change from the normal clinical
approach, did not delay discharge, and usually could
be resolved through the removal of the retained
operation drainage tube. Grade B pancreatic fistulas
required a change of treatment strategy or adjustment
of the clinical approach (for instance, fasting, total
parenteral nutrition support, or the addition of anti
biotics or somatostatin), delayed discharge, or needed
readmission for treatment after discharge. If, according
to the patients’ pathogenetic conditions, invasive
procedures were needed, the grade of the pancreatic
fistula was upgraded to Grade C. Grade C pancreatic
fistulas required a significant change of the treatment
strategy or adjustment of the clinical approach; if
clinical symptoms were aggravated and there were
complications, such as sepsis and organ dysfunction,
exploration through reoperation might be needed.
Grade C pancreatic fistulas were often accompanied
by complications, leading to an increased probability of

Postoperative complications

Routine blood tests were carried out for all patients
before the operation, including blood routine, hepatic
and renal function, biochemical indicators, blood
coagulation series and tumour markers.
There were 87 patients with increased bilirubin more
than 17.1 μmol/L, of whom there were 69 patients with
increased bilirubin more than 34.2 μmol/L. Preoperative
tests of tumour markers mainly included CA19-9 and
CEA. There were 39 patients with CA19-9 higher than
120 U/mL, while there were only 16 patients with CEA
higher than 5 ng/mL.
Preoperative routine ultrasound Band CT exami
nations were carried out. Intrahepatic and extrahepatic
bile duct extension suggested that low-level biliary
obstruction was the most common manifestation on
CT. Preoperative endoscopic retrograde cholangio
pancreatography (ERCP) examinations were carried
out for 92 patients, during which the conditions of
duodenal papilla were directly observed under an
endoscope, and in 64 of them, biopsy and pathological
examinations were performed before the operation,
which confirmed the pathological diagnosis. In 34
patients, a biliary tract prosthesis or a drainage tube
was inserted during ERCP to drain bile as an active
preoperative preparation measure.

Operation procedures

SPD was carried out for all patients. During the
operation, it was found that in 2 cases, there was
remote lymph node metastases, which made radical
SPD impossible; therefore, they were excluded. For all
pancreas stumps, anastomosis of the pancreatic duct
and jejunum was carried out, and the anastomosis
modes were categorized into anastomosis of the
pancreatic duct and jejunal mucous membrane and
invaginated pancreaticoenterostomy according to
the diameter of the pancreatic duct and the size of
pancreas amputation stump, with 90 cases and 22
cases, respectively. Intraoperative exploration found
that in 34 cases, the diameter of the main pancreatic
duct was greater than 4 mm; in 78 cases, it was
smaller than 4 mm. For the intraoperative anastomosis
of the pancreatic duct and jejunum, one end of a
support tube was placed in the main pancreatic duct,
and the other end was placed inside the jejunum or
outside the abdominal wall to drain liquid. According
to the position of the support tube, pancreatic duct
drainage modes were divided into internal drainage
and external drainage, with 85 cases and 27 cases,
respectively. According to the different habits of
operators, the jejunum input side to the output side
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112 patients were evaluated by the χ test and Fisher’s
exact test. Survival analysis was conducted using the
Kaplan-Meier survival and Cox proportional hazards
model analysis. The difference in survival curves was
evaluated with a log-rank test. A value of P < 0.05 was
considered to be statistically significant.

postoperative death.
A biliary fistula was diagnosed if there was persistent
secretion of bilirubin-rich drainage fluid of more than
th
50 mL per day or if secretion continued after the 10
[8]
postoperative day .
Postoperative bleeding was defined as the need for
more than 2 units of red blood cells more than 2.4 h
after surgery or relaparotomy for bleeding.
The nasogastric tube was removed when the
[8]
drainage decreased to less than 200 mL per 24 h .
Delayed gastric emptying was defined as gastric
stasis requiring nasogastric intubation for 10 or more
days or the inability to tolerate a regular diet on the
th
[9]
14 postoperative day .

RESULTS
Complications after the operation

In this study, no patients died during the operation.
Forty-three patients developed one or more com
plications after the operation, with an incidence rate of
38.39% (43/112). The most common postoperative
complications included pancreatic fistula, biliary fistula,
intra-abdominal bleeding, gastric emptying disorders
and peritoneal cavity infection.
Twenty-one patients developed postoperative
pancreatic fistula, according to the diagnosis criteria of
the ISGPF. There were 9 cases of Grade A pancreatic
fistulas, 8 cases of Grade B pancreatic fistulas, and 4
cases of Grade C pancreatic fistulas. We also found that
anastomosis of the pancreatic duct and jejunal mucous
membrane and invaginated pancreaticoenterostomy
had no influence on pancreatic fistulas. However, the
incidence rate of pancreatic fistulas in patients with a
pancreatic duct with a diameter greater than 4 mm
was significantly lower than that in patients with a
pancreatic duct with a diameter smaller than 4 mm.
The incidence rate of postoperative biliary fistula was
1.78% (2/112). Seven patients developed a peritoneal
cavity infection and 5 patients developed gastric
emptying disorders.
After the operation, 2 patients needed reoperation,
with an incidence rate of 1.78% (2/112). Of them,
4 patients received another laparotomy because of
pancreatic fistulas and 2 patients underwent reoperation
only because of intraabdominal bleeding. One patient
experienced intraabdominal massive haemorrhage
because of pancreatic fistulas, and although reoperation
was performed, he still died.

Pathology

All excised specimens were examined in detail by
two independent pathological experts; the contents
observed included the nature of the tumours, size,
infiltration depth, peripheral bile duct, nerves and
pancreatic tissue infiltration, lymph node metastases,
conditions of the tissue incisal margin (including
common bile duct incisal margin, pancreas incisal
margin, portal vein and mesenteric blood vessels incisal
margin, stomach and jejunum incisal margin),tumour
staging, etc. The TNM stage was done according to the
[10]
UICC standard, version 7 .
According to the measurement of postoperative
gross specimens, there were 36 cases with a diameter
greater than 2 cm and 76 cases with a diameter smaller
than 2 cm. In 24 patients, lymph node metastases were
positive after the operation, and in 88 patients lymph
node metastases were negative. The range of lymph
node metastases included pancreas peripheral lymph
nodes (10 cases), duodenum peripheral lymph nodes
(8 cases), common bile duct peripheral lymph nodes (4
cases), and superior mesenteric lymph nodes (2 cases).
According to the infiltration depth of tumours into
the duodenum wall, tumours involved the superficial
muscular layer (14 cases),deep muscular layer or fullthickness (34 cases).While for tumours penetrating the
intestinal wall and infiltrating the peripheral tissues, the
peripheral tissues that were mainly involved included
pancreas (35 cases), the bile duct (24 cases), nerves (5
cases), etc.

Associations between serum levels of CA19-9 and CEA
and various clinical characteristics

We characterized the serum levels of CA19-9 and CEA
from 112 DPC patients. For serum levels of CA19-9,
73 (65.17%) were lower than 120 U/mL, defined
as negative, with 39 (34.82%) positive. For serum
levels of CEA, 96 (85.71%) were lower than 5 ng/mL,
defined as negative, with 16 (14.29%) positive.
As in our clinical correlation studies, serum levels
of CA19-9 and CEA were compared with DPC charac
teristics and risk factors (Table 1). The following analysis
showed that serum levels of CA19-9 was associated
with serum levels of CEA and drainage mode (the P
values were 0.000 and 0.033, respectively); While
serum levels of CEA was associated with serum levels of
CA19-9 and differentiation of the tumour (the P values

Follow up

Telephone and outpatient follow-ups were performed.
The patients were followed-up every 3 mo in the first
two years and at least every 6 mo afterwards, with a
median follow-up of 60 mo (ranging from 4 mo to 168
mo). When necessary, re-examinations by CT and MRI
were carried out.

Statistical analysis

Analysis was carried out with SPSS 16.0 statistical
software. Associations between serum levels of
CA19-9 and CEA and various clinical characteristics of
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Table 1 The serum levels of CA19-9 and CEA and clinical characteristics for 112 patients with duodenal papilla carcinoma
Characteristic
Gender
Male
Female
Age (yr)
< 60
> 60
Duration (yr)
<1
>1
Serum CA19-9 (U/mL)
< 120
> 120
Serum CEA (ng/mL)
<5
>5
Serum total bilirubin (μmol/L)
< 34.2
> 34.2
Bile pre-drainage
No
Yes
Tumour diameter (cm)
<2
>2
Pancreatic duct diameter (mm)
<4
>4
Drainage mode
Inside
Outside
End-to-end invagination
No
Yes
Blood loss (mL)
< 400
> 400
Delayed emptying
No
Yes
Pancreatic fistula
No
Yes
Differentiation
Well
Moderate
Poor
T stage
T1
T2
T3
T4
N stage
N0
N1
TNM stage
ⅠA
ⅠB
ⅡA
ⅡB

No.

P value

Serum CA19-9
Negative

Positive

74
38

46
27

28
11

61
51

41
32

20
19

54
58

35
38

19
20

P value

Serum CEA
Negative

Positive

63
33

11
5

53
43

8
8

47
49

7
9

69
27

4
12

38
58

5
11

67
29

11
5

65
31

11
5

71
25

7
9

73
23

12
4

75
21

15
1

54
42

13
3

91
5

16
0

76
20

15
1

37
28
31

3
10
3

14
31
30
21

0
3
5
8

77
19

11
5

14
25
24
12

0
2
4
2

0.350

0.807

0.621

0.699

0.938

0.699

0.000
73
39
0.000
96
16

69
4

27
12

43
69

32
41

11
28

78
34

51
22

27
12

76
36

49
24

27
12

78
34

53
20

25
14

85
27

60
13

25
14

90
22

56
17

34
5

67
45

43
30

24
15

107
5

71
2

36
3

91
21

59
14

32
7

40
38
34

24
23
26

16
15
8

14
34
35
29

10
22
23
18

4
12
12
11

88
24

61
12

27
12

14
27
28
14

10
18
20
7

4
9
8
7

0.105

0.526

0.945

0.933

0.820

0.934

0.351

0.015

0.033

0.928

0.184

0.145

0.786

0.059

0.227

0.350

0.874

0.166

0.253

0.033

0.946

0.062

0.078

0.301

0.682

0.109

Ⅲ

were 0.000 and 0.033, respectively). The serum levels
of CA19-9 and CEA were closely correlated (χ ² = 13.277,
r = 0.344, P = 0.000). No evidence of a significant
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association was observed between alteration of serum
levels of CA19-9 or CEA and other characteristics or risk
factors.
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Associations between survival and various clinical
characteristics

patients with DPC after SPD.
Tumour markers are mainly used for the detection
of primary tumours and the differentiation of benign
and malignant tumours, and they have good clinical
guidance significance for the judgement of the
efficacy of tumour treatment and their occurrence and
prognosis of tumours. There is still a lack of specific
tumour markers for DPC. In our study, serum levels
of CA19-9 was associated with drainage mode (P =
0.033); While serum levels of CEA was associated with
tumour differentiation (P = 0.033). Besides, the serum
levels of CA19-9 and CEA were closely correlated (r
[20]
= 0.344, P = 0.000). A study by Dorandeu et al
demonstrated that preoperative serum levels of CA199
and CEA were negatively related to the prognosis of
patients with DPC; however, our study has opposing
views. Among the 112 patients with DPC, there were
39 patients with increased serum CA19-9 and 16
patients with increased serum CEA levels. When the
patients with increased levels of serum CA199were
compared with the others, the 5-year survival rates
were significantly lower (38.3% vs 56.2%, P = 0.033).
The same tendency was present in levels of serum
CEA, with the 5-year survival rates of 25.0% vs 54.1%
(P = 0.018). This indicated that the serum levels of
CA19-9 and CEA are worth considering as the basis
of diagnosis and prognosis for patients with DPC after
SPD.
Pancreas-duodenum operations may cause great
trauma, and there are many postoperative com
plications, of which pancreatic fistula is the most
[21,22]
common complication
. In this study, the incidence
rate of pancreatic fistula was 18.75% and was mainly
Grade A and B pancreatic fistulas. However, we also
found that whether there is a pancreatic fistula or not
is not related with the long-term survival of patients
(P = 0.500). In our study, we also investigated the
influence of different factors on pancreatic fistulas, and
our study found that anastomosis of the pancreatic
duct and jejunal mucous membrane and invaginated
pancreaticoenterostomy had no influence on pancreatic
fistulas; different pancreatic duct drainage modes and
whether Braun anastomosis was added also had no
influence on the occurrence of pancreatic fistulas.
When it comes to the relationship between the size
of tumour and the prognosis of patients, the study by
[23]
Di Giorgio et al
demonstrated that among the 64
patients who underwent SPD, the prognosis of patients
with tumours with a diameter greater than 2 cm was
significantly inferior to those with tumours less than 2
cm. However, the results of our study were different;
there was no significant difference in prognoses
between the patients with tumours with a diameter
greater than 2 cm and the others, and a diameter of 2
cm is not a boundary for the difference in prognosis.
We also found that the infiltration depth of tumours
is an independent factor influencing the prognosis
[4]
of patients after SPD. The study by Di Giorgio et al
demonstrated that for patients who underwent SPD

As of August 2015, we followed up all patients after the
operation, with a median follow-up of 60 mo (ranging
from 4 mo to 168 mo).There was a total of 52 patients
with nodiseaseprogression, and of them, 48 patients
lived longer than 5 years. A total of 60 patients died
of this disease, with an median survival of 24.50 mo
(ranging from 4 mo to 80 mo). The overall 5-year
survival was 50.00% for 112 patients undergoing SPD
(Figure 1A).
The Kaplan-Meier survival analysis showed that
increased serum levels of CA19-9, CEA, and total
bilirubin were correlated with a poor prognosis, as well
as a senior grade of infiltration depth, lymph node
metastases, and TNM stage(the P values were 0.033,
0.018, 0.015, 0.000, 0.000 and 0.000, respectively)
(Tables 2 and 3, Figure 1B-F).
Only the senior grade of infiltration depth (T3/4)
and TNM stage (ⅡB/Ⅲ) retained their significance
when adjustments were made for other known
prognostic factors in Cox multivariate analysis (RR =
2.211, P = 0.022 and RR = 2.109, P = 0.047).

DISCUSSION
The incidence rate of DPC is low, only accounting for 5%
[11-13]
of gastrointestinal malignant tumours
. However,
because the special position of duodenal papilla, i.e.,
it is located at the opening of pancreatic duct, early
DPC may manifest as painless progressive jaundice.
SPD has always been the most important treatment
mode of DPC. According to the literature, it had
different 5-year survival rates and factors influencing
[14,15]
survival
. Therefore, in this study, we carried out
long-term follow-up and prognosis analysis of patients
with DPC who received SPD in our centre to provide
a theoretical basis for prognosis improvement of the
patients.
Jaundice is the most common early clinical symptom
in patients with DPC, and whether treatment for
jaundice should be performed before the operation is
always a topic of dispute in surgery. Some scholars
think that preoperative high bilirubin may inhibit
hepatocyte function and induce endotoxin dys
metabolism, thereby increasing the incidence rate
of postoperative complications and influences the
[16,17]
prognosis of patients
. However, some scholars
[18,19]
have opposing views
. In this experiment, a poor
survival was found in patients with increased bilirubin
more than 34.2 μmol/L, with a 5-year survival rate
of 40.6% (P = 0.015). Meanwhile, 34 patients who
had placement of stents or drainage tubes before
the operation, live longer than the other 78 patients
who did not receive treatment for jaundice, with a
5-year survival rate of 55.9% vs 47.4%, although the
difference was not significantly (P = 0.285). Based on
these data, we proposed that increased bilirubin more
than 34.2 μmol/L plays a bad role in the survival of
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Figure 1 Kaplan-Meier plots show the association of survival and significant factors. A: The overall 5-year survival was 50.00%, with a median follow-up of 60
mo (ranging from 4 mo to 168 mo); B: Increased serum levels of CA19-9 was associated with decreased survival (P = 0.033); C: Increased serum levels of CEA was
associated with decreased survival (P = 0.018); D: Increased serum levels of total bilirubin was associated with decreased survival (P = 0.015); E: The senior grade
of infiltration depth was associated with decreased survival (P = 0.000), with significant difference between T1 and T3, T4 (P = 0.022, 0.000), as well as the difference
between T2 and T3, T4 (P = 0.036, 0.000) and the difference between T3 and T4 (P = 0.049); F: The senior grade of lymph node metastases was associated with
decreased survival (P = 0.000); G: TNM stage was associated with decreased survival (P = 0.000), with significant difference between ⅠA and ⅡB, Ⅲ (P = 0.000, 0.000),
as well as the difference between ⅠB and ⅡB, Ⅲ (P = 0.000, 0.000) and the difference between ⅡA and ⅡB, Ⅲ (P = 0.006, 0.000).

because of duodenal ampulla tumours, the prognosis
of patients with Stage T1/2 tumours was significantly
better than that of patients with Stage T3/4 tumours.
Our study also demonstrated that the infiltration depth
of tumours has influence on the prognosis of patients;
even when adjustments were made for other known
prognostic factors in Cox multivariate analysis, the
senior grade of infiltration depth (T3/4) and TNM stage
(ⅡB/Ⅲ) retained their significance (RR = 2.211, P =
0.022 and RR = 2.109, P = 0.047).
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Whether there are lymph node metastases is an
important factor influencing the prognosis of malignant
[24]
tumours. The study by Klein et al
reported that
lymph node metastasis was a key factor influencing
tumour recurrence and the survival of patients with
ampullary carcinoma. Other studies demonstrated
that the number of lymph node metastases was
related to the prognosis of patients with periampullary
[25,26]
carcinoma
. Our experiment led to the same
conclusion; i.e., the 5-year survival rate of patients
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Table 2 Univariate analysis comparing overall survival to prognostic factors in 112 patients with duodenal papilla carcinoma
Factors

No.

Gender
Male
Female
Age (yr)
< 60
> 60
Duration (yr)
<1
>1
Serum CA19-9 (U/mL)
< 120
> 120
Serum CEA (ng/mL)
<5
>5
Serum total bilirubin (μmol/L)
< 34.2
> 34.2
Bile pre-drainage
No
Yes
Tumour diameter (cm)
<2
>2
Pancreatic duct diameter (mm)
<4
>4
Drainage mode
Inside
Outside
End-to-end invagination
No
Yes
Blood loss (mL)
< 400
> 400
Delayed emptying
No
Yes
Pancreatic fistula
No
Yes
Differentiation
Well
Moderate
Poor
Infiltration depth
T1
T2
T3
T4
lymph metastases
N0
N1
TNM stage
ⅠA
ⅠB
ⅡA
ⅡB
Ⅲ

5 years survival

74
38

48.6%
52.4%

61
51

46.3%
48.9%

54
58

41.7%
53.4%

73
39

56.2%
38.3%

96
16

54.1%
25.0%

43
69

65.1%
40.6%

78
34

47.4%
55.9%

76
36

51.3%
47.2%

78
34

51.2%
47.1%

85
27

48.2%
55.3%

90
22

48.9%
54.5%

67
45

49.2%
51.1%

107
5

50.5%
40.0%

91
21

47.1%
57.1%

40
38
34

62.4%
39.5%
47.1%

14
34
35
29

78.6%
67.6%
45.7%
20.7%

88
24

60.2%
12.5%

14
27
28
14
29

78.6%
77.8%
57.1%
14.3%
20.7%

with positive lymph node metastases was significantly
lower than that of patients with negative lymph node
metastases. However, lymph node metastases could
not serve as an independent factor influencing the
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χ²

P value

0.561

0.454

0.022

0.883

0.409

0.523

4.566

0.033

5.554

0.018

5.929

0.015

1.144

0.285

0.185

0.667

0.493

0.483

0.006

0.939

0.592

0.442

0.052

0.820

0.614

0.433

0.455

0.500

3.676

0.159

22.424

0.000

21.187

0.000

35.041

0.000

prognosis of patients after SPD.
In conclusion, for patients with DPC, the serum
levels of CA19-9 and CEA were closely correlated,
and play an important role in poor survival. Increased
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Table 3 Multivariate analysis comparing overall survival to prognostic factors in 112 patients with duodenal papilla carcinoma
Factors
CA19-9 (U/mL)
< 120
> 120
CEA (ng/mL)
<5
>5
Bilirubin (μmol/L)
< 34.2
> 34.2
Differentiation
Well
Moderate
Poor
Infiltration depth
T1 + T2
T3 + T4
lymph metastases
N0
N1
TNM stage
ⅠA + ⅠB + ⅡA
ⅡB + Ⅲ

No.

5 years survival

Median survival (95%CI)(mo)

Relative risk (95%CI)

73
39

56.2%
38.3%

141.0 (3.3-278.6)
45.0 (22.6-67.4)

1
1.550 (0.823-2.920)

96
16

54.1%
25.0%

80.0 (10.4-149.5)
30.0 (18.2-41.8)

1
1.270 (0.605-2.663)

43
69

65.1%
40.6%

45.0 (29.9-60.1)

1
1.408 (0.772-2.566)

40
38
34

62.4%
39.5%
47.1%

141.0
44.0 (3.09-57.1)
52.0 (3.552-100.4)

1
0.808 (0.399-1.635)
1.636 (0.814-3.285)

48
64

70.8%
34.4%

39.0 (26.3-51.7)

1
2.211 (1.119-4.367)

88
24

60.2%
12.5%

141.0
28.0 (6.1-113.9)

1
1.744 (0.830-3.666)

69
43

69.5%
18.6%

28.0 (21.6-34.4)

1
2.109 (1.010-4.406)

0.174

0.528

0.264

0.137

0.047

3
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Abstract

Lv L, Wang FY, Ma XX, Li ZH, Huang SP, Shi ZH, Ji HJ, Bian
LQ, Zhang BH, Chen T, Yin XL, Tang XD. Efficacy and safety
of Xiangsha Liujunzi granules for functional dyspepsia: A multicenter randomized double-blind placebo-controlled clinical study.
World J Gastroenterol 2017; 23(30): 5589-5601 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i30/5589.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i30.5589

AIM
To assess the efficacy and safety of a Chinese herbal
medicine (CHM), Xiangsha Liujunzi granules, in the
treatment of patients with functional dyspepsia (FD).
METHODS
We performed a randomized, double-blind, placebocontrolled trial with patients from three centers. Two
hundred and sixteen subjects diagnosed with FD
according to ROME Ⅲ criteria and confirmed by upper
gastrointestinal endoscopy and spleen-deficiency and
Qi-stagnation syndrome were selected to receive
Xiangsha Liujunzi granules or placebo for 4 wk in a
2:1 ratio by blocked randomization. The subjects also
received follow-up after the 4-wk intervention. Herbal
or placebo granules were dissolved in 300 mL of water.
Participants in both groups were administered 130 mL
(45 ℃) three times a day. Participants were evaluated
prior to and following 4 wk of the intervention in terms
of changes in the postprandial discomfort severity scale
(PDSS) score, clinical global impression (CGI) scale
score, hospital anxiety and depression scale (HADS)
score, traditional Chinese medicine symptoms score
(SS), scores of various domains of the 36-item short
form health survey (SF-36), gastric emptying (GE) and
any observed adverse effects.

INTRODUCTION
Functional dyspepsia (FD), one of the most frequently
encountered disorders of the gastrointestinal tract,
is defined as the presence of symptoms originated
in the epigastrium in the absence of any systemic,
organic, or metabolic disease that is likely to explain
the symptoms and is characterized by symptoms of
meal-induced postprandial fullness or early satiety
[1,2]
and upper abdominal discomfort or pain . Previous
studies have reported that the prevalence of FD
varies considerably among different population-based
studies, with percentages ranging from to 11% to
[3]
29% . FD has symptoms similar to those of other
conditions, including irritable bowel syndrome (IBS),
peptic ulcer disease and gastroesophageal reflux. The
two diagnostic categories of FD are (1) postprandial
distress syndrome (PDS), which is characterized by
the presence of meal-related early satiety and fullness;
and (2) epigastric pain syndrome (EPS), which is
characterized by the prominent symptom of epigastric
pain that is generally not meal-related. However,
evidence of their degree of overlap is mixed. Although
its pathogenesis has not yet been fully clarified,
abnormalities in gastric motor and sensory function
and, more recently, low-grade duodenal inflammation
[4,5]
have been identified . The major pathophysiological
mechanism underlying symptoms of FD is disorders
[6]
of gastrointestinal motility . Motility disorders lead to
impaired gastric accommodation, myoelectric activity
abnormalities and delayed gastric emptying (GE).
Therefore, a prokinetic treatment approach is preferred
in PDS. Recent evidence suggests that the subtypes
of FD correlated with unhealthy dietary behaviors,
especially skipping meals, eating extra meals and a
[7]
preference to gas-producing food and sweet food .
It was recently found that the nutritional habits of FD
patients are also a major factor in the production of
discomfort symptoms. Carbonated drinks and fatty
and spicy foods were the most common triggering food
items in FD patients. Carbonated drinks and legumes
[8]
were more likely to cause a symptom in PDS . As
the exact pathogenesis of FD has not yet been fully
clarified, therapeutic drugs to relieve symptoms have
thus not yet been established.
Symptomatic management of FD depends on
the predominant symptoms and remains a subs
tantial challenge. Treatment can include dietary

RESULTS
Compared with the placebo group, patients in the CHM
group showed significant improvements in the scores
of PDSS, HADS, SS, SF-36 and CGI scale (P < 0.05 or P
< 0.01). They also showed the amelioration in the GE
rates of the proximal stomach and distal stomach (P <
0.05 or P < 0.01).
CONCLUSION
Xiangsha Liujunzi granules offered significant symp
tomatic improvement in patients with FD.
Key words: Functional dyspepsia; Chinese herbal
medicine; Xiangsha Liujunzi; Efficacy; Randomized
controlled trial
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Functional dyspepsia (FD) is a common
clinical functional gastrointestinal disease with a very
high incidence, seriously affecting the quality of life
of patients. However, current chemical drugs do not
achieve good curative effects. In the present study
we performed a randomized, double-blind, placebocontrolled trial to assess the efficacy and safety of a
Chinese herbal medicine, Xiangsha Liujunzi granules,
in the treatment of patients with FD. We found that
Xiangsha Liujunzi granules offered significant symp
tomatic improvement in patients with FD without
adverse effects.
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modifications, antiemetics, antispasmodics, prokinetics,
antidepressants and analgesics, as well as proton
[9-12]
pump inhibitors (PPIs)
. Despite the emergence
[13]
of acotiamide in Japan , which has given hope to
some FD patients, it does not benefit more patients.
Therefore, the limited effectiveness of chemical
drugs and the side effects of synthetic drugs make
assessments of herbal preparations an appealing
[14]
prospect . It is becoming increasingly difficult to
ignore the role of complementary and alternative
medicine in the treatment of FD. Approaches based
on complementary and alternative medicine in the
treatment of FD have a long history, and several
modalities have been investigated with some promising
[15]
results . A considerable amount of literature re
ported that at least 44 different herbal products have
been recommended alone or in combination for the
[16]
treatment of dyspeptic symptoms . Complementary
and alternative medicine consists of traditional Persian
medicine (TPM), traditional Chinese medicine (TCM)
and so on. Jollab, a TPM, appeared to be more effective
[17]
than the placebo in patients with FD . Adjuvant
supplementation of honey-based formulation of
Nigella sativa and the association between ginger
and artichoke leaf extracts can cause significant
[18,19]
symptomatic improvement in patients with FD
.
Since Liujunzi decoction was proved to be effective
against FD by a randomized controlled trial for the
first time, a considerable amount of literature has
been published on the treatment of FD with Chinese
[20,21]
herbal medicine (CHM)
. To date, as the good
efficacy of CHM for the relief of symptoms of FD,
many dyspeptic patients chose CHM. Clinically, CHM
is used in combination with Western medications or
alone in China. The essence of TCM is treatment based
on syndrome differentiation, which is based on the
different conditions of each patient. At present, the
phenomenon of the same drug treatment for the same
disease with the same medicine is applied. Based on
TCM theory, PDS can be categorized as “stuffiness and
fullness”, and the most related organ is the “spleen”.
A previous study has already demonstrated that the
syndrome of “spleen-deficiency and Qi-stagnation” was
[22]
the most common syndrome type in FD patients .
Based on these findings, the herbal preparation
Xiangsha Liujunzi granules, a classical TCM formula,
was designed and utilized in treating FD patients with
“spleen-deficiency and Qi-stagnation” syndrome.
Despite ongoing clinical use, uncertainty remains
regarding clinical efficacy and safety of CHM in the
treatment of FD. The aim of this multicenter, doubleblind, randomized placebo-controlled trial was to
assess whether 4 wk of therapy with CHM was more
efficacious than placebo in the relief of FD dyspeptic
[23]
symptom and in improving quality of life . We hoped
to find strong evidence to support the use of CHM in
PDS patients.

WJG|www.wjgnet.com

MATERIALS AND METHODS
Design

This study is a multicenter, randomized, doubleblinded, placebo-controlled trial with two arms to
examine the safety and efficacy of Xiangsha Liujunzi
granules in the treatment of PDS patients. Participants
were randomized into Xiangsha Liujunzi decoction
or placebo groups in a 2:1 ratio. Since assigning an
equal number of ill subjects to the ineffective placebo
treatment was unethical, the 2:1 randomization plan
was chosen to protect the rights of the subjects. The
protocol was developed according to the Consolidated
[24]
Standards of Reporting Trials statement , Standard
Protocol Items: Recommendations for Interventional
[25]
Trials (SPIRIT) 2013 and SPIRIT 2013 explanation
and elaboration: guidance for protocols of clinical
[26]
trials . The CHM group received Xiangsha Liujunzi
granules, and the placebo group received a placebo.
Then, all participants underwent a 4-wk treatment,
followed by a 4-wk follow-up period. The study protocol
was approved by the ethics committees of Xiyuan
Hospital of China Academy of Chinese medical sciences,
Wuhan Integrated TCM and Western Medicine Hospital,
and Guangdong Province TCM Hospital, and informed
consent was obtained from each participant. The study
design is shown in Figure 1.

Subjects

Subjects were recruited from outpatients of three
hospitals (Xiyuan Hospital of China Academy of Chinese
Medical Sciences, Guangdong Province Traditional
Chinese Medical Hospital, Wuhan Integrated TCM &
Western Medicine Hospital) in China, between July 2013
and July 2016. Participants were recruited through
advertising media, direct calls, and health promotion
events. Advertisements were put on notice boards and
homepages of the hospitals and local newspapers.
Patients were required to provide their medical
history, receive a physical examination and laboratory
safety tests, and undergo a gastroscopy. Only those
who fulfilled the Rome III criteria (Table 1) and TCM
Diagnostic Criteria for Distention and Fullness (Table
2) of the principle for clinical research on new drugs of
[27]
TCM were considered eligible subjects. The inclusion
and exclusion criteria are shown in Table 3. Written
informed consent was obtained from all patients
prior to inclusion in the trial. Participants were free to
withdraw from the study at any time.

Randomization and blinding

The participants in the three hospitals were randomly
assigned to two groups using block randomization.
Random numbers based on the allocation sequence
were generated using SAS (Version 9.2, Channelleadian Pharmaceuticals R&D, Co., Ltd.; Haidian
District, Beijing) by an independent statistician at
the Good Clinical Practice (GCP) center of Xiyuan
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Screening

Treatment

Follow-up

Randomization
Week
-2

-1

0

1

2

3

4

5

6

7

8

9

Vist
Blood draw
Gastroscope
Questionnaires
Vital signs
Safety test
Informed consent

Figure 1 Study design. There was a screening period of 2 wk before randomization. Blood draw, gastroscopy, and physical examination were performed and written
informed consent were obtained from all patients in this period. Study visits were arranged at -2 wk, 0 wk, 2 wk, 4 wk and 8 wk. Some questionnaires were performed
by phone during the treatment period, and this was followed by a 4-wk follow-up period.

Table 1 Rome III diagnostic criteria for functional dyspepsia
Functional dyspepsia

Subtype

The last 3 mo with symptom onset at least 6 mo before
Postprandial distress syndrome
diagnosis, and must include:
1 One or more of:
Must include one or both of the following:
a, Bothersome postprandial fullness
1 Bothersome postprandial fullness, occurring after ordinary sized meals, at least several times
per week
b, Early satiation
2 Early satiation that prevents finishing a regular meal, at least several times per week
c, Epigastric pain
Supportive criteria
d, Epigastric burning
1 Upper abdominal bloating or postprandial nausea or excessive belching can be present
AND
2 EPS may coexist
2 No evidence of structural disease (including at upper
endoscopy) that is likely to explain the symptoms

compulsory for further management of the participant.

Table 2 Traditional Chinese medicine diagnostic criteria for
stuffiness and fullness

Sample size

The trial was powered for superiority testing for the
primary point. According to our preliminary studies,
the effective rate of the Xiangsha Liujunzi decoction
in treating FD was between 67% and 80%, and we
estimated that the average effective rate was 70%,
whereas that of the placebo for FD was approximately
[28]
45% . A one-sided test yielding a 2.5% significance
level was used to prove the hypothesis that Xiangsha
Liujunzi granules is more effective than placebo for
treating PDS. The patients were assigned to either the
CHM group or the placebo group in a 2:1 ratio. The
sample size was based on the superiority design as
follows:
2
[Uα π c (1 - π c)(1 + c)/c + Uβ π 1 (1 - π 1) + π 2 (1 - π 2)/c]
n1 =
2
(π 1 - π 2)
n2 = cn1
n1: placebo; n2: CHM
π c = (π 1 + cπ 2)/(1 + c), uα = 1.645, uβ = 1.985, c = 2,
π 1 = 0.5, π 2 = 0.75

Spleen-deficiency and Qi-stagnation
Primary
symptoms
Secondary
symptoms

Abdominal distension, with obviously postprandial
distress
Anorexia or little appetite
Nausea; acid reflux/heartburn; loose stools; fatigue/
exhausted
Fat tongue with slightly white coating
Weak pulse

The diagnosis will be established when the participant conforms to all
primary symptoms and any two of the secondary symptoms.

Hospital. Each randomization number was placed
in a sequentially numbered opaque envelope that
was sealed by the clinical research coordinator. After
screening, the clinical investigator assigned the
treatment according to the randomization number.
Participants, clinical investigators, statisticians, and
all related study staff were blinded. The blinding
procedure was also verified by the authorized contract
research organization. Group assignments were not
revealed until the entire study was completed except
in emergency situations if practical intervention was
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The calculation indicated that a sample size of 180
would be sufficient (n = 120 in the CHM group, n =
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Table 3 Inclusion and exclusion criteria
Inclusion criteria
1 Age 18-70 yr, Chinese reading and writing ability
2 Meeting the Rome III diagnostic criteria for PDS
3 Having the symptom of “spleen-deficiency and Qi-stagnation”, “spleen-deficiency and damp-obstruction”, “spleen-Yang deficiency”.
4 Signing the informed consent form
Exclusion criteria
1 Combined with GI ulcer, erosive gastritis, atrophic gastritis, severe dysplasia of gastric mucosa or suspicious malignant lesion
2 Having overlap syndrome combined with gastroesophageal reflux disease or irritable bowel syndrome
3 Having alarm symptoms (weight loss, black or tar stool, dysphagia, etc.)
4 Having serious structural disease (disease of heart, lung, liver or kidney) or mental illness
5 History of surgery related with the gastrointestinal tract, except for appendectomy more than six months ago
6 Taking drugs which may affect the gastrointestinal tract, such as nonsteroidal anti-inflammatory drugs and aspirin
7 Allergy to the experimental medication
8 Difficulties in attending the trial (paralysis, serious mental illness, dementia, renal diseases, stroke, coronary atherosclerotic heart diseases, diabetes or
mental diseases, illiteracy, etc.)
9 Pregnant or breastfeeding
10 Refusing to sign the informed consent form

same labeling form except the treatment number.

Table 4 Components of the Xiangsha Liujunzi granules
Scientific name

Part used

Proportion of
ingredients (100%)

Astragalus mongholicus
Codonopsis pilosula
Rhizoma Atractylodis
Macrocephalae
Poria cocos
Fructus Aurantii
Amomum villosum
Ligusticum chuanxiong Hort
Rhizoma corydalis
Medicated Leaven

Root
Root
Rhizome

12
12
12

Glycyrrhiza uralensis Fisch

Sclerotium
Fruit
Fruit
Sclerotium
Rhizoma
Fermentation
products
Root

Ethical approval and registration

This trial was conducted according to the standards
of the International Committee on Harmonization
on GCP and the revised version of the Declaration of
Helsinki. Institutional review boards at Xiyuan Hospital
of China Academy of Chinese Medical Sciences,
Wuhan Integrated TCM & Western Medicine Hospital,
and Guangdong Province TCM Hospital approved
this protocol. This trial was registered in the ChiCTR
(ChiCTR-TRC-13003200, 19 April 2013) and Clinical
Trials.gov (NCT02762136).

12
12
6.4
9.6
9.6
12
2.4

Outcomes

Primary outcome: We assessed FD symptoms using
the change in postprandial discomfort severity scale
(PDSS) from baseline (week 0) to the treatment
endpoint (week 8).

60 in the control group). To allow for a 20% rate of
dropouts and missing data, we recruited 144 patients
for the CHM group and 72 patients for the placebo
group.

PDSS: Based on Rome III criteria and past clinical
[29]
trials , PDSS was designed to evaluate dyspeptic
symptoms, including postprandial fullness, early satiety,
upper abdominal pain or discomfort, and heartburn.
The severity and frequency of each symptom are
separately evaluated by a defined numerical score.
The severity was scored as follows: 0, absent; 1, mild
(awareness of symptoms but easily tolerated); 2,
moderate (interference with normal activities); and
3, severe (incapacitating). The total severity score
ranged from 0 to 12. The frequency scoring used the
following scale: 0, absent (less than once per month);
1, rarely (less than once per week); 2, occasionally (less
than three times per week); and 3, often (more than
or three times per week). The total frequency score
ranged from 0 to 12.

Intervention

Qualified patients received a unique treatment
number, which was fixed throughout the duration of
the trial. The medication allocation was based on the
treatment number. The composition and action of
the herbal preparation of Xiangsha Liujunzi granules
are summarized in Table 4. The placebo granules
were made from dextrin (80%), rice (15%), bitter
principle (5%) and coloring matter to ensure that the
color, smell, taste and texture were similar to those
of Xiangsha Liujunzi granules. Patients were informed
to dissolve a sachet of granules (14 g) in 130 mL of
hot water and to take the solution orally three times
daily 1 h after breakfast, lunch and dinner for 4 wk.
Both the herbal formula and placebo granules were
manufactured by Beijing Tcmages Pharmaceutical Co.,
Ltd. (Shunyi District, Beijing) according to the standards
of good manufacturing practice. All medications were
packed identically in opaque aluminum bags with the
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Secondary outcomes

Changes in the clinical global impression (CGI) scale
score, TCM symptom score (SS), MOS 36-Item Short-
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(possible and probable) of anxiety disorders and
depression among patients in non-psychiatric hos
[32-34]
pitals
. The scale consists of 14 items, 7 related
to anxiety (HADS-A) and 7 related to depression
(HADS-D), each scored between 0 and 3. The authors
of this scale recommended that if an individual had a
score of 8, he/she should be regarded as a possible
case. It was found that this threshold was optimal for
HADS-A and HADS-D in both the general population
and patients with somatic symptoms.
[35]

GE: GE was observed using gastric ultrasound .
Participants were asked to fast overnight before the
ultrasonography. A 1120 mL esculent liquid was used
as the test meal and was prepared by mixing 50 g of
nutrient Cola Cao (enteral nutritional solid beverage,
chocolate; Tianjin Cola Cao Food Co., LTD, Tanjin,
China) and 100 g of milk powder (Nestle whole milk
powder; Shuangcheng Nestle Co., Ltd, Heilongjiang,
China) with 1100 mL of warm water, and the entire
test meal volume was 1120 mL. This esculent liquid
contained 26.5 g of protein, 29.1 g of fat and 75.5
g of carbohydrate (840 kcal). This mixed liquid meal
consisted of 13% proteins, 48% carbohydrates and
39% lipids and was used at a caloric density of 0.75
kcal/mL. The liquid test meal was administered orally
as tolerated at a fixed rate of 50 mL/min, and all
participants were allowed to sit stationary on a chair
for approximately 5 min while drinking this test meal.
The subjects were scanned in a half-sitting position,
sitting on an examining chair and leaning back at
an angle of approximately 120°. Subjects were
instructed not to move and to hold their breath at the
end of expiration to permit diaphragmatic rising and
restoration of the gastric configuration (Figure 2).
The proximal stomach and distal stomach volumes
of each subject were scanned at six time points, which
were fasting, maximum satiety, and 30 min, 60 min,
90 min, and 120 min after beginning ingestion.
GE rate was calculated as follows: (Amax - A)/Amax
× 100 (%), where Amax is the volume of maximum
satiety after the meal in the proximal stomach or distal
stomach, and A is the volume at other time points after
the meal in the proximal stomach or distal stomach.

Figure 2 Gastric ultrasonography.

Form Health Survey (SF-36) score, hospital anxiety
and depression scale (HADS) score, and GE were
considered secondary outcomes.
[30]

CGI scale: The CGI scale comprises two parts: CGIseverity (CGI-S) and CGI-improvement (CGI-I). The
former evaluates the severity of psychopathology from
1 to 7, and the latter assesses the change from the
initiation of treatment on a similar seven-point scale.
In CGI-S, clinical investigators need to answer one
question: “Considering your total clinical experience
with this particular population, how mentally ill is the
patient at this time?”, which is rated on the seven-point
scale: 1 = normal, not at all ill while 7 = the most
extremely ill. Similarly, in CGI-I, clinical investigators
need to answer another question: “Compared to the
patient’s condition at admission to the project, how
is this patient’s condition?” which is also rated on a
seven-point scale: 1 = very much improved since the
initiation of treatment; 4 = no change from baseline; 7
= very much worse since the initiation of treatment.
TCM SS: TCM SS is a scale utilized to evaluate the
participant’s discomfort of PDS based on TCM theory.
SS contains 15 items of TCM terminology, which are
used to assess the presence (yes/no) and severity
of physical discomfort (0 = absent; 1 = mild; 2 =
moderate; 3 = severe).

Safety monitoring

To assess the safety of the 4 wk treatment, routine
tests of blood, urine and stool samples, as well as an
electrocardiogram and blood biochemical tests (ALT,
AST, BUN, Scr) were conducted before randomization
and immediately after the completed treatment.
During the trial, any adverse events were recorded in
detail and documented using case report forms, and
appropriate treatment was provided to the participant
immediately if necessary.

SF-36: SF-36, the most commonly used tool to assess
quality of life that contains 36 items in eight dimensions,
was used to assess the effect of experimental medi
cation. The eight dimensions consist of general health
(GH), physical functioning (PF), role physical (RP), role
emotional (RE), social functioning (SF), bodily pain (BP),
[31]
vitality (VT) and mental health (MH) .

Statistical analysis

HADS: The HADS, first developed by Snaith and
Zigmond in 1983, was usually used to identify cases
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All statistical analyses were conducted in a blind
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Analysis

Follow-up

Allocation

Enrollment

Screened for eligibility
(n = 251)

Randomization
(n = 216)

value of the endpoint to all subsequent scheduled but
missing evaluations. The baseline characteristics were
2
compared using either χ or the Student’s t-tests.
Primary and secondary outcomes are presented as the
mean and SD and were analyzed using independent
t-tests and Wilcoxon signed-rank tests. Adverse events
2
were calculated and compared using χ test.

Met the exclusion criteria
(n = 20)
Did not meet the inclusion
criteria (n = 10)
Refused to participate
(n = 5)

Placebo group

CHM group

Assigned to
intervention (n = 72)

Assigned to
intervention (n = 144)

Completed treatment
(n = 71)

Completed treatment
(n = 142)

Follow-up after 4 wk
of intervention

Follow-up after 4 wk
of intervention

Loss to follow-up
(n = 2)
Adverse events (n = 0)
Patients wished to
withdraw (n = 3)

Loss to follow-up
(n = 2)
Adverse events (n = 0)
Patients wished to
withdraw (n = 7)

Completed study
(n = 67)

Completed study
(n = 135)

RESULTS
Study population

Between July 2013 and July 2016, a total of 216
patients were recruited: 144 were randomized into the
CHM group, and 72 were randomized into the placebo
group. Fourteen patients withdrew from the trial due
to a lack of efficacy (9 patients in the CHM group and
5 patients in the placebo group). No adverse events
were reported. The physiological tests obtained after 4
wk of treatment showed no abnormal values.

Participant flow

The flow of participants in the study is summarized in
Figure 3.

Baseline data

The general characteristics of the patients are shown
in Table 5. No significant differences were identified
between the two groups in parameters such as gender,
age and level of education.

Figure 3 Flow of participants in the study.

Table 5 Subject characteristics (n = 202) n (%)
Characteristic
Gender
Age

Level of education

Placebo group
(n = 67)

CHM group
(n = 135)

86 (63.7)
43.89 ± 13.32
12 (17.9)
18 (26.9)
8 (11.9)
17 (25.4)
12 (17.9)
5 (7.5)
6 (8.9)
15 (22.4)
41 (61.2)

43 (64.2)
44.33 ± 12.41
21 (15.6)
28 (20.7)
31 (22.9)
28 (20.7)
21 (15.6)
9 (6.7)
22 (16.3)
23 (17)
81 (60)

Female
mean ± SD
20-29
30-39
40-49
50-59
60+
Primary school
Junior school
Senior school
Degree or above

Primary outcome

PDSS: At week 2, the symptom score of postprandial
fullness in the CHM group was significantly better than
that in the placebo group (t = 3.561, P = 0.000). After
4 wk of treatment, the scores of postprandial fullness,
early satiety and epigastric pain of PDSS assessed by
patients were significantly better in the CHM group
than in the placebo group (t = 3.976, P = 0.000; t
= 5.302, P = 0.000; t = 2.077, P = 0.039). These
three symptom scores were also significantly better in
the CHM group than in the placebo group during the
follow-up period (t = 3.336, P = 0.001; t = 6.658, P =
0.000; t = 2.244, P = 0.026). The results were clinically
meaningful (Figure 4).

CHM: Chinese herbal medicine.

manner by an independent statistician using SPSS
(Version 19.0; SPSS Inc, Chicago, IL, United States).
Significance was defined as a 2-sided P value of < 0.05.
Demographic, clinical, and outcome variables were
described using mean ± SD for continuous variables
and percentages for categorical variables. First, the
baseline characteristics of both groups were compared,
including gender, age, and level of education. Second,
the efficacy of CHM and placebo was compared,
including the primary outcome and all secondary
outcomes. All analyses in this study were based on
the intention-to-treat principle. Missing values were
recorded by the last-observation-carried-forward
method, and this analysis imputes the last measured
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Secondary outcomes

CGI scale: After 4 wk of treatment, the ratings of the
CGI showed the following significant results for the
CHM group vs placebo group: very much improved
(5.9% vs 3.0%), much improved (36.3% vs 25.4%),
slightly improved (44.4% vs 44.8%), and unchanged
or deteriorated (11.8% vs 22.4%) (Z = -2.244, P =
0.025). The ratings of the CGI between the CHM group
and placebo group during the follow-up period were as
follows: very much improved (5.2% vs 3.0%), much
improved (40.0% vs 22.4%), slightly improved (40.7%
vs 46.3%), and unchanged or deteriorated (13.3%
vs 25.4%) (Z = -2.054, P = 0.04). The results were
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Figure 4 Postprandial discomfort severity scale. A: Postprandial fullness; B: Early satiety; C: Epigastric pain; D: Epigastric burning. aP < 0.05 vs placebo group.
CHM: Chinese herbal medicine.
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Figure 5 Clinical global impression scale. A: Very much worse since the initiation of treatment; B: Worse since the initiation of treatment; C: Slightly worse since
the initiation of treatment; D: No change from baseline; E: Slightly improved since the initiation of treatment; F: Significantly improved since the initiation of treatment; G:
Very much improved since the initiation of treatment. CHM: Chinese herbal medicine.
40

Placebo

two groups regarding the eight dimensions of GH, PF,
RP, RE, SF, BP, VT and MH in the SF-36 at baseline (t =
-1.33, P = 0.185; t = -1.44, P = 0.151; t = 0.787, P =
0.432; t = 1.248, P = 0.214; t = 0.267, P = 0.79; t =
0.631, P = 0.529; t = -1.965, P = 0.051; t = -0.372,
P = 0.71). After 4 wk of treatment, the SF-36 scores
in the CHM group were significantly better than those
in the placebo group (P < 0.05 or P < 0.01). The same
result was also found during the follow-up period (P <
0.05 or P < 0.01) (Figure 7).

CHM

30

b

a

20

10

0

0

4

8

t /wk

HADS: There was no significant difference between
the two groups regarding HADA and HADD (t = 0.016,
P = 0.987; t =-0.400, P = 0.690) at 0 wk. After 4
wk of treatment, the HADA and HADD scores in the
CHM group were significantly better than those in the
placebo group (t = -2.179, P = 0.032; t = -2.429, P
= 0.017). The same result was also found during the
follow-up period (t = -2.76, P = 0.006; t = -3.646, P
= 0.000) (Figure 8).

Figure 6 Traditional Chinese medicine symptom scores. aP < 0.05, bP <
0.01 vs placebo group. TCM: Traditional Chinese medicine; CHM: Chinese herb
medicine.

clinically meaningful (Figure 5).
TCM SS: There was no significant difference between
the two groups regarding SS at baseline (t = -0.173,
P = 0.863). After 4 wk of treatment, SS in the CHM
group was significantly better than that in the placebo
group (t = -2.067, P = 0.04). The same result was
also found during the follow-up period (t = -4.752, P =
0.000) (Figure 6).

GE: The GE rate of the proximal stomach (GERPG) in
the CHM group at various time points was higher than
that of the control group, and the differences were
significant (P < 0.01). Moreover, the gastric emptying
rate of the distal stomach (GERDG) in the CHM group,
compared with the control group, decreased at 30 min

SF-36: There was no significant difference between the
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Figure 7 MOS 36-item short-form health survey. GH: General health; PF: Physical functioning; RP: Role physical; RE: Role emotional; SF: Social functioning; BP:
bodily pain; VT: Vitality; MH: Mental health. aP < 0.05, bP < 0.01 vs placebo group. CHM: Chinese herb medicine.
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Figure 8 Hospital anxiety and depression scale. aP < 0.05, bP < 0.01 vs placebo group. CHM: Chinese herb medicine; HADA: Hospital anxiety and depression
scale-Anxiety; HADD: Hospital anxiety and depression scale-Depression.

after the meal but increased at the other time points,
and the differences were significant (P < 0.05 or P <
0.01) (Table 6).

drugs and mucosal protective agents. Because the
pathophysiology of FD involves several physiological
systems and a variety of treatment classes are
available, health care providers face uncertainty in
selecting therapies for patients with FD. Furthermore,
these chemical drugs are not satisfactory or effective.
Therefore, many patients with FD seek treatment with
[15]
complementary and alternative medicine . TCM,
as an important component of complementary and
alternative medicine, has attracted increasing attention
in the world, especially in the treatment of functional
gastrointestinal diseases.
Based on TCM theory, the “spleen” governs
movement and transformation of food and fluid.
Emotional injury, food or drink, and congenital defects
are main pathogenic factors of a functional disorder
of the “spleen”, which can lead to the stagnation
of Qi and dampness and then result in “stuffiness
and fullness”. As spleen deficiency is the essence
of these three types of syndrome, invigorating the
[40,41]
spleen is the critical principle of treatment
. This
pathogenic factor causes abnormal function of the
upper abdomen, spleen and stomach, resulting in the
presence of abdominal distension, appetite disorder,
loose stools, and lassitude. The TCM pathogenesis of
FD is spleen deficiency and Qi-stagnation. Xiangsha
Liujunzi decoction is a classical formula based on
invigorating the spleen and has been used by TCM

Adverse effects: In the 4 wk treatment and the
follow-up period, all subjects had no adverse effects.

DISCUSSION
FD is a common gastrointestinal disease. The pre
valence of FD is 20%-25% in Western countries and
[36,37]
8%-23% in Asia
. In China, approximately 10%
of general outpatients have dyspepsia, which account
for 50% of digestive internal medicine clinic services.
FD involves various pathophysiological disturbances
and many pathogenic factors, including impaired
accommodation, delayed GE, and hypersensitivity
to gastric distention. Several studies have reported
that visceral hypersensitivity is the mechanism of
postprandial abdominal bloating and distension. The
normal abdominal accommodation is altered by an
[38]
abnormal viscerosomatic response to meal ingestion .
Patients with PDS have the characteristics of fasting
and postprandial hypersensitivity, while patients
with EPS have the characteristics of a reduction
[39]
in gastric compliance . There are multiple drug
options in clinical practice, including PPIs, prokinetic
agents, anti-Helicobacter pylori drugs, antidepressant
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Table 6 Gastric emptying rates of proximal and distal stomach
Time
0 wk
GE rate of proximal stomach
30 min
60 min
90 min
120 min
GE rate of distal stomach
30 min
60 min
90 min
120 min
4 wk
GE rate of proximal stomach
30 min
60 min
90 min
120 min
GE rate of distal stomach
30 min
60 min
90 min
120 min

Placebo (n = 67)

CHM (n = 135)

t

P value

32.85 ± 19.27
49.26 ± 18.67
66.37 ± 14.63
76.54 ± 13.97

30.91 ± 16.67
49.46 ± 17.74
63.72 ± 17.51
75.39 ± 13.91

0.653
-0.066
0.948
0.487

0.515
0.947
0.344
0.627

15.68 ± 35.26
32.49 ± 30.82
49.26 ± 25.93
61.61 ± 21.85

6.81 ± 37.61
26.91 ± 33.36
41.84 ± 33.59
57.52 ± 27.02

1.576
1.124
1.555
1.053

0.117
0.263
0.122
0.294

28.48 ± 13.13
47.21 ± 16.76
59.59 ± 17.71
71.47 ± 16.94

36.31 ± 10.78
56.92 ± 10.27
72.92 ± 16.94
82.31 ± 7.35

-4.195
-4.722
-6.919
-5.888

0.000
0.000
0.000
0.000

7.03 ± 35.40
26.94 ± 31.39
50.06 ± 21.97
61.89 ± 15.26

-24.34 ± 34.02
40.83 ± 16.37
56.90 ± 15.35
67.66 ± 13.41

5.707
-3.871
-2.406
-2.578

0.000
0.000
0.017
0.011

CHM: Chinese herb medicine; GE: Gastric emptying.

doctors for hundreds of years. In the past two
decades, a considerable number of clinical trials have
proved the efficacy and safety of this decoction in the
[20,34,42,43]
treatment of FD
. Currently, no patient-reported
outcome instrument is available for the evaluation of
treatment efficacy in PDS, which makes the evaluation
of treatment effects in FD difficult. To improve the
evaluation criteria of this study, we chose the PDSS,
CGI, SS, SF-36, and HADS. CGI instrument, an estab
lished outcome measure in psychopharmacology
[44]
research, is a reliable measure of fatigue . Symptoms
of fatigue are often part of the clinical presentation of
spleen deficiency. Mental and psychological disorders
are one of the pathogenic factors for FD. Clinically, we
found many FD patients with anxiety and depression
symptoms. One of the “gold standard” to assess
the efficacy of antidepressants and anti-anxiety
medications is the Hamilton rating scale. Another
scale to assess the efficacy of antidepressants and
anti-anxiety medications is the CGI, which has similar
[45]
effect sizes to the HAM rating scale . Therefore, CGI
instrument has been used in clinical practice as well
as research. Zigmond and Snaith devised the HADS,
which has the advantages of simplicity, fastness and
ease of use, to assess anxiety and depression in a
[46]
general medical population 33 years ago . This
scale has recently been used to assess FD patients
with anxiety and depression. The remarkable placebo
response is the most difficulty in clinical trials on FD
patients. In order to ensure that the participants could
not be able to make a distinction between placebo and
active treatment, we tried our best to make the drugs
in the two groups indistinguishable for the participants.
The placebo granules were made from 80% dextrin,
15% rice, 5% bitter principle and coloring matter to

WJG|www.wjgnet.com

ensure that the color, smell, taste and texture were
similar to those of Xiangsha Liujunzi granules. In this
clinical study, we found that Xiangsha Liujunzi granules
can relieve the postprandial fullness, early satiety,
and epigastric pain symptoms in PDS patients, but
the improvement in the epigastric burning sensation
was not superior to that achieved by the placebo. This
result may be because the inhibition of gastric acid
secretion by CHM was not better than that of PPIs. The
SF-36 scale was used to evaluate the improvement
in quality life of patients. Our results showed the
advantage of the CHM compared to placebo, with a
significant improvement of 8 subscale scores of GH,
PF, RP, RE, SF, BP, VT, MH on the SF-36 at 2 wk and 4
wk. These results persisted until the end of the study
(8 wk). The pathophysiology of FD is diverse and its
symptoms are non-specific; the pathogenesis of FD
is also related to mental and psychological factors.
Therefore, some antidepressants have been used to
[47]
treat FD, such as mirtazapine . According to our
results, the HADA and HADD scores were both reduced
in the CHM group compared to the placebo group at
4 wk and 8 wk, and there was a significant difference
between the two groups. The CHM treatment had
significant improvement in gastrointestinal-specific
anxiety and depression. This study also showed that
TCM symptom scores significantly improved from 2 wk
to 4 wk with CHM treatment, and the result persisted
to the follow-up time (8 wk). This finding shows
that TCM treatment can reduce the recurrence of FD
symptoms. Finally, after 4 wk of CHM treatment, the
number of participants with very much improved and
much improved scores on the CGI scale, compared to
placebo, was significantly higher at 4 wk.
FD is one of the most common gastrointestinal
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but its value in assessing the promoting effect of Chinese herbal medicines
(CHMs) on gastric motility has not yet been studied.

diseases, accounting for up to 5% of outpatients in
[48]
gastroenterology department . GE of patients with FD
[49]
is usually delayed in 30%-50% , including both liquid
[50]
[48]
emptying
and solid emptying . Food ingestion can
directly aggravate dyspeptic symptoms of patients
with FD. Data from questionnaires revealed that 75%
of patients with FD had experience of aggravation
of dyspeptic symptoms after ingestion of a meal.
Previous studies had reported that 90% of patients
with FD had aggravation of dyspeptic symptoms
after ingestion of a standardized 250-kcal meal, and
maximum symptom severity occurred between 45
[51]
and 90 min after meal . In this study, we calculated
the GERPG and GERDG at 4 time points and found
that the GERDG of the CHM group at 30 min after a
meal was negative. As we know, the proximal stomach
functions as a reservoir, and the liquid food flows into
the distal stomach and enlarges the volume of the
distal stomach over time. This factor caused an illusion
that the GERDG of the CHM group was decreased.
Compared with those of the placebo group, the
GERPG and GERDG of the CHM group were increased
at 60 min, 90 min, and 120 min after the meal. The
results of this study suggest that the curative effect
of Xiangsha Liujunzi decoction can promote GE of
patients with PDS. Furthermore, throughout the course
of the experiment, participants were not found to have
any adverse events.

Innovations and breakthroughs

Although in the past two decades, a considerable number of clinical trials have
proved the efficacy and safety of this decoction in the treatment of FD, there
are still some disadvantages in assessing its efficacy. The authors use gastric
ultrasound to observe proximal and distal GE rates. The advantages of the
technique include being non-invasive, accurate, and reliable.

Applications

The authors provide strong evidence to support the use of CHM in PDS
patients. This treatment will provide a new option for clinicians in treating PDS
in the future.

Terminology

TCM, an independent medical system well known in China, has four ways of
diagnosis that are look, listen, question and feel the pulse. It takes Yin-Yang
and five elements as the theoretical basis, which holds that the human body is
regarded as the unity of Qi, form and spirit. The basic principle of understanding
and treating diseases for TCM is syndrome differentiation. CHMs are natural
medicines that consist of plant medicine (root, stem, leaf and fruit), animal
medicine (viscera, skin, bone, organ, etc.) and mineral medicine. The use of
CHMs is conducted under the guidance of the theory of TCM.

Peer-review

This paper describes a new method for treating PDS. The authors designed
a multicenter, randomized, double-blinded, placebo-controlled trial with two
arms to examine the safety and efficacy of Xiangsha Liujunzi granules in the
treatment of PDS patients. They assessed PDS symptoms using the change
in PDSS, clinical global impression scale, TCM symptom scores, MOS 36-Item
Short-Form Health Survey, and hospital anxiety and depression scale. Further,
they assessed proximal and distal GE rates by gastric ultrasound, which is
non-invasive, accurate, and reliable. This clinical trial study provides strong
evidence to support the use of CHM in PDS patients. This treatment will provide
a new option for clinicians in treating PDS in the future.

Conclusion

We have demonstrated the clinical efficacy of the
Xiangsha Liujunzi granules to improve the symptomatic
symptoms of patients with FD. In this randomized,
double-blinded, placebo-controlled trial, Xiangsha
Liujunzi granules was shown to be effective in the
management of FD, especially in patients with post
prandial fullness and bloating, early satiety, and
epigastric pain. This treatment will provide a new option
for clinicians in treating PDS. However, the mechanism
of action for CHM to reduce gastrointestinal symptoms
is still unknown, and further studies are needed to
determine the precise mechanisms of action.
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Abstract

Institutional review board statement: This study was
approved by Shanghai Yangpu District East Hospital Institutional
Review Board.

AIM
To assess the value of combined acoustic radiation
force impulse (ARFI) imaging, serological indexes and
contrast-enhanced ultrasound (CEUS) in distinguishing
between benign and malignant liver lesions.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS
Patients with liver lesions treated at our hospital were

Conflict-of-interest statement: No potential conflicts of interest
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included in this study. The lesions were divided into
either a malignant tumor group or a benign tumor
group according to pathological or radiological findings.
ARFI quantitative detection, serological testing and
CEUS quantitative detection were performed and
compared. A comparative analysis of the measured
indexes was performed between these groups. Receiver
operating characteristic (ROC) curves were constructed
to compare the diagnostic accuracy of ARFI imaging,
serological indexes and CEUS, alone or in different
combinations, in identifying benign and malignant liver
lesions.

lesions.

RESULTS
A total of 112 liver lesions in 43 patients were included,
of which 78 were malignant and 34 were benign. Shear
wave velocity (SWV) value, serum alpha-fetoprotein
(AFP) content and enhancement rate were significantly
higher in the malignant tumor group than in the benign
tumor group (2.39 ± 1.20 m/s vs 1.50 ± 0.49 m/s,
18.02 ± 5.01 ng/mL vs 15.96 ± 4.33 ng/mL, 2.14 ± 0.21
dB/s vs 2.01 ± 0.31 dB/s; P < 0.05). The ROC curve
analysis revealed that the areas under the curves (AUCs)
of SWV value alone, AFP content alone, enhancement
rate alone, SWV value + AFP content, SWV value +
enhancement rate, AFP content + enhancement rate
and SWV value + AFP content + enhancement rate
were 85.1%, 72.1%, 74.5%, 88.3%, 90.4%, 82.0%
and 92.3%, respectively. The AUC of SWV value +
AFP content + enhancement rate was higher than
those of SWV value + AFP content and SWV value +
enhancement rate, and significantly higher than those
of any single parameter or the combination of any two
of parameters.

INTRODUCTION

Sun XL, Yao H, Men Q, Hou KZ, Chen Z, Xu CQ, Liang LW.
Combination of acoustic radiation force impulse imaging,
serological indexes and contrast-enhanced ultrasound for
diagnosis of liver lesions. World J Gastroenterol 2017;
23(30): 5602-5609 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i30/5602.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i30.5602

The gold standard for diagnosis of benign and malignant
liver lesions is pathological examination. However,
due to its invasive nature and the potential presence
of infection, bleeding and other risks, pathological
examination is only conducted in patients highly
suspected of having malignant liver tumors. In addition,
pathological diagnosis has many contraindications and
is applicable in only a narrow range of patients. Thus,
it is difficult to implement pathological diagnosis as a
routine examination. For both benign and malignant
liver lesions, detection of serological indicators and
contrast-enhanced ultrasonography (CEUS) are
routinely performed. Serological indicators alone often
have a lower sensitivity and specificity than CEUS
and acoustic radiation force impulse (ARFI) imaging.
However, for small hepatocellular carcinoma, alpha[1,2]
fetoprotein (AFP) is the most sensitive indicator .
Although CEUS is a mature examination method, its
diagnostic accuracy may be affected by lesion depth,
blood flow velocity and respiratory movement, which
[3-9]
makes it not suitable for some lesions and patients .
ARFI imaging is simple and highly accepted by
patients, and it can quantitatively assess the change
in tissue hardness. However, it is vulnerable to biliary
[10-17]
and intrahepatic vascular effects
. Although these
three kinds of examinations have certain value in
identifying benign and malignant lesions, each has its
limitations. At present, the diagnostic accuracy of the
combination of these three kinds of examinations in
identifying benign and malignant liver lesions remains
unknown, although the combined diagnosis has been
widely used for other diseases. In the present study,
by constructing receiver operating characteristic
(ROC) curves, we compared the diagnostic accuracy
of ARFI imaging, serological indexes and CEUS, alone
or in different combinations, in identifying benign
and malignant liver lesions, with an aim to provide a
reliable tool for the differential diagnosis of benign and
malignant liver lesions.

CONCLUSION
The combination of SWV, AFP and enhancement rate
had better diagnostic performance in distinguishing
between benign and malignant liver lesions than the
use of any single parameter or the combination of
any two of parameters. It is expected that this would
provide a tool for the differential diagnosis of benign
and malignant liver lesions.
Key words: Combined diagnosis; Liver lesions; Benign;
Malignant; Differentiation
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study investigated the diagnostic value
of combined acoustic radiation force impulse (ARFI)
imaging, serological indicators and contrast-enhanced
ultrasound in differentiating between benign and
malignant liver lesions. The results showed that the
diagnostic performance of combined ARFI, alphafetoprotein (AFP) and contrast-enhanced ultrasound
in distinguishing between benign and malignant liver
lesions was higher than the use of any single parameter
or the combination of any two of parameters. It
is expected that this would provide a tool for the
differential diagnosis of benign and malignant liver

WJG|www.wjgnet.com

MATERIALS AND METHODS
Study subjects

A total of 43 patients with 112 liver lesions treated
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B

A

Figure 1 Acoustic radiation force impulse imaging of a liver tumor. A: Acoustic radiation force impulse (ARFI) detection of a malignant liver tumor [shear wave
velocity (SWV) = 3.39 m/s]; B: ARFI detection of a benign liver tumor (SWV = 0.69 m/s).

at our hospital from May 2016 to February 2017
were included in this study. Among these patients,
21 were male and 22 were female. The lesion size
ranged from 8 mm × 7 mm to 123 mm × 100 mm.
The exclusion criteria were: (1) patients in whom shear
wave velocity (SWV) values could not be acquired
during ARFI imaging; (2) patients who could not
tolerate the ultrasound contrast agent or critically ill
patients; (3) patients with completely liquefied cystic
tumors; and (4) patients with contraindications to liver
puncture biopsy. The study was approved by the Ethics
Committee of Shanghai Yangpu District East Hospital,
and informed consent was obtained from all patients.

dissipation rate were calculated.
Serological examination: An automatic biochemical
analyzer was used for the quantitative analysis of the
following serological indicators: AFP, serum fucosidase
(AFU), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), γ-glutamyltranspeptidase
(GGT), and alkaline phosphatase (ALP).

Statistical analysis

SPSS 17.0 statistical software was used for statistical
analyses. Measurement data are presented as mean
± SD. Comparison of data between groups was
performed using two independent samples t-test.
Indicators with statistically significant differences were
used to construct the ROC curves to calculate the area
under the curve (AUC), in order to investigate the
diagnostic accuracy. Diagnostic accuracy was compared
between different combinations to determine the
value of combined diagnosis in identifying benign and
malignant liver lesions.

Instruments and methods

ARFI imaging: A Siemens Acuson S3000 color
Doppler ultrasound system with a 6C-1HD convex
array probe (center frequency, 4.0 MHz) was used.
First, a whole liver scan was performed using
conventional ultrasound to observe the nature of
the lesion. Then, this was switched to ARFI mode to
avoid biliary ducts within the liver, blood vessels and
liquid necrosis. Patients were instructed to completely
hold their breath during the examination. Then,
SWV measurement was initiated while keeping the
probe stationary. This was repeated for 3 to 6 times
at the lesion center, and repeated for 3 to 5 times at
the periphery of the lesion, with average SWV value
calculated.

RESULTS
Pathological results

Pathological or radiological diagnosis confirmed 78 cases
of malignant tumors and 34 cases of benign tumors.
Among these cases, 18 were primary liver cancer, 60
were metastatic cancer, 16 were hemangiomas, 11
were liver cysts, 5 were adenomas, and 2 were focal
nodular hyperplasia.

CEUS: CEUS was performed with the same system
for ARFI imaging in the contrast mode, with the
mechanical index adjusted to the appropriate state.
SonoVue suspension (2.0 mL) was administered by
bolus injection via the elbow vain, followed by rapid
injection of 5 mL of normal saline. The patient was
breathing steadily throughout the procedure. After
imaging, the records were exported. Then, analysis
software was use to plot the time intensity curve of
the lesion and obtain the initial time, peak time, initial
strength, peak intensity and 180-s echo intensity
of the lesion. Subsequently, peak acceleration time,
intensity increment, enhancement rate, and 180-s
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Comparison of SWV values between malignant and
benign tumor groups

SWV values were significantly higher in the malignant
tumor group (2.39 ± 1.20 m/s, a typical image is
shown in Figure 1A) than in the benign tumor group
(1.50 ± 0.49 m/s, a typical image is shown in Figure 1B)
(P < 0.05; Figure 2).

Comparison of serological indicators between malignant
and benign tumor groups

AFP level was significantly higher in the malignant
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Table 1 Comparison of serological indicators between the malignant and benign tumor groups

Malignant tumor group
Benign tumor group
t-value
P value

AFP (ng/mL)

AFU (U/L)

ALT (U/L)

AST (U/L)

GGT (U/L)

ALP (U/L)

18.02 ± 5.01
15.96 ± 4.33
2.081
0.04

29.74 ± 14.22
25.61 ± 13.11
1.446
0.151

39.01 ± 3.60
37.90 ± 4.33
1.705
0.09

46.92 ± 12.11
44.40 ± 11.60
1.409
0.162

62.40 ± 27.30
54.90 ± 22.30
1.409
0.162

139.40 ± 85.90
117.99 ± 57.30
1.328
0.187

AFP: Alpha-fetoprotein; AFU: Serum fucosidase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; GGT:
Glutamyltranspeptidase.

Table 2 Comparison of contrast-enhanced ultrasound parameters in the malignant and benign tumor groups
Start time
Initial
Peak time (s) Peak intensity 120s Echo Peak acceleration
Intensity
Enhancement
(s)
strength (dB)
(dB)
intensity (dB)
time (s)
increment (dB) rate (dB/s)
Malignant tumor 11.98 ± 2.95
group
Benign tumor
13.01 ± 3.92
group
t-value
-1.532
P value
0.128

Extinction
rate (dB/s)

8.35 ± 6.03

30.22 ± 9.65

39.27 ± 6.32

27.33 ± 17.86

17.94 ± 4.64

30.99 ± 6.67

2.24 ± 0.21

0.08 ± 0.07

6.57 ± 5.66

33.33 ± 11.96 37.77 ± 7.30

32.01 ± 11.96

20.10 ± 10.32

31.22 ± 7.12

2.01 ± 0.31

0.06 ± 0.06

-1.396
0.166

-1.533
0.128

-0.164
0.870

2.589
0.011

1.449
0.150

1.463
0.146

-1.456
0.148

1.101
0.273

tumor group than in the benign tumor group (P < 0.05),
while the differences in AFU, ALT, AST, GGT and ALP
levels were not statistically significant (P > 0.05) (Table 1).

+ AFP content, SWV value + enhancement rate, AFP
content + enhancement rate, and SWV value + AFP
content + enhancement rate. Then, the ROC curves
were constructed to calculate the AUCs. The AUCs of
SWV value alone, AFP content alone, enhancement
rate alone, SWV value + AFP content, SWV value +
enhancement rate, AFP content + enhancement rate
and SWV value + AFP content + enhancement rate
were 85.1%, 72.1%, 74.5%, 88.3%, 90.4%, 82.0%
and 92.3%, respectively. Taking the maximum value
of the Youden index, SWV = 1.60 m/s, AFP = 18.68
ng/mL, and enhancement rate = 2.21 dB/s were
determined as the best cut-off values for the diagnosis
of benign and malignant liver lesions (Figures 4 and 5).
When the cut-off value for the regression coefficient
of the SWV value, AFP content and enhancement rate
was 0.8711451, it was found that 23 cases were falsenegative lesions, which included 11 cases of liver
metastases derived from the digestive tract and 12
cases of hepatocellular carcinoma; and there were no
false-positive lesions.

Comparison of CEUS indicators between malignant and
benign tumor groups

DISCUSSION

4.0
3.5
3.0
2.5
2.0
1.5
1.0
Malignant

Benign

Figure 2 Shear wave velocity values of the malignant and benign tumor
groups. The shear wave velocity of malignant tumors was 2.39 ± 1.20 m/s,
while that of benign tumors was 1.50 ± 0.49 m/s.

CEUS enhancement rate was significantly higher in
the malignant tumor group than in the benign tumor
group (a typical image is shown in Figure 3A and B)
(P < 0.05), while the differences in start time, initial
strength, peak time, peak intensity, 180-second echo
intensity, peak acceleration time, strength increment,
and rate of regression were not statistically significant
(P > 0.05) (Table 2).

Pathological examination is the gold standard for
diagnosing liver lesions. However, patient acceptance
is low due to the invasiveness of the examination.
Furthermore, pathological examination cannot be
routinely used for screening of benign and malignant
liver lesions. Serological indicators and CEUS are
commonly used noninvasive examinations in clinical
practice. However, serological indicators alone have a
low sensitivity and specificity, and the CEUS examination
[18-21]
process is complex and requires some skills
.
ARFI imaging is simple and can quantitatively reflect
changes in tissue hardness. Studies have shown that
ARFI can be used to diagnose benign and malignant

Diagnostic accuracy of different combinations of SWV
value, AFP content and enhancement rate

SWV value, AFP content and enhancement rate were
combined in the following different ways: SWV value

WJG|www.wjgnet.com
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A

B

Figure 3 Contrast-enhanced ultrasound TIC curves used to detect benign and malignant liver tumors. A: TIC curve for the detection of malignant liver tumors; B:
TIC curve for the detection of benign liver tumors.
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Figure 5 Comparison of the receiver operating characteristic curves of
the combination of shear wave velocity value, alpha-fetoprotein content
and enhancement rate for identifying benign and malignant liver tumors.
SA = SWV value + AFP content; SZ = SWV value + enhancement rate; AZ
= AFP content + enhancement rate; SAZ = SWV value + AFP content +
enhancement rate.

Figure 4 Comparison of the receiver operating characteristic curves
of shear wave velocity, alpha-fetoprotein and enhancement rate for the
identification of benign and malignant liver tumors.

liver tumors, but it is easily affected by bile ducts and
[22-29]
large blood vessels
. Thus, each of these three
types of detection methods has its own advantages
and disadvantages. Since the combined diagnosis
has been widely used for other diseases at present,
we hypothesized that the combination of these three
kinds of examinations might have better accuracy
in identifying benign and malignant liver lesions.
Therefore, we constructed ROC curves to compare the
diagnostic efficacy of ARFI imaging, serological indexes
and CEUS, alone or in different combinations, in the
present study.

of tissues that show invasive growth. Hence, activity
in the surrounding tissue is limited, because the
hardness of malignant liver tumors is greater than that
of benign liver tumors. Elevated AFP content may be
due to malignant liver cells, in which the AFP gene
is re-expressed and AFP is released to blood. CEUS
enhancement rate represents the rich blood supply of
the tumor, because the number of microvessels per
unit volume of malignant tumors is more than that of
benign tumors, and the unit time into the malignant
tumor contrast agent also increases. Hence, the
[3,4,30-42]
enhancement rate is higher
. The difference in
AFP and CEUS enhancement rate between benign
and malignant liver tumors can be expected, and
the difference in SWV value between the two groups
suggests that ARFI can also be used for the analysis of
benign and malignant liver lesions.

Comparison of ARFI, serological parameters, CEUS
indicators between malignant and benign tumor groups

Our results revealed that SWV value, AFP content and
CEUS enhancement rate were significantly higher in
the malignant tumor group than in the benign tumor
group, suggesting that the use of these parameters
is feasible for the differential diagnosis of benign and
malignant liver lesions. Increased SWV value may
indicate increased tumor hardness. This may be
due to the richness of the liver cancer substance in
tumor cells that sustains growth and promotes the
invasion of capillaries, and the chaotic arrangement

WJG|www.wjgnet.com

Source curve

0.8
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0.0
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1.0

Diagnostic accuracy of SWV value, AFP content and
enhancement rate, alone or in different combinations, in
distinguishing between malignant and benign tumors

The results of this study showed that the AUC of
SWV value was slightly higher than that of CEUS
enhancement rate and significantly higher than that of
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AFP content. This finding suggests that the diagnostic
value of ARFI is higher than that of CEUS enhancement
rate and AFP content and the diagnostic value of ARFI
is higher than that of AFP. This might be because the
change in the texture of liver lesions is more sensitive
than that of AFP content. The diagnostic value of CEUS
is less than that of ARFI, and the reason may be that
CEUS reflects the hemodynamics of liver lesions,
while ARFI reflects changes in tissue hardness. Tissue
hardness reflects not only the vascular composition
of tissue, but also the interstitial fiber composition of
tissue, cell arrangement and other factors. Hence,
compared to CEUS, ARFI is more comprehensive and
intuitive.
The results of this study showed that the diagnostic
accuracy of combined SWV value, AFP content and
enhancement rate was slightly higher than that of
SWV value plus AFP content and SWV value plus
enhancement rate, and significantly higher than that
of AFP content plus enhancement rate and any one
of the three parameters. When the cut-off value for
the regression coefficient of the SWV value, AFP
content and enhancement rate was 0.8711451, the
best diagnostic performance was achieved. With this
cut-off value, the results of this study revealed that
nine cases of hepatocellular carcinoma were falsenegative lesions, which may have been transformed
through liver cirrhosis to stage I liver cancer, in which
the tumor composition was less obvious. Furthermore,
SWV value and AFP content were low, which may be
related to the partial necrosis in the tumor component.
These led to the low SWV value, AFP content and
enhancement rate regression coefficient, and then
the false negative results were obtained. Meanwhile,
studies have shown that the stiffness of hepatocellular
carcinoma and cholangiocarcinoma is greater than that
of liver metastases. Furthermore, metastatic carcinoma
derived from the digestive tract has lower hardness,
and AFP content is lower than the content of liver
parenchyma. This led to low SWV value, AFP content
and enhancement rate of regression coefficient, and
[43-51]
then false negative results were obtained
.
The results of this study were based on data from a
small sample and did not cover all types of malignant
and benign liver tumors. Therefore, the results of this
study should be explained with caution, especially in
clinical settings. However, the clinical pathological types
of liver lesions studied in this study are common and
have certain representative significance. Multi-center
studies with a larger sample should be performed to
verify our findings.
In summary, the diagnostic performance of com
bined ARFI, AFP and contrast-enhanced ultrasound
in distinguishing between benign and malignant liver
lesions was higher than the use of any single parameter
or the combination of any two of parameters. It
is expected that this would provide a tool for the
differential diagnosis of benign and malignant liver
lesions.

WJG|www.wjgnet.com
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Background

The gold standard for identifying benign and malignant liver lesions is
pathological diagnosis. However, due to its invasiveness, the presence of
infection, bleeding and other risks, pathological examination may cause body
damage. Hence, pathological examination is only suitable for patients with
suspected liver malignancy. In addition, pathological diagnosis has many
contraindications and is applicable in only a narrow range of patients. Thus, it is
difficult to implement pathological diagnosis as a routine examination.

Research frontiers

Serological indicators and contrast-enhanced ultrasound (CEUS) are
noninvasive routine examinations for both benign and malignant liver lesions.
Serological indicators alone have a low specificity and sensitivity. CEUS is
a well-established examination method; however, it is relatively complex to
operate and has high technical requirements, and some patients cannot tolerate
the contrast agent. Acoustic radiation force impulse (ARFI) imaging is simple to
operate, has high patient acceptance, and can quantitatively reflect the change
in tissue hardness; however, it is easily affected by bile ducts and large blood
vessels. The diagnostic value of the combined of ARFI imaging, serological
indicators, and CEUS remains unclear.

Innovations and breakthroughs

Although ARFI imaging, serological indexes and CEUS have certain value in
identifying benign and malignant lesions, each has its limitations. At present,
the diagnostic accuracy of the combination of these three kinds of examinations
in identifying benign and malignant liver lesions remains unknown, although
the combined diagnosis has been widely used for other diseases. The results
of this study showed that the diagnostic performance of combined ARFI, serum
alpha-fetoprotein (AFP) and contrast-enhanced ultrasound in distinguishing
between benign and malignant liver lesions was higher than the use of any
single parameter or the combination of any two of parameters.

Applications

It is expected that the combination of ARFI imaging, serological indicators
and CEUS would provide a tool for the differential diagnosis of benign and
malignant liver lesions.

Peer-review

The combination of acoustic radiation force impulse imaging, serological
indicators, and contrast-enhanced ultrasound has high accuracy in identifying
benign and malignant liver lesions. This result should be confirmed by large
multi-center studies, in order to better promote its clinical use.
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Abstract
AIM
To evaluate the diagnostic value and safety mainly
regarding incidents of endoscopic ultrasound-guided
fine-needle aspiration (EUS-FNA) for pancreatic cystic
lesions (PCLs).

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest statement: There are no conflicts of
interest in relation to this manuscript.

METHODS
A total of 150 consecutive patients with suspected
PCLs were prospectively enrolled from April 2015
to November 2016. We finally enrolled 140 patients
undergoing EUS-FNA. We compared the diagnostic
accuracy of EUS-FNA and pathological diagnosis, which
is regarded as the gold standard, for PCLs. Patients
undergoing EUS-FNA at least 1 wk preoperatively were
monitored for incidents and adverse events to evaluate
its safety.

Data sharing statement: There are no additional data available
in relation to this manuscript.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
There were 88 (62.9%) women and 52 (37.1%) men
among 140 patients, with a mean age of 50.1 (±
15.4) years. There were 67 cysts located in the head/
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[6]

3.9% to 81% , while the 2-year survival rate of
[7]
malignant PCLs is as low as 10% .
Correct diagnosis and accurate classification of PCLs
are important for making treatment decision. Endo
scopic ultrasound (EUS) has high spatial resolution,
and EUS-guided fine-needle aspiration (EUS-FNA)
contributes to diagnosis by providing cystic fluid
[8]
examination, cytology and biopsy . EUS-FNA is
[9,10]
the predominant method for diagnosis of PCLs
.
However, compared with computed tomography (CT)
and magnetic resonance imaging (MRI), EUS-FNA is an
invasive operation. It is the top priority to ensure the
safety of EUS-FNA.
Incidents are unplanned events that have no
influence on completion of an operation and post
operative treatment, and adverse events (AEs) are
defined as events that prevent completion of or
[11]
change to the planned procedure . Incidents are selflimiting and do not change therapy. AEs have attracted
attention, whereas incidents are almost ignored.
Although incidents do not interfere with procedures
and treatment, documenting them might improve
procedural quality and predict AEs.
There have been many studies on the safety and
diagnostic accuracy of EUS-FNA for PCLs, but there
have been few studies regarding the incidents related
to this procedure. Our study was designed to evaluate
the diagnostic value and safety mainly regarding
incidents of EUS-FNA.

uncinate of the pancreas and 67 in the body/tail, and 6
patients had at least 1 cyst in the pancreas. There were
75 patients undergoing surgery and 55 undergoing
EUS-FNA with interval at least 1 wk before other
operations, with 3 patients undergoing the procedure
twice. The accuracy of EUS-FNA in differentiating
benign and malignant lesions was 97.3% (73/75), while
the accuracy of characterizing PCL subtype was 84.0%
(63/75). The incident rate was 37.9% (22/58), whereas
only 1 AE was observed in 58 cases.
CONCLUSION
EUS-FNA is effective and safe for diagnosis of PCLs,
however procedure-related incidents are common.
Caution should be taken in patients undergoing EUSFNA.
Key words: Endoscopic ultrasound; Incident; Fineneedle aspiration; Pancreatic cystic lesion
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Incidents are self-limiting and do not
change therapy. Adverse events (AEs) of endoscopic
ultrasound-guided fine-needle aspiration (EUS-FNA)
have attracted attention, whereas incidents are almost
ignored. Although incidents do not interfere with
procedures and treatment, documenting them might
improve procedural quality and prediction of AEs. Our
study was designed to evaluate the diagnostic value
and safety mainly regarding incidents of EUS-FNA. We
found the accuracy of EUS-FNA in differentiating benign
and malignant lesions and characterizing pancreatic
cystic lesions subtype was high. The AE rate was low,
however procedure-related incidents are common and
should be paid attention to.

MATERIALS AND METHODS
Patients

We prospectively enrolled 150 consecutive patients
with suspected PCLs from April 2015 to November
2016. Excluding 10 patients who did not undergo
EUS-FNA, we finally enrolled 140 patients. The
indications for EUS-FNA were: (1) indeterminate PCLs
in radiological imaging studies; (2) easier and safer
access to the cyst; (3) age ≥ 18 years; and (4) signed
informed consent. The following exclusion criteria were
used: (1) reluctance to receive EUS-FNA or inability to
sign informed consent independently; (2) high risk for
operation, or pregnancy; (3) evidence of active acute
pancreatitis, pancreatic necrosis or pseudocyst; and
(4) coagulopathy (international normalized ratio > 1.5,
platelets < 50000). When evaluating the diagnostic
value, only the patients who underwent surgery were
enrolled. When evaluating the safety of EUS-FNA,
patients who did not undergo any other operation > 1 wk
after EUS-FNA were studied.

Du C, Chai NL, Linghu EQ, Li HK, Sun YF, Xu W, Wang XD,
Tang P, Yang J. Incidents and adverse events of endoscopic
ultrasound-guided fine-needle aspiration for pancreatic cystic
lesions. World J Gastroenterol 2017; 23(30): 5610-5618 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v23/i30/5610.
htm DOI: http://dx.doi.org/10.3748/wjg.v23.i30.5610

INTRODUCTION
Pancreatic cystic lesions (PCLs) are becoming in
creasingly prevalent, with increased diagnosis related
to the wide use of abdominal cross-sectional imaging.
The incidence of asymptomatic cysts ranges from 0.7%
[1-5]
to 24.3% . With a broad differential diagnosis, PCLs
are mainly divided into benign non-neoplastic cysts
and neoplastic cysts, some of which have malignant
potential or are of low malignancy. The frequency of
malignancy among mucinous cystic neoplasms (MCNs)
and intraductal papilla mucinous neoplasms (IPMNs)
which are subtypes of neoplastic cysts, ranges from

WJG|www.wjgnet.com

Study design

Patients with suspected PCLs by imaging examination
were requested to undergo EUS examination and
EUS-FNA. The EUS and EUS-FNA procedures were
performed by experts with > 10 years’ experience.
Some patients underwent other operations, like surgery,
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Figure 1 The procedures of endoscopic ultrasound-guided fine-needle aspiration. A: Endoscopic ultrasound view of the cyst, showing a 46.0 mm2 × 39.0 mm2
cyst in pancreatic neck; B: Puncture of the cyst with a 19-guage needle and aspiration of the cystic fluid; C: Specimen of cystic fluid, sent for cytology and biochemical
analysis; D: Histopathological image of cystic fluid cytology, diagnosed with serous cystic neoplasm (H and E, × 100); E: Histopathological image of cystic fluid
cytology (H and E, × 200); F: Histopathological image of biopsy of the cystic wall of the same cyst (H and E, × 10); G: Histopathological image of biopsy of the cystic
wall of the same cyst (H and E, × 40).

EUS-guided ablation and endoscopic retrograde
cholangiopancreatography, after the EUS-FNA. The
presumed endoscopic diagnosis was made after
taking EUS and cystic fluid examination findings into
consideration. The diagnostic accuracy of EUS-FNA was
compared with pathological diagnosis, which is regarded
as the gold standard for diagnosis of PCL.
Patients undergoing EUS-FNA ≥ 1 wk before
other operations were monitored for incidents and
AEs to evaluate safety; therefore, patients who
underwent other operations < 1 wk after EUS-FNA
were excluded when evaluating the incident and AE
rates. Any symptoms and signs of abdominal pain,
fever, bleeding, nausea, infection, acute pancreatitis,
perforation and hyperamylasemia, were recorded.
Patients were monitored on the ward for ≥ 3 d and
discharged when they did not feel any discomfort. If
they were hospitalized for < 7 d, we followed them
up by telephone to document incidents and AEs that

WJG|www.wjgnet.com

might have arisen.

Endoscopic procedures

All patients with suspected PCLs underwent EUS
evaluation with a liner-array echoendoscope (Prosound
F75; Aloka, Tokyo, Japan, and GF-UCT260; Olympus,
Tokyo, Japan) under intravenous anesthesia. The
lesions were characterized by size, location, wall
thickness, number of septa, morphology of the pan
creatic duct, and presence of papilla or associated
mass. Transgastric or transduodenal puncture of the
cyst was done using a 22-gauge or 19-gauge needle
(Echotip; Cook, Limerick, Ireland) and cystic fluid
was aspirated. If the cystic fluid was too viscous for
aspiration, 0.9% normal saline solution was used to
decrease the viscosity of the cyst. The cyst fluid was
sent for cytology and biochemical analysis. Biopsy
of the cystic wall through a fine needle was done if
necessary. The procedures are shown in Figure 1.
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diagnostic accuracy rate and incident rate, were tested
2
using χ or Fisher’s exact test. A P value < 0.05 was
considered significant.

Table 1 Baseline characteristics of 140 patients suspected of
pancreatic cystic lesions
Characteristic
Age, yr
Sex
Female
Male
Cyst location
Head/uncinate
Body/tail
Multiple cysts
Pathological diagnosis
Neoplastic cyst
MCN
SCN
SPN
IPMN
NEN
Cystadenocarcinoma
Non-neoplastic cyst
Pseudo cyst
True cyst
Cystic tuberculosis

1

Result

50.1 ± 15.4

RESULTS

88 (62.9)
52 (37.1)

Basic characteristics are summarized in Table 1. There
were 88 (62.9%) women and 52 (37.1%) men among
140 patients, with a mean age of 50.1 (± 15.4) years.
There were 67 cysts located in the head/uncinate of the
pancreas and 67 in the body/tail, and 6 patients had at
least one cyst in the pancreas. Cystic fluid analysis was
available for 89 patients and 1 patient had aspiration
of two cysts. The levels of carcinoembryonic antigen,
amylase, lipase and carbohydrate antigen 19-9 were
4.89 ng/mL (range: 0.20-19 636.5 ng/mL), 316.75
U/L (range: 1.2-275 020 U/L), 1713.60 U/L (range:
4.4-1 594 160 U/L) and 640.75 ng/mL (range: 1.07> 20000 ng/mL), respectively. There were 75 patients
undergoing surgery and 55 undergoing EUS-FNA with
interval at least 1 wk before other operations, with
3 patients undergoing the procedure twice. Seventy
pancreatic neoplastic cysts and five non-neoplastic
cysts were found in pathological diagnosis. There
were 25 MCNs, 27 serous cystic neoplasms, 7 solid
pancreatic neoplasms, 8 IPMNs, 1 neuroendocrine
neoplasm and 2 cystadenocarcinomas among the
neoplastic cysts, and 2 pseudocysts, 2 true cysts and
1 case of cystic tuberculosis among the non-neoplastic
cysts. There were 75 patients undergoing surgery after
EUS-FNA and 58 were available for safety evaluation.
The study flowchart is shown in Figure 2.

67 (47.9)
67 (47.8)
6 (4.3)
70
25
27
7
8
1
2
5
2
2
1

1

Presented as mean ± SD, n (%), or n. IPMN: Intraductal papilla mucinous
neoplasm; MCN: Mucinous cystic neoplasm; SCN: Serous cystic neoplasm;
SPN: Solid pancreatic neoplasms; NEN: Neuroendocrine neoplasm.

Postoperative treatment

After EUS-FNA, patients were intravenously admini
stered one dose of an intravenous antibiotic for 3 d
and octreotide for 1 d. An intravenous proton pump
inhibitor (PPI) for 1 d and an additional 3 d of an
oral PPI were required. Six hours and the morning
after the procedure, the patients were assessed for
serum amylase and lipase levels. If these results were
abnormal, rechecking was required once daily before
they returned to normal. Oral intake of food was
allowed 1 d after EUS-FNA if there was no severe AE.

Accuracy of EUS-FNA

A total of 75 patients underwent surgery after EUS
and pathological diagnosis was regarded as the gold
standard. There were two malignant cysts by pathology
and one was misdiagnosed by EUS-FNA. The sensitivity,
specificity, positive predictive value, negative predictive
value and accuracy of EUS-FNA in differentiating
benign and malignant lesions were 98.6% (72/73),
50.0% (1/2), 98.6% (72/73), 50% (1/2) and 97.3%
(73/75), respectively. When evaluating the capacity of
characterizing subtype of PCLs, the accuracy of EUSFNA was 84.0% (63/75).

Definitions

Incidents were different from AEs. Incidents were
defined as symptoms or signs that did not interfere
with the planned treatment. AEs were defined as
events that prevented completion of or change to the
planned procedure. Moderate to severe abdominal
pain that needed additional treatment was regarded
as an AE, while mild abdominal pain was regarded as
an incident. The size of PCLs was determined by their
largest diameter. If EUS-FNA was performed on several
cysts in one patient, the diameter was calculated as
the sum of the largest diameters of these cysts. All of
the patients were given a presumed diagnosis on the
basis of EUS, cystic fluid analysis and cystic wall biopsy
before surgery.

Safety of EUS-FNA

Fifty-eight patients were available for safety evaluation
and monitored for ≥ 7 d. Only 1 patient with moderate
abdominal pain received additional treatment with
anisodamine and the pain was relieved. No other AE
occurred, which resulted in an AE rate of 1.7%.
Incidents were reported in 22 patients, with a rate
of 37.9% (22/58). Seven patients developed abdominal
pain; nine hyperamylasemia; four both abdominal pain
and hyperamylasemia; one abdominal pain, low-grade
fever and hyperamylasemia simultaneously; and one
low-grade fever and hyperamylasemia simultaneously
(Table 2).

Statistical analysis

All calculations were performed using SPSS version 17.0.
Quantitative data, including cystic size and patients’ age,
were expressed by the mean or median and tested by
t-test or nonparametric test. Enumeration data, like
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Patients suspected of PCLs from April 2015 to November 2016
n =150
Excluded: patients did not undergo EUS-FNA
n = 10
Patients underwent EUS-FNA
n = 140

Patients underwent other
operations less than 1 wk later
n = 85

ERCP

n =4

Ablation
n = 13

Surgery
n = 68

Patients underwent other
operations more than 1 wk later
n = 30

Surgery
n =7

Pathologic diagnosis as gold
standard for value evaluation
n = 75

Ablation
n = 20

Patients did not undergo any other
operations more than 1 wk later
n = 25

EUS-FNA
n =3

Patients available for
safety evaluation
n = 55

Cases available for
safety evaluation
n = 58

Figure 2 Study flowchart. ERCP: Endoscopic retrograde cholangiopancreatography; EUS-FNA: Endoscopic ultrasound-guided fine-needle aspiration; PCLs:
Pancreatic cystic lesions.

Comparison between incidents/AEs and non-complaints
of EUS-FNA

[26-28]

to diagnose and classify PCLs
. The diagnostic
yield from combined EUS-FNA imaging is better than
[29]
from EUS alone . EUS-FNA contributes much to
[30]
differentiation between benign and malignant PCLs
and between mucinous and non-mucinous cystic
[31,32]
lesions
. Cytologic diagnosis with EUS-FNA is helpful
[5]
to arrive at a more definitive diagnosis . EUS with or
without FNA is superior to CT and MRI in accurately
[33]
classifying a cyst as neoplastic .
In our current study, EUS-FNA had a high sensitivity
for differentiation of malignant cystic carcinoma from
benign or malignant potential PCLs, but its specificity
was only 50%. There were two cystic carcinomas
diagnosed by EUS-FNA in our study and one was
misdiagnosed. When EUS-FNA reveals malignance,
we should accept its diagnosis with caution. Additional
information, like age, clinical symptoms, history of
present illness, blood test results and other imaging
examinations, should be taken into account. However,
pancreatic cancer has high malignancy with short
survival time, we would rather misdiagnose than miss
it. It is important to differentiate between mucinous
and non-mucinous PCLs because their treatments are
different.
In our research, EUS-FNA did well in classifying
PCLs into different subtypes, with an accuracy of
84.0%. An earlier study suggested that diagnostic
accuracy in distinguishing mucinous and non-mucinous
PCLs increased up to 90% when taking cystic fluid
tumor marker level, amylase level, mucin staining
and cytology into consideration to make a presumed
[31]
diagnosis . Our result seemed lower, which may
be because previous studies just made a distinction
between mucinous and non-mucinous PCLs. The cystic
wall puncture might increase the sensitivity of EUS[5]
FNA . A systematic review showed k-ras mutational

The characteristics of the incidents/AEs and noncomplaints groups are described in Table 3. We
performed univariate analysis of the baseline patient
and cystic characteristics to predict safety related to
EUS-FNA. Among the variables, no significance was
shown for age, sex, location and size of the lesions.

DISCUSSION
PCLs are composed of true cysts, pseudocysts and
cystic neoplasms. About 60% of PCLs are cystic
tumors, followed by inflammation and trauma-related
[12]
pseudocysts accounting for 30% . PCLs have a
wide range of lesions ranging from benign to malig
[13]
nant . Although imaging modalities have made
great advances, the accurate diagnosis of PCLs and
[13]
differentiation of PCL subtypes remain challenging .
EUS and EUS-FNA contribute much to the diagnosis
of PCLs because of their high resolution and the aid of
[14-18]
cystic fluid and cytological analysis
. EUS-FNA can
offer incremental diagnostic sensitivity with its ability
to obtain cystic fluid and cytology from worrisome
[19]
areas . The American Gastroenterological Association
Institute suggests that EUS-FNA should be used to
[20]
examine PCLs with at least two high-risk features .
EUS-FNA might affect the management of 72% of
[21]
incidental pancreatic cysts . When referring to EUSFNA, its diagnostic value and safety are the most
important features for evaluating its feasibility.
Many studies have shown that the accuracy of
EUS-FNA in diagnosis of PCLs ranged from 66.7%
[22-25]
to 97%
. Under EUS-FNA, cystic fluid and cystic
tissue can be collected for biochemical, cytological,
genetic and pathological examination, which may help
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Table 2 Incidents of patients after endoscopic ultrasoundguided fine-needle aspiration
Incident

n

Abdominal pain
Hyperamylasemia
Abdominal pain + hyperamylasemia
Abdominal pain + low-grade fever + hyperamylasemia
Low-grade fever + hyperamylasemia

7
9
4
1
1

Table 3 Comparison between incidents/adverse events and
non-complaints of endoscopic ultrasound-guided fine-needle
aspiration

Age, yr
Sex
Female
Male
Location
Head/uncinate
Body/tail
Multiple cysts
Size by EUS mm

analysis used as an individual screening test has a poor
diagnostic accuracy and the combined test of cytology
[34]
and k-ras benefited the diagnostic value .
When evaluating the safety of EUS-FNA, AEs have
attracted a lot of attention, with AE rates ranging from
[35-39]
1.14% to 14%
. A large prospective multicenter
[40]
study reported a complication rate of 6% . In our
study, the AE rate was 1.7%. A study enrolled 414
patients showed the AEs all occurred during the first
[41]
day . In accordance with a previous study, pan
creatitis, infection, perforation, tumor seeding and
clinically significant bleeding are the most common AEs
[42]
of EUS-FNA . The incidence of acute pancreatitis varies
from 0% to 2.6% and bacteremia can be observed in
≤ 6% of EUS procedures and EUS-FNA[18,38,40,43,44]. The
incidence of abdominal pain is 0%-3.6%, while fever is
[41,43,45-47]
. No protective
reported in 0%-4.1% of cases
effect was observed from periprocedural prophylactic
[48]
antibiotic administration . Debate remains about
whether the complications of EUS-FNA for PCLs are
[39,49]
more frequent than for pancreatic solid lesions
.
The incident rate in our study was higher than
in a previous study reporting three incidents among
[39]
73 patients with PCLs and 73 with solid lesions .
However, the AE rate in our study was lower compared
with 5.5% (4/73) in PCLs of the previous study. There
are several reasons for this difference. Although the
definitions of incidents and AEs are both based on an
American Society for Gastrointestinal Endoscopy (ASGE)
workshop, the postoperative treatment may differ. The
definitions are related to planned therapy so differences
in therapy will affect the discrimination between AEs
and incidents. There are no clear guidelines for postEUS-FNA treatment. Serum amylase and lipase levels
were detected only when patients complained of
abdominal pain in the previous study. Hyperamylasemia
alone was common in our study and not necessarily
accompanied by abdominal pain. Therefore, the
number of incidents might have been underestimated
in the previous study. Although incidents have no
effect on completion of the planned procedure, paying
attention to them may help optimize our treatment.
For example, hyperamylasemia was reported 6 h after
EUS-FNA and amylase level returned to normal the
morning after the procedure. Therefore, one dose of
octreotide might be enough for most patients. Noticing
incidents can help operators take more care before,
during and after an operation. Incidents may predict
AEs, and giving attention to incidents might decrease
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Incidents/AEs
group, n = 23

Non-complaints
group, n = 35

P value

52.6 ± 19.0

52.6 ± 13.5

> 0.05 (NS)
> 0.05 (NS)

12
11

18
17

15
5
3
34.5 ± 20.1

18
15
2
41.2 ± 21.5

> 0.05 (NS)

> 0.05 (NS)

Data are presented as mean ± SD or n. AEs: Adverse events; EUS:
Endoscopic ultrasound; NS: Not significant.

AEs.
To predict the incidents/AEs, we carried out
univariate analysis to identify factors that might affect
incidents/AEs. Incidents/AEs were similar in patients
of different age and sex and with lesions of different
location and size. A previous study also demonstrated
[38]
[50]
that location cannot predict AEs . Eloubeidi et al
reported that the type and size of the pancreatic lesion
affected AEs. We speculated that factors predicting
incidents and AEs were similar. However, factors that
may predict incidents deserve further investigation.
Our study prospectively revealed incidents related
to EUS-FNA that may help to reduce AEs. However,
there were several limitations. First, although there
were 140 patients enrolled, we evaluated the accuracy
of EUS-FNA in 75 patients (group 1) and safety of
EUS-FNA in 55 patients (group 2). They were different
groups and 17 patients among enrolled patients were
neither in group 1 nor in group 2. Second, although
the ASGE workshop defines incidents and AEs, there
is no clear guideline for post-EUS-FNA treatment. The
discrimination of incidents and AEs may vary with
planned treatment. The incidents in our study may
be different when changes are made to postoperative
treatment. The final limitation was our small number
of participants. Nearly half of the EUS-FNA procedures
were done followed by surgery immediately, which
made the sample for safety evaluation small.
In conclusion, EUS-FNA is effective and safe for
diagnosis of PCLs, and has a high diagnostic accuracy
and low AE rate. However, incidents related to EUSFNA are common. Caution should be taken in patients
undergoing EUS-FNA to prevent incidents from
evolving into AEs. Incidents are similar in patients of
different ages and sex and with lesions of different
location and size.
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to this procedure. Their study was designed to evaluate the diagnostic value
and safety mainly regarding incidents of EUS-FNA.

11

Innovations and breakthroughs

The current study noted the incidents related to EUS-FNA, which have often
been ignored. EUS-FNA is safe with low incidence of adverse events (AEs).
However, incidents related to EUS-FNA are common. This study also analyzed
the factors that predict safety related to EUS-FNA.

12

Applications

13

Noticing incidents can help operators take more care before, during and after
an operation. Incidents may predict AEs, and giving attention to incidents might
decrease AEs.

Terminology

14

Incidents were different from AEs. Incidents were defined as symptoms or signs
that did not interfere with the planned treatment. AEs were defined as events
that prevented completion of or change in the planned procedure.

15

Peer-review

This manuscript describes an interesting investigation about the incidents and
AEs of EUS-FNA for PCLs. In this study, the authors evaluated the diagnostic
value and safety mainly regarding incidents of EUS-FNA for PCLs.
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Abstract
AIM
To systematically review the syndrome of giant gastric
lipomas, report 2 new illustrative cases.
METHODS
Literature systematically reviewed using PubMed for
publications since 1980 with following medical subject
heading/keywords: (“giant lipoma”) AND (“gastric”)
OR [(“lipoma”) and (“gastric”) and (“bleeding”)].
Two authors independently reviewed literature, and
decided by consensus which articles to incorporate.
Computerized review of pathology/endoscopy records
at William Beaumont Hospitals, Royal Oak and Troy,
Michigan, January 2005-December 2015, revealed

Data sharing statement: Consent was not obtained but the
presented data are anonymized and the risk of identification is
low.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
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2 giant gastric lipomas among 117110 consecutive
esophagogastroduodenoscopies (EGDs), which
were thoroughly reviewed, including re-review of origi
nal endoscopic photographs, radiologic images, and
pathologic slides.

Core tip: Systematic literature review of giant ga
stric lipomas revealed 32 reported cases since
1980, with 2 new cases reported among 117110
esophagogastroduodenoscopies. Two authors inde
pendently reviewed literature, and decided by
consensus which articles to incorporate. Averagepatient-age = 54.5 ± 17.0 years (males = 68.8%).
Mean-maximal-lipoma-diameter = 7.9 cm ± 4.1 cm.
Lipoma locations: antrum-17, antrum and other gastric
segments-7, other-8. Lipomas were submucosal-92%,
subserosal-8%. Presentations included: acute up
per gastrointestinal (UGI) bleeding-19, abdominal
pain-5, nausea/vomiting-5, asymptomatic-3. esop
hagogastroduodenoscopy was extremely helpful
diagnostically; findings included: yellowish hue, welldemarcated margins, and smooth overlying mucosa.
Endoscopic biopsies were infrequently diagnostic.
Twenty of 21 abdominal CTs demonstrated characteristic
lipoma findings: well-circumscribed, submucosal, and
homogeneous mass with fat attenuation. Endoscopicultrasound showed characteristic findings in 80%. All
patients underwent successful therapy without major
complications/mortality, including: laparotomy-withfull-thickness-gastric-wall-resections-26; and other-6.
Two newly reported patients presented with severe UGI
bleeding from giant, ulcerated, gastric lipomas. This
review may help standardize work-up of these patients.

RESULTS
Giant gastric lipomas are extremely rare: 32 cases
reported since 1980, and 2 diagnosed among 117110
consecutive EGDs. Average patient age = 54.5
± 17.0 years old (males = 22, females = 10).
Maximal lipoma dimension averaged 7.9 cm ± 4.1
cm. Ulcerated mass occurred in 21 patients. Lipoma
locations: antrum-17, body-and-antrum-4, antrumintussuscepting-into-small-intestine-3, body-2, fundus-1,
and unspecified-5. Intramural locations included
submucosal-22, subserosal-2, and unspecified-8.
Presentations included: acute upper gastrointestinal
(UGI) bleeding-19, abdominal pain-5, nausea/vomiting-5,
and asymptomatic-3. Symptoms among patients with
UGI bleeding included: weakness/fatigue-6, abdominal
pain-4, nausea/vomiting-4, early-satiety-3, dizziness-2,
and other-1. Their hemoglobin on admission averaged
7.5 g/dL ± 2.8 g/dL. Patients with GI bleeding had
significantly more frequently ulcers than other patients.
EGD was extremely helpful diagnostically (n = 31
patients), based on characteristic endoscopic findings,
including yellowish hue, well-demarcated margins,
smooth overlying mucosa, and endoscopic cushion,
tenting, or naked-fat signs. However, endoscopic
mucosal biopsies were mostly non-diagnostic (11 of
12 non-diagnostic). Twenty (95%) of 21 abdominal
CTs demonstrated characteristic findings of lipomas,
including: well-circumscribed, submucosal, and homo
geneous mass with attenuation of fat. Endoscopicultrasound showed characteristic findings in 4 (80%)
of 5 cases: hyperechoic, well-localized, mass in gastricwall-layer-3. Transabdominal ultrasound and UGI series
were generally less helpful. All 32 patients underwent
successful therapy without major complications or
mortality, including: laparotomy and full-thickness
gastric wall resection of tumor using various surgical
reconstructions-26; laparotomy-and-enucleation-2;
laparoscopic-transgastric-resection-2; endoscopicmucosal-resection-1, and other-1. Two new illustrative
patients are reported who presented with severe UGI
bleeding from giant, ulcerated, gastric lipomas.

Cappell MS, Stevens CE, Amin M. Systematic review of giant
gastric lipomas reported since 1980 and report of two new cases
in a review of 117110 esophagogastroduodenoscopies. World J
Gastroenterol 2017; 23(30): 5619-5633 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i30/5619.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i30.5619

INTRODUCTION
Gastric lipomas are rare, constituting < 3% of benign
[1]
gastric tumors, and < 1% of all gastric tumors ,
and giant gastric lipomas (≥ 4 cm) are extremely
rare, with only 32 cases reported since 1980 (Table
[1-33]
1)
. Although small gastric lipomas are usually
asymptomatic, giant gastric lipomas typically produce
major symptoms from GI obstruction, tumor ulcers,
or acute upper gastrointestinal (UGI) bleeding, with
19 cases of UGI bleeding reported since 1980 (Table
1). Due to its extreme rarity, all prior studies of giant
gastric lipomas have comprised single case reports. This
work systematically reviews the literature since 1980,
and collates the case reports scattered among various
and sometimes obscure journals, to semi-quantitatively
describe the clinical presentation, endoscopic and
radiologic findings, and therapy of the disease; and to
report two new illustrative cases who presented with
massive, life-threatening UGI bleeding among 117110

CONCLUSION
This systematic review may help standardize the
endoscopic and radiologic evaluation and therapy of
patients with this syndrome.
Key words: Esophagogastroduodenoscopy Lipoma;
Gastric; Giant; Melena; Upper gastrointestinal bleeding;
Systematic review
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Table 1 Comprehensive review of the 32 giant gastric lipomas reported since 1980
Ref.

Age, sex, clinical presentation, PMH,
signs and lab abnormalities

Diagnostic work-up

Treatment, pathology

Upper GI bleeding
Current case
63 y. o. M with previous medical
EGD: 13-cm-wide, submucosal, yellowish, Laparotomy: Resected by subtotal
report 1
history of hypertension and
gastric mass in antrum covered by smooth
gastrectomy extended by partial
hyperlipidemia presented with
mucosa except for focal ulceration
bulbar duodenectomy with
melena and dyspnea on exertion for Abdominal CT: well-circumscribed, uniform
Billroth Ⅱ reconstruction
3 d and epigastric pain, early satiety
13.4 cm × 8.4 cm × 8.2 cm mass, with
Pathology: Homogeneous,
and 10-kg weight loss during the last
attenuation characteristic for fat
submucosal, soft, 14.5 cm
6 mo. BP = 144/77 mm/Hg, pulse =
× 8.7 cm × 7.5 cm mass.
87/min. Hgb = 6.2 g/dL
Lipoma with spindle cell
variant by CD34 positivity by
immunohistochemistry
Current case
78 y. o. F presented with melena for Abdominal CT: submucosal, 9.5 cm × 6.0 cm Laparotomy: large, 9.0 cm × 6.0
report 2
3 d, associated with weakness and
× 4.5 cm, antral mass. EGD: large, focally
cm × 4.5 cm, submucosal mass
orthostatic dizziness. BP = 124/67
ulcerated, antral gastric mass, exhibiting a
excised by distal gastrectomy.
mmHg, pulse = 68/min. Rectal
positive cushion sign
Pathology: lipoma
exam-melena. Hgb = 7.1 g/dL
Ramdass et al[1],
37 y. o. F with epigastric pain,
EGD: submucosal mass with 1 cm central
Gastric body. Laparotomy: 4 cm
2013
melena, vomiting and weakness for
ulcer in gastric body
× 3.5 cm × 3.2 cm mass at junction
4 d. Pallor and epigastric tenderness.
of body and antrum removed
Hgb = 5.9 g/dL. Transfused 6 units
surgically
packed erythrocytes
Pathology: lipoma
Almohsin et al[2],
61 y. o. M presented with
EGD: Gastric mass with an ulcer. Endoscopic
Laparotomy: enucleation of
2015
hematemesis, melena, epigastric
biopsies: benign tissue. EUS: large,
lesion and overlying mucosa.
pain, and fatigue
hyperechoic, antral, submucosal lesion.
Pathology: lipoma
Abdominal CT: 8.5 cm × 5 cm submucosal,
well-encapsulated antral lesion with density
of fat with ulcerated overlying mucosa
Beck et al[3] ,1997
13 y, o. M with hematemesis,
Abdominal radiograph: polypoid mass. EGD:
Endoscopic polypectomy:
melena and abdominal pain for 2 d.
8 cm × 3 cm × 4 cm soft and compressible,
Unsuccessful due to thick polyp
Occasional nausea and vomiting for
polypoid mass with basal ulceration on
stalk and patient pain during
several years. Benign abdomen
anterolateral wall of antrum. Endoscopic
attempted polypectomy
Hgb = 10.5 g/dL
mucosal biopsy: normal antral tissue.
Surgery: Excision of polyp
Abdominal CT: smooth, uniform intraluminal
Pathology: lipoma
mass with low attenuation in submucosal
layer
Bijlani et al[4],
70 y. o. M presented with acute
EGD: Protruding mass in antrum. Could not Laparotomy: soft, yellowish mass
1993
hematemesis. Physical examination traverse endoscope beyond mass. Endoscopic in antrum stretching the serosa.
revealed pallor. Hgb = 7.0 g/dL
biopsies: normal
Mass enucleated via serosal
UGI series: space-occupying lesion in antrum
approach
Abdominal USD: normal
Pathology: lipoma
Bloch et al[5],
1974

55 y, o. F with 1 episode of melena
Nausea, epigastric fullness, and
belching for 7 mo. Physical exam
reveals grapefruit-sized epigastric
mass
N.A

Outcome and
follow-up
Did well
postoperatively
with no
complications.
Asymptomatic
at 8 wk of
follow-up

Patient
discharged 5 d
postoperatively
with no further
bleeding
Did well
postoperatively
with uneventful
recovery
Remained well
at 9 mo followup

Uneventful
postoperative
course. Patient
asymptomatic

Uneventful
post-operative
recovery.
Asymptomatic
at 6 mo of
follow-up
N.A

Supine abdominal radiograph: WellDistal two-thirds of stomach
demarcated, large epigastric mass
on anterior wall. Laparotomy:
UGI series: huge, sharply demarcated, mass in huge, grapefruit size submucosal
distal two-thirds of stomach with 2 cm × 3 cm lipoma arising from anterior wall
ulcer at apex of mass
with shallow central ulcer
Surgical resection: not
documented
Chu et al[6], 1983
61 y. o. F with previous medical
UGI series: sliding hiatal hernia, and golf-ballLaparotomy: 5 cm × 4 cm ×
Uneventful
history of gastric ulcer and hiatal
sized mass protruding from lesser curve in
3 cm mass in pre-pylorus.
postoperative
hernia diagnosed 2 yr earlier
antrum. Mass moved in and out of pylorus
Underwent resection of mass
course and
presented with melena and
EGD: well-circumscribed, submucosal, 5 cm
with adjacent lesser curvature, asymptomatic at
weakness for several days. Rectal
× 3 cm-mass protruding along lesser curve in
and pyloroplasty
1 yr
exam: fecal occult blood. Hgb = 6.0
antrum. Positive cushion sign
Pathology: lipoma
g/dL. Transfused 3 units of packed
erythrocytes
Kibria et al[7],
44 y. o. F with hematemesis and
EGD: Soft, broad-based, 5 cm × 3 cm mass on
Greater curvature of stomach
Uneventful
2009
melena for 1 d. Hgb = 8.6 g/dL
greater curvature of stomach. Two ulcers on
Surgical resection, 4.8 cm × 3.2
recovery.
mass. Positive cushion sign. Abdominal CT:
cm, mature adipocytes with
Unremarkable
4.5 cm × 3.0 cm gastric mass with attenuation
ulceration and necrosis of
EGD at 6 mo of
of fat projecting into lumen. Doppler-assisted
overlying mucosa
follow-up
EUS: submucosal mass of mixed echogenicity
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Kumar et al[8],
2015

72 y. o. previously healthy M
Abdominal CT: 4.3-cm-wide polypoid mass in
presented with presyncope
antrum consistent with gastric lipoma. EGD:
associated with diaphoresis and
large, submucosal mass in gastric antrum
pallor. Rectal exam revealed melena. with central ulcer with overlying clot. Ulcer
Hgb = 9.9 g/dL
injected with dilute epinephrine
López Cano
76 y. o. M with recent NSAID use,
EGD: posterior wall of antrum 3.5-cm-wide
et al[9], 1991
and hypertension presented with lesion with overlying smooth mucosa. Central
acute melena. Hgb = 6.8 g/dL
ulceration. Endoscopic biopsy: gastritis.
Abdominal ultrasound with water-filled
stomach: 4-cm-wide, echogenic submucosal
mass
Myint et al[10],
54 y. o. F presented with
EGD: 4 cm × 3 cm ulcerated submucosal mass
1996
hematemesis and melena for 1
in antrum
wk. BP = 70/50 mmHg. Benign
Endoscopic biopsies: nondiagnostic.
abdominal exam. Hgb = 4.0 g/dL. Abdominal CT: gastric mass with attenuation
value of lipoma
Ortiz de
60 y. o. F. PMH: vitiligo, acute
EGD: antral deformity. No active bleeding.
Solórzapo
pancreatitis, duodenal ulcer
Gastric volvulus? Abdominal USD:
Aurusa et al[11], presented with melena, postprandial 5.8 cm × 3.4 cm pedunculated antral mass
1997
pain, nausea, vomiting and early
intussuscepting into duodenum. Abdominal
satiety. Pallor. Rectal exam: melena. CT: 4 cm × 3 cm × 3-cm-wide, well-defined,
Hgb = 12.8 g/dL
submucosal mass
Paksoy et al[12],
71 y. o. M with acute hematemesis
EGD: 4 cm-wide mass with superficial ulcer
2003
and melena. BP = 110/70 mmHg, on posterior gastric wall. Endoscopic biopsies:
Pulse = 100/min
“benign” lesion
Hematocrit = 27%
Abdominal CT: 4 cm lesion of lipid density in
inferioposterior wall of stomach
Pérez Cabañas
73 y. o. M presented with melena
EGD: gastric mass on posterior wall and
et al[13], 1990
and hematemesis for 2 d. Recent
greater curve with superficial overlying ulcer,
NSAID use. PMH: hypertension.
small hiatal hernia. Abdominal ultrasound:
Physical exam: pallor, rectal examnormal stomach. UGI series: large filling
melena. Hgb = 8.6 g/dL. Transfused
defect, from submucosal lesion
5 units of packed erythrocytes
Priyadarshi
46 y. o. M with melena for 1 yr.
EGD: large mass arising from posterior wall
et al[14], 2015
Palpable, soft epigastric lump. Mild
antrum with superficial ulceration. Unable
epigastric tenderness
to traverse pylorus due to obstruction.
Hgb = 5 mg/dL; coagulation
Abdominal CT: huge mass with lobulated
parameters and chemistry WNL
surface projecting into gastric lumen with
density consistent with fat. Tumor extended
into pylorus and caused gastric outlet
obstruction
Rao et al[15],
60 y. o. M presented with melena,
EGD: large, smooth, submucosal bulge
2013
fatigue and pallor.
along lesser curvature of stomach. Contrast
Hgb = 7.2 g/dL
enhanced abdominal CT: Well-defined,
encapsulated, submucosal mass with
attenuation of fat along lesser curvature of
stomach
Regge et al[16],
1999

52 y. o. M presented with
hematemesis and melena.
Hgb = 5.5 g/dL

Sadio et al[17],
2010

44 y. o. M with medical history of
hypertension, obesity, and sleepapnea, presented with fatigue
and intermittent melena for 1 mo.
Physical exam revealed pallor.
Hgb = 7.8 g/dL

WJG|www.wjgnet.com

Laparotomy: Gastrostomy with
wide excision of antral lesion
along anterior wall. Pathology:
lipoma
Partial gastrectomy
Pathology: lipoma

Laparotomy: 6 cm × 6 cm mass
in posterior wall of gastric
antrum with central ulceration.
Pathology: lipoma

Good
postoperative
recovery and
discharged 3 d
after surgery
No
postoperative
complications

Patient alive
with no evident
disease 6 mo
after surgery

Surgery; Underwent partial
Did well for 6
gastrectomy for antral mass
mo of follow-up
intussuscepting into duodenum.
Pathology: lipoma

Inferioposterior wall of stomach Discharged 6 d
Surgery: laparoscopic transgastric postoperatively
resection of 4 cm intramural
without
lipoma
complications
Pathology: intramural lipoma
Surgery: Wedge resection for 5
Did well after
cm × 4 cm submucosal mass
surgery
Pathology: ulcerated lipoma

Posterior wall of gastric antrum
Laparotomy: Billroth I partial
gastrectomy; 14 cm × 11 cm
× 5 cm sessile broad based
submucosal lipoma; path =
mature adipocytes

No reported
complications

Laparotomy: large submucosal
Presently
tumor excised via anterior
asymptomatic
gastrotomy
Pathology: 15 cm × 12 cm
submucosal tumor with a focal
ulcer. Microscopy demonstrates
submucosal lipoma
EGD: 3.5-cm-wide, round, pale-pink
Laparotomy: Antrectomy and
N.A
formation on anterior gastric antrum with
gastrojejunal anastomosis via
oozing superficial ulcer. Hemostasis achieved
a Roux-en-Y loop. Pathology:
with dilute epinephrine injection. Abdominal
lipoma
USD: 4-cm-wide hyperechoic antral lesion
with distinct margins. Abdominal CT with
IV contrast: 4-cm-wide, well-circumscribed,
antral lesion with density of fat. Abdominal
MRI: Confirmed fat-tissue signal in mass
by hyperintensity on T1-weighted images
and marked signal reduction on sequences
performed with fat suppression
EGD: 4-cm-wide, yellowish, submucosal
Surgery: partial gastric resection
Did well and
mass in gastric fundus with central overlying Pathology: submucosal lipoma discharged 10 d
ulceration. EUS: hyperechoic submucosal
postoperatively
mass. Abdominal CT: homogeneous, wellcircumscribed mass in fundus with density of
fat
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Singh et al[18],
1987

Youssef et al[19],
1999

40 y. o. M with melena, pyrexia,
EGD: huge polypoid tumor in gastric body Gastric body along greater curve Discharged 2 wk
chills, and weakness. BP = 100/70 along greater curve. Multiple small superficial
Laparotomy: smooth mass
postoperatively.
mmHg, pulse = 106/min, temp =
ulcers in antrum
in gastric body and antrum.
Asymptomatic
39 ℃, abdomen-soft, nontender, no
EGD biopsies: Mildly inflamed, mature
Multiple small ulcerations.
for 1 yr.
adipose tissue
Underwent subtotal gastrectomy
palpable mass. Hgb = 4.0 g/dL
UGI series: large gastric tumor
and gastrojejunostomy.
Pathology: 18 cm × 10 cm × 10 cm
encapsulated lipoma
54 y. o. nonalcoholic F presented
EGD: submucosal protrusion with mucosal Laparotomy: with full-thickness
Uneventful
with melena and dizziness
erosion along greater curvature in body and
resection of lesion
recovery
Physical exam: stable vital signs,
antrum
Pathology: 5.2 cm × 3.8 cm × 3.2
abdominal tenderness without
Abdominal USD: homogeneous, hyperechoic
cm submucosal lipoma
peritoneal signs. Hgb = 9.2 g/dL
mass in submucosa of posterior gastric wall.
Abdominal CT: homogeneous, 5.1 cm × 3.7 cm
lesion with density of fat in posterior gastric
wall

Abdominal pain
Alberti et al[20], 11 y. o. F with periumbilical and RLQ EGD: multiple, large, soft, masses protruding
Gastric body and antrum. No
1999
abdominal pain for 3 yr. Outpatient
into gastric body and antrum with normal
treatment because became
UGI series revealed multiple filling
overlying mucosa. Gastric biopsies: normal
asymptomatic
defects in gastric antrum and body.
mucosa. Abdominal USD: multiple,
Normal physical examination.
homogeneous, well-encapsulated, submucosal
Abdomen was soft with no palpable
masses with attenuation characteristic of
mass. No fecal occult blood
fat. Abdominal MRI: solid, hyperintense
Normal routine blood studies.
formations with signal characteristic of fat
Normal iron studies
in gastric body and antrum. Percutaneous
transgastric ultrasound guided biopsy:
features of lipoma with mild inflammatory
infiltrate
Hamdane
51 y. o. M with epigastric pain
EGD: soft, large, ulcerated, submucosal mass
Surgery: total gastrectomy.
et al[21], 2012
N.A
in antrum
Pathology: 9 cm × 7.5 cm × 5 cm.,
Endoscopic biopsies: nonspecific
mature adipocyte proliferation
inflammation of gastric mucosa. Abdominal
with variation of cell size in
CT: Round, well-circumscribed, lowa fibro-myxoid background.
attenuation, 9-cm-wide, gastric mass
Immunohistochemistry: positive
to anti-HGMA2, but not S-100,
or CD34, No MDM2 or CDK4
amplification, consistent with
lipoma
Neto et al[22],
63 y. o. M history of dyslipidemia,
Abdominal USD: large echoic mass
Posterior gastric wall.
2012
and hypertension with upper
compatible with an expansive lesion in gastric
Laparotomy with a subtotal
abdominal pain. Physical exam
antrum. EGD: large bulging mass in posterior gastrectomy and D1 lymphadereveals a palpable, moveable upper
gastric wall with three ulcerated areas
nectomy with Roux-en-Y
abdominal mass
Endoscopic biopsies: necrotic mucosa
reconstruction: 12 cm × 8 cm
Normal routine laboratory tests
Abdominal CT: well-defined, homogeneous,
× 6 cm, lipoma with mature,
oval mass located within the posterior gastric well differentiated adipocytes
wall that compressed descending duodenum surrounded by a fibrous capsule
and had the density of fat
with 3 ulcerative lesions of 0.5
cm, 1 cm, and 1.4 cm
Ramaraj et al[23], 52 y. o. M with dyspepsia, anorexia,
Colonoscopy: within normal limits. EGD:
Antrum
2012
and early satiety for 6 mo. Gastric
Extrinsic indentation in distal stomach with
Subtotal gastrectomy:
ulcer 5 yr earlier. Iron deficiency smooth overlying mucosa. Endoscopic biopsy: Submucosal antral lipoma with
anemia: Hg = 11.5 g/dL, ferritin = 5
normal mucosa
central ulceration
ng/mL
CT abdomen: 15 cm × 14 cm fatty tumor in
distal stomach
Zak et al[24],
58 y. o. M with intermittent upper
EGD: 10 cm × 6 cm smoothly lobulated,
Gastric antrum along the greater
2006
abdominal discomfort, early satiety,
submucosal mass in gastric antrum along
curvature
smoking, hyperlipidemia, obesity, greater curvature. Chronic inflammation and Laparotomy: resection only of the
PTSD, and depression. Has iron
intestinal metaplasia of gastric mucosa. EUS:
encapsulated mass
deficiency anemia
hypoechoic submucosal mass surrounded
Pathology: 10 cm × 6 cm lipoma
by a hyperechoic layer in posterior wall
of stomach, consistent with encapsulated
lipoma. Abdominal CT: homogeneous, round,
sharply-defined, encapsulated, submucosal
lesion with characteristic density of fat
Predominantly nausea and vomiting or obstructive symptoms
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“Pain
progressively
relieved”
Follow-up MRI
of abdomen: no
change

Uneventful
recovery. No
symptoms at 1
yr follow-up

Uneventful
recovery with
discharge 7 d
postoperatively

No
postoperative
complications.
Asymptomatic
at 4 wk of
follow-up
Uneventful
recovery with
discharge on
day 7. Followup abdominal
CT 2 mo later
revealed no
abnormalities

August 14, 2017|Volume 23|Issue 30|

Cappell MS et al . Systematic review of giant gastric lipomas
Aslan et al[25],
2015

77 y. o. M with nausea and vomiting, EGD: submucosal mass with normal overlying Endoscopic submucosal resection
and dyspepsia. Complete blood
mucosa extending into antrum along lesser
of 9-cm-long lipoma with an
count and comprehensive metabolic
curve
intact capsule
panel: WNL

Discharged after
3 d. Resolution
of symptoms at
6 mo of followup. Repeat
endoscopy did
not reveal a
mass
Lin et al[26], 1992
77 y. o. F with nausea, vomiting,
UGI series: large polypoid gastric mass
Laparotomy: large necrotic
Ultimately
abdominal pain for 3 wk and
intussuscepting into duodenum. Abdominal polypoid intussuscepting mass
recovered and
7-kg-weight-loss. Dehydrated
USD: suspected intussusception. EGD:
arising in stomach. Polyp resected was discharged
and generalized mild abdominal inadequate examination. Differential of gastric
at its base. Pathology: large
tenderness. Rectal exam: fecal occult
torsion vs intussusception
polypoid lipoma
blood
Mouës et al[27], 72 y. o. M with anorexia, early satiety,
EGD: gastric mucosal hypertrophy
Laparotomy: large pedunculated
Uneventful
2002
nausea, and involuntary weight
extending into duodenum. Abdominal USD:
tumor intussuscepting into
recovery
loss. No overt GI bleeding. Left lung hyperechoic mass in small intestine, consistent jejunum. Mass reduced back into
lobectomy for bronchial lung cancer with lipoma, with likely intussusception. CT stomach. Gastrostomy revealed
10 yr earlier. Hemoglobin = 4.7 g/dL abdomen: low attenuation intraluminal tumor
10 cm × 5 cm superficially
compatible with small intestinal lipoma
ulcerated gastric lipoma. Mass
excised. Pathology: mature
adipose tissue
Nasa et al[28],
56 y. o. F with dyspepsia and
EGD: smooth 5-cm-wide antral bulge with Antrum and pylorus along lesser Did well and
2016
occasional vomiting for 1 yr. Mild
overlying normal mucosa. Positive cushion
curve
discharged.
epigastric tenderness
sign. Endoscopic biopsy: chronic active
Laparotomy: Excision of 6 cm
Asymptomatic
gastritis from Helicobacter pylori. EUS:
wide, encapsulated tumor along
at 6 mo
homogeneous, hyperechoic, mass arising
lesser curve of stomach
from layer 3 of gastric wall, compatible with
lipoma. Abdominal CT: homogeneous, 6-cmwide, oval mass in antropyloric region, with
density of fat
Treska et al[29], 61 y. o. M with intermittent vomiting UGI series: spherical, smooth, 4.0 cm × 4.5 cm Gastric antrum. Laparotomy: 7.0 Discharge 12 d
1998
for several days. History of gastric
defect in gastric antrum. EGD: protruding, cm × 6.0 cm tumor in prepylorus. postoperatively.
ulcer
yellowish tumor in prepylorus. Two ulcers
Tumor resection of lipoma with
No GI
N.A
above tumor. Abdominal ultrasound: 7 cm ×
performance of Billroth Ⅱ
symptoms 8 mo
6 cm × 5 cm echogenic defect in wall of gastric
after surgery
antrum. Abdominal CT: prepyloric intramural
lipoma
Lipoma discovered incidentally in work-up for other condition
Al Shammari
41 y. o. M presented for morbid
Abdominal ultrasound: liver span of 18.8 cm.
Antrum. Laparoscopy:
Discharged 4 d
et al[30], 2016
obesity with a BMI of 43.9 kg/m2 and EGD: rounded 3 cm × 3 cm mass in antrum
Intragastric submucosal mass postoperatively.
history of obstructive sleep apnea.
with normal overlying mucosa. Positive
excised from inside stomach after Asymptomatic
Normal routine blood tests
cushion sign. Abdominal CT: 3.5 cm × 3.0 cm gastrostomy. Sleeve gastrectomy
at 2 wk of
lesion in stomach suspicious for lipoma
then performed for morbid
follow-up
obesity. Pathology: 4 cm × 3 cm ×
2 cm lipoma
Hyun et al[31],
22 y. o. M who underwent abdominal
Abdominal CT: large gastric mass with
Surgical resection: 12 cm × 9 cm Doing well at 2
2002
CT as preoperative evaluation of
attenuation of fat projecting into gastric
× 2.5 cm mobile mass resected.
mo follow-up
retroperitoneum before orchiectomy
lumen. EGD: large, soft, sessile mass on
Pathology: Submucosal gastric
for testicular cancer. N.A
greater curve of stomach with overlying pink
lipoma
mucosa. Positive cushion sign. Endoscopic
biopsies: normal mucosa. EUS: Submucosal
mass with less echogenicity than expected for
lipoma
López - Zamudio 59 y. o. M who underwent abdominal
EGD: 8 cm long polypoid mass impeding
Surgery: 5 cm × 5 cm tumor in
No
et al[32], 2015
CT performed during episode
flow near pylorus. EGD biopsy: gastritis and anterior wall of gastric antrum.
postoperative
of acute alcoholic pancreatitis
incomplete intestinal metaplasia. Repeat
Underwent antroduodenectomy
surgical
revealed probable pyloroduodenal
EGD: greater curve posterior wall large
with gastroduodenal anastomosis complications.
intussusception of a tumor with
pedunculated polyp with central ulceration
and Roux-en-Y
Asymptomatic
attenuation suggestive of fat. Hgb =
Repeat EGD biopsies: chronic gastritis,
at 18 mo of
9.3 g/dL
focal ulceration intestinal metaplasia and
follow-up
Helicobacter pylori infection. EUS: 5.6 cm × 4.9
cm mass in gastric antrum in muscular layer
PMH: Previous medical history; GI: Gastrointestinal; y.o.: Years old; M: Male; F: Female; Hgb: Hemoglobin; BP: Blood pressure; EGD:
Esophagogastroduodenoscopy; CT: Computerized tomograph; EUS: Endoscopic ultrasound; UGI: Upper gastrointestinal; USD: Ultrasound; N.A: Not
applicable; NSAID: Nonsteroidal anti-inflammatory drug; WNL: Within normal limits; IV: Intravenous; MRI: Magnetic resonance imaging; RLQ: Right
lower quadrant; PTST: Post traumatic stress disorder; BMI: Body mass index.
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A

B

Figure 1 Findings at esophagogastroduodenoscopy in two patients with giant gastric lipomas. A: Patient 1. Esophagogastroduodenoscopy (EGD) in a
63-year-old male who presented with melena and a hemoglobin decline to 6.2 g/dL that required transfusion of 2 units of packed erythrocytes, showing the distal
body and antrum with a huge mass folded upon itself occupying most of the lumen and an 8 mm wide, nonbleeding, acute mucosal ulcer without stigmata of recent
hemorrhage embedded deep in the valley (fold) between the right and left parts of the mass. The ulcer was attributed to friction from the opposing surface. The mass
was 13-cm-wide, submucosal, yellowish, and covered by smooth mucosa except for focal ulceration, findings consistent with a gastric lipoma; B: Patient 2. EGD
in a 78-year-old-woman, who presented with melena for 3 d, orthostatic dizziness, and a hemoglobin decline to 7.1 g/dL requiring transfusion of 2 units of packed
erythrocytes, revealed an acute 1-cm-wide prepyloric ulcer (arrow) with a white exudate but without stigmata of recent hemorrhage between the right and left lobes of
a large, well-demarcated, submucosal, mass covered by otherwise normal, superficial mucosa. This endoscopic photograph shows only a part of the mass.

analyzed esophagogastroduodenoscopies (EGDs) at
two large hospitals.

further cases. These 2 cases were thoroughly reviewed
based on medical records, including re-review of
the original endoscopic photographs by an expert
endoscopist, radiologic images by an expert radiologist,
and pathologic slides by an expert pathologist. This
dual case report received exemption/approval by the
IRB at William Beaumont Hospital, Royal Oak, on
October 17, 2016.

MATERIALS AND METHODS
The literature was systematically reviewed using
PubMed for articles published since 1980 with the
following medical subject heading (MeSH) or keywords:
(“giant lipoma”) AND (gastric) OR [(“lipoma”) and
(“gastric”) and (“bleeding”)]; and by reviewing
the section on gastrointestinal lipomas in standard
pathology textbooks or monographs. Two authors
independently reviewed the literature, and decided by
consensus which articles to incorporate in this review.
[5]
After reviewing one case from 1974 , cases reported
before 1980 were selectively excluded because the
preoperative evaluation at the time frequently used
relatively obsolete tests such as UGI series and
often lacked currently mandatory tests such as EGD.
[9,11,13,32]
Four case reports, written in Spanish
, were
professionally translated into English. Case reports
of large gastric adenomas which did not satisfy the
minimal size criteria of giant gastric lipomas (≥ 4 cm)
[3,34]
were systematically excluded
. A video publication
was excluded because clinical details were not re
[35]
ported . A clinical series of 16 gastric lipomas were
excluded because this series lumped together medium[36]
sized and giant lipomas .
Computerized review of the pathology records at
William Beaumont Hospitals at Royal Oak and at Troy,
Michigan from January 2005-December 2015 using
the computerized system of PowerPath (Tamtron)
and SOFTPath with the software terms (“lipoma” or
“lipomas”) AND (“gastric” or “stomach”) revealed 2
cases of giant gastric lipomas. Computerized review
of the EGD reports using Provations did not reveal any
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Illustrative case reports

Case 1: A 63-year-old, nonalcoholic, man with a
medical history of hypertension treated with lisinopril,
amlodipine, and nifedipine, and hyperlipidemia treated
with lovastatin, presented with epigastric pain, early
satiety, and involuntary 10-kg-weight-loss during the
last 6 mo, and melena and dyspnea on exertion for 3
d. The vital signs were stable, with a blood pressure
of 144/74 mmHg, and pulse of 87/min. The abdomen
was soft, nontender, and without hepatosplenomegaly
or palpable masses. Rectal examination revealed
melena. The hemoglobin was 6.2 g/dL, blood urea
nitrogen was 27 mg/dL, and creatinine was 1.40
mg/dL. He had 496000 platelets/mL, a normal inter
national normalized ratio (INR), and normal partial
thromboplastin time (PTT). He was transfused two units
of packed erythrocytes.
EGD revealed a 13-cm-wide submucosal, yellowish,
gastric mass primarily in the antrum, covered by sm
ooth mucosa except for focal ulceration (Figure 1A),
and exhibiting the pillow sign, of indentation of the
mass with moderate pressure applied via a closed
[37,38]
forceps
. Microscopic examination of multiple
mucosal biopsies of the ulcer margin revealed superficial
ulceration, granulation tissue, and no malignancy.
Abdominal computerized tomography (CT) revealed
a well-circumscribed, homogeneous, 13.4 cm × 8.4

5625

August 14, 2017|Volume 23|Issue 30|

Cappell MS et al . Systematic review of giant gastric lipomas
soft, and non-tender, with normoactive bowel sounds,
and no organomegaly. Rectal examination revealed
melena. The hemoglobin was 7.1 g/dL, INR was 4.9,
platelet count was 306000/mL, and PTT was 42.5 s.
The blood urea nitrogen was 44 mg/dL and creatinine
was 1.8 mg/dL. An electrocardiogram revealed atrial
fibrillation without acute ischemic changes.
She was transfused 2 units of packed erythrocytes
and 2 units of fresh frozen plasma. Two-dimensional
echocardiography revealed mild mitral valve reg
urgitation, moderate-to-severe right atrial dilatation,
and severe tricuspid valve regurgitation. Abdominal CT
revealed a submucosal, antral, gastric mass measuring
9.5 cm × 6.0 cm × 4.5 cm. EGD revealed a large,
focally ulcerated, smooth, antral gastric mass,
exhibiting the cushion sign (Figure 1B). Microscopic
examination of multiple mucosal biopsies of the ulcer
margin revealed superficial ulceration, granulation
tissue, and no malignancy. The patient underwent
surgery due to the recent bleeding of the giant lipoma.
At laparotomy, the submucosal mass was excised by
distal gastrectomy. Gross pathology of the resected
mass revealed a relatively homogeneous, 9.0 cm
× 6.0 cm × 4.5 cm, focally ulcerated, mass with a
greasy, tan-yellow cut surface (Figure 3B), which
microscopically was a lipoma (Figure 4C and D). The
patient was discharged 5 d postoperatively with no
[37-39]
further GI bleeding
.

Δ

Figure 2 Abdominal computerized tomography findings in patient 1. A
63-year-old male (patient 1) presented with acute melena and hemoglobin
decline to 6.2 g/dL, and esophagogastroduodenoscopy revealed a huge,
submucosal mass with a smooth overlying surface and exhibiting the pillow
sign characteristic of a submucosal lipoma. Illustrated abdominal computerized
tomography shows an approximately 13.4 cm × 8.2 cm × 8.4 cm mostly
homogeneous, hypodense mass with a characteristic attenuation of fat (-90.2
Hounsfield units) extending from proximal gastric body through entire antrum.
The normal-appearing very proximal stomach is filled with oral contrast without
a mass, and leads to a very narrow, compressed, distal and dorsal, gastric
channel containing oral contrast that passes into the duodenum. Triangle: antral
giant gastric lipoma which has the characteristic hypodense attenuation of fat.

cm × 8.2 cm mass, with attenuation characteristic of
fat, arising from the gastric antrum and producing a
mass effect on the proximal duodenum (Figure 2). A
7-mm-wide lesion in the body of the pancreas was also
suspected to be a lipoma based on its characteristic
attenuation. The patient underwent laparotomy due
to the recent bleeding of the giant lipoma. It was
resected via subtotal gastrectomy extended by partial
bulbar duodenectomy due to lipoma extension into
duodenal bulb, with Billroth Ⅱ reconstruction. Gross
pathology revealed a homogeneous, soft, submucosal
mass with a cut surface exposing yellowish, greasy
tissue, measuring 14.5 cm × 8.7 cm × 7.5 cm (Figure
3A), which microscopically revealed lipoma (Figure
4A). Immunohistochemical staining revealed positivity
for CD34 (Figure 4B), a finding highly consistent
[39]
with a spindle cell variant lipoma . The patient was
discharged 8 d postoperatively, and had no com
plications during 8 wk of follow-up.

RESULTS
Systematic literature review revealed that giant gastric
lipomas are rare, with only 32 cases reported since
1980 (Table 1), and only 2 cases currently identified
among 117110 EGDs performed during 11 years at
William Beaumont Hospital, Royal Oak, one of the five
largest hospitals in the United States, and at William
Beaumont Hospital, Troy. The 32 reported patients
were on average 54.5 ± 17.0 years old. Thirty were
adult patients, and two were pediatric patients. Twentytwo were male, and 10 were female. Twenty-one
patients had an ulcerated mass. The lipomas averaged
7.9 cm ± 4.1 cm in maximal dimension. Lipoma
locations included antrum-17, body and antrum-4,
antrum intussuscepting into small intestine-3, gastric
body-2, fundus-1, and unspecified-5. This data
confirms previous reports that giant gastric lipomas
[40]
most commonly occur in the antrum . Intramural
locations included submucosal-22, subserosal-2, and
unspecified-8. This data confirms previous reports that
giant gastric lipomas are generally submucosal, but
[22,36]
occasionally subserosal
.
Nineteen patients presented with acute UGI bleeding,
including melena-11, hematemesis and melena-7, and
hematemesis-1. Giant lipomas can ulcerate and bleed
[14]
secondary to venous stasis , friction and trauma

Case 2: A 78-year-old, nonalcoholic, woman with
a medical history of atrial fibrillation, peripheral
neuropathy, hypertension, dyslipidemia, diabetes,
chronic renal insufficiency, and hysterectomy for
uterine fibroids, presented with melena for three days,
associated with fatigue and orthostatic dizziness.
Medications included warfarin, furosemide, metoprolol,
diltiazem, atorvastatin, pioglitazone, amitriptyline,
and glimepiride. Physical examination revealed stable
vital signs, with a blood pressure of 124/67 mmHg,
and pulse of 68/min. There was a heart murmur, and
bilateral 3+ lower extremity edema. The abdomen was
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A

B

Figure 3 Gross pathologic findings in gastrectomy specimens in two patients with giant gastric lipomas. A: Patient 1. Patient 1 presented with acute melena
and hemoglobin decline and had an ulcer detected at esophagogastroduodenoscopy (EGD) within a huge, lipomatous gastric mass. Gross pathologic view of the
gastrectomy specimen after it is opened to expose the luminal surface shows a well-circumscribed, lobulated, 14.5 cm × 9.0 cm × 7.5 cm lipomatous mass extending
from the gastric body (left) to antrum (right). A small ulcer (round depression, arrow) is present on the mucosa overlying the lipomatous mass. Normal gastric rugae
are present above the mass on the upper left, but have been effaced on the upper right, likely because of chronic compression/pressure from the giant lipomatous
mass located below (on the contralateral gastric wall before opening the stomach). Vertical incisions show a homogeneous yellow-tan cut surface, indicative of a
lipomatous tumor; B: Patient 2. Patient 2 presented with melena for 3 d, orthostatic dizziness, and a hemoglobin decline to 7.1 g/dL requiring transfusion of 2 units
of packed erythrocytes and had at EGD a large, yellowish, smooth, well-circumscribed antral mass. Gross pathologic view of distal gastrectomy specimen after it is
opened to expose the luminal surface shows normal gastric antral tissue at left and a lobulated, well-circumscribed, yellow-tan, 9.0 cm × 6.0 cm × 3.5 cm lipomatous
tumor at right, with a deep, clean-based, ulcer (arrow) on the mucosa overlying the mass.

A

C

B

D

Figure 4 Histopathologic findings in gastrectomy specimens in two patients with giant gastric lipomas. A: Patient 1-standard histochemistry. Medium
power photomicrograph of a hematoxylin and eosin stain of a tissue section from the resected gastric mass in patient 1 reveals large adipocytes filled with clear,
homogeneous, cytoplasm and tiny, compressed, peripheral nuclei. No lipoblasts are detected. Note the spindle-shaped stroma surrounding the adipocytes,
findings consistent with spindle cell lipoma, as proven by immunohistochemistry (B); B: Patient 1-immunohistochemistry. Medium power photomicrograph of
immunohistochemistry, using an antibody to CD34, reveals within tumor in patient 1 extensive staining in a spindly pattern of the stroma surrounding characteristically
clear adipocytes, a characteristic staining pattern for spindle-shaped lipoma; C: Patient 2-standard histochemistry-low power. Low power photomicrograph of a
hematoxylin and eosin stain of a tissue section from resected gastric mass in patient 2 reveals a well-circumscribed, submucosal layer composed of adipocytes with
clear cytoplasm (arrow) and scant loose, myxoid stroma; D: Patient 2-standard histochemistry-medium power. Medium power photomicrograph of a hematoxylin
and eosin stain of a tissue section from resected gastric mass in patient 2 reveals sheets of large, adipocytes filled with clear, homogeneous, cytoplasm and tiny,
compressed, peripheral nuclei, with scant loose, myxoid stroma. No lipoblasts are detected. These histologic findings are characteristic of lipomas.
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53.8 ± 19.6 yr
9.3 cm ± 3.1 cm
-

-

mean ± SD of parameter in
patients without bleeding

54.9 ± 15.5 yr
7.1 cm ± 4.4 cm

mean ± SD of parameter in
patients with bleeding
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12/19 (63.2)
16/19 (84.2)

10/13 (76.9)
4/13 (30.8)

-

Patients with bleeding: n with ulcer/
Patients without bleeding: n with
total n (% with parameter)
parameter/total n (% with parameter)

0.47
0.004

0.87
0.16

P value

0.51
12.0

NA
NA

OR

0.08-3.17
1.72-101.9

NA
NA

95%CI

Fisher’s exact test

χ test

2

Student’s t test
Student’s t test

Statistical test

of the lipoma tip against the wall contralateral to the lipoma attachment site, or, least likely, from outgrowing their blood supply. Among 19 patients presenting with
acute GI bleeding, the hemoglobin on admission averaged 7.5 g/dL ± 2.8 g/dL (unavailable in 2 patients). Symptoms in the 19 patients included: weakness/fatigue-6,
abdominal/epigastric pain-4, nausea and vomiting-4, epigastric fullness/early satiety-3, dizziness/presyncope-2, and belching-1. Signs included: pallor-7, epigastric
tenderness-3, epigastric mass-3, tachycardia-2, and one each with diaphoresis or hypotension. Among four analyzed variables including age, sex, lipoma size, and
lipoma ulceration, only lipoma ulceration was statistically significantly different (more common) in patients presenting with UGI bleeding, than in patients with other
presentations (p = 0.004; Table 2). This difference emphasizes the importance of lipoma ulceration in the pathogenesis of bleeding.
Five patients presented predominantly with abdominal pain, without acute UGI bleeding, including 2 presenting with iron deficiency anemia. Additional symptoms
in these 5 patients included early satiety-2, and anorexia-1. Five patients presented with nausea and vomiting. These patients had additional symptoms including
dyspepsia/abdominal pain-3, weight loss-2, anorexia-1, and early satiety-1. Three patients had asymptomatic giant gastric lipomas incidentally detected: by EGD
before bariatric surgery for morbid obesity; by abdominal CT in the evaluation of testicular cancer; and by abdominal CT for severe acute pancreatitis.
Thirty-one of the 32 patients underwent EGD (one other patient, see Methods section). EGD is standardly performed preoperatively to characterize the anatomy
and show characteristic endoscopic features of lipomas. However, EGD frequently fails to obtain diagnostic tissue due to failure of superficial mucosal biopsies to
reach submucosa. Among 12 patients in whom endoscopic biopsy results were reported in the present review, only 1 (8.3%) had lipoma diagnosed pathologically by
[18]
endoscopic biopsies . Pathologic findings in the other 11 reported biopsy specimens included chronic or nonspecific inflammation, gastritis, and normal or necrotic
tissue. Repeated biopsies at the same site (well technique) may increase somewhat the diagnostic yield of endoscopic biopsies. Repeated or deep biopsies at EGD may
[41,42]
expose yellow fat from the lipoma, a finding called the “naked fat” sign
. In the tenting sign observed at EGD the superficial mucosa retracts from the submucosal
mass when it is grasped with a forceps because the submucosal lipoma has a fibrous capsule and does not infiltrate into the mucosa. Submucosal lipomas tend to be
smooth except for focally ulcerated areas.
[20]
CT is currently the standard imaging modality. Lipomas are identified by having an attenuation ranging from -70 to -120 Hounsfield units, characteristic of fat density .
Twenty (95.2%) of 21 patients undergoing abdominal CT had CT findings highly suspicious for lipoma, and the other one had diagnostically helpful findings. CT findings
consistent with a lipoma include: a well-circumscribed, submucosal, and homogeneous, mass with an attenuation characteristic of fat. Seven patients underwent
[4-6,13,18,26,29]
upper gastrointestinal series which revealed mass size, mass location, and a smooth superficial layer, but did not show characteristic features of lipomas
. All
7 patients undergoing UGI series were reported in publications from 1998 or before, whereas only 4 of 21 patients undergoing CT were reported in publications from
1998 or before (17 CTs reported in publications from 1999-2016) (p < 0.00001, OR > 3.53, Fisher’s exact test). This difference is consistent with replacement of UGI
series by EGD and abdominal CT which provide superior characterization. In 9 (82%) of 11 cases abdominal ultrasound showed features suspicious for lipomas of a
[4,9,11,16,19,20,22,26,27,29,30]
well-demarcated, submucosal, hyperechoic lesion, but the lesion was missed in 2 cases
. These results are consistent with abdominal ultrasound
being a cheaper, but less definitive test than abdominal CT for giant gastric lipomas.

UGI: Upper gastrointestinal; P: Probability; NA: Not available.

Continuous variables
Patient age
Lipoma size
Dichotomous variables
Male sex
Ulcer overlying lipoma

Parameter

Table 2 Risks factors for upper gastrointestinal bleeding among 32 patients with giant gastric lipomas
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In 4 (80%) of 5 cases, endoscopic ultrasound
(EUS) showed characteristic findings of a lipoma of a
hyperechoic, well-localized, submucosal mass, but in
[17,24,28,31,32]
one case the findings were atypical
. EUS is
[22,43]
useful to identify the primary wall layer of lipomas
.
The currently reported findings are consistent with EUS
being an important adjunct test when abdominal CT
is non-diagnostic, when a tissue diagnosis is needed
preoperatively because of non-diagnostic EGD biopsies,
or prior to endoscopic mucosal resection. Both patients
undergoing abdominal magnetic resonance imaging
(MRI) had important findings showing tumor anatomy
[16,20]
and exhibiting signals characteristic of fat
.
Therapy was successful in all 32 patients including
laparotomy with full-thickness resection of gastric wall
containing tumor either via wedge resection, partial
gastrectomy, Billroth I resection or other surgery-26;
laparotomy with enucleation-2; laparoscopic transgastric
resection-2; endoscopic mucosal resection-1, and
successful laparotomy with polypectomy after un
successful, attempted endoscopic polypectomy-1. No
patient suffered major postoperative or postprocedural
complications. No patient died from GI bleeding
from the lipoma, from the surgery, or from endoscopic
therapy.
When GI bleeding or gastric obstruction are ass
ociated with a large, ulcerated gastric mass, gastric
malignancy may be suspected. It is critical to
preoperatively exclude liposarcomas from giant
lipomas because liposarcomas require further genetic
analysis of pathologic specimens, and chemotherapy
[44]
after surgical resection . Lipomas have welldemarcated margins on radiologic imaging due to
the presence of a fibrous capsule. They are welldifferentiated, devoid of lipoblasts, and grow slowly.
Liposarcomas have a densitometry close to normal
[20,45]
submucosal tissue at abdominal CT
, and are
definitively diagnosed by MDM2 and CDK4 gene
[21,26]
amplification
. Other tumors in the differential
diagnosis of giant lipomas include GI stromal tumors,
such as leiomyoma and fibroma; and rarely intramural
tumors, such as neurilemoma, adenomyoma, Brunner’s
[22]
gland adenoma, and heterotopic pancreas .
Treatment for lipomas is not standardized. They
are often resected endoscopically when < 4-6 cm, and
[14,22]
surgically when > 6 cm
, but endoscopy has been
[25]
used to resect up to 9-cm-wide gastric lipomas .
Lipomas may sometimes be resected by enucleation
because they are encapsulated. Resection via subtotal
gastrectomy entails much greater morbidity from
potential complications of anastomotic leakage,
duodenal stump rupture, obstruction, hemorrhage,
decreased acid production, delayed gastric emptying,
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gastroesophageal reflux, and vitamin B12, folate, iron,
[24]
or calcium deficiencies .

DISCUSSION
The current literature review demonstrates characteristic
findings of giant gastric lipomas at EGD, abdominal
CT, EUS, and immunohistochemistry, as summarized
[3,8,14,18,20,22,36-38,40-42,47-52]
in Table 3
. The two currently
reported cases illustrate characteristic features of giant
gastric lipomas: frequently presenting with acute UGI
bleeding which is often severe and life-threatening,
characteristic endoscopic features, characteristic CT
findings, pathologic findings indicating benignity, and
excellent post-operative prognosis with rare major
morbidity or mortality.
The current case reports are limited by retrospective
analysis, and by only reporting 2 cases due to
disease rarity. The current literature review is likewise
limited first, by consisting of single case reports due
to syndrome rarity; and second, by retrospectively
reporting of case reports. Individually reported cases
may be subject to selection bias with preferential
reporting of more clinically dramatic or more successful
therapeutic interventions. Third, cases from different
centers reported somewhat variable clinical data,
such as variable follow-up and variable imaging tests
(e.g., abdominal CT vs MRI). Fourth, the evaluation of
lipomas has evolved over time due to development of
better diagnostic tests. This effect was minimized by
excluding cases reported before 1980. Fifth, imaging
tests were interpreted by various radiologists and
pathology specimens were interpreted by various
pathologists at various hospitals in the prior case reports.
In conclusion, this systematic literature review
provides a comprehensive analysis to help optimize
the evaluation and management of suspected giant
gastric lipomas. CT and EGD are the standard tests
to evaluate suspected giant gastric lipomas. When
giant gastric lipomas are identified at abdominal CT
by characteristic findings of a homogeneous, wellcircumscribed, submucosal mass with characteristic
attenuation of fat, EGD with biopsies should be
performed, but the endoscopic biopsies may be nondiagnostic. EUS with deep biopsies may be performed
to obtain a definitive diagnosis if biopsies from EGD
are non-diagnostic. Liposarcoma should be excluded
by cytogenetic analysis when necessary. If lipoma is
confirmed, endoscopic resection of only the lipoma
and its fibrous capsule may be feasible for small-tomoderate sized lesions, with subtotal gastrectomy
reserved for especially large lipomas.
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Table 3 Distinctive features of giant gastric lipomas
Test/technique/parameter
Age
Gender ratio
Lipoma size
Most common clinical
presentation

EGD

Distinctive characteristic
Average age = 54.5 ± 17.0 years old
Male-to-Female ratio approximately 2:1
Average maximal dimension =
7.9 cm × 4.1 cm
19 of 32 presented with acute UGI bleeding

Smooth bulge covered by normal mucosa

Pathophysiology

Ref.

Unknown (sexual hormones?)

Current Report
Current Report
Current Report

Postulated from ulcer at tip of
lipoma caused by rubbing/trauma of
tip against gastric wall contralateral
to base of lipoma
Submucosal (or occasionally
subserosal) location. No tumor
invading mucosa due to benignity

Most commonly located in gastric antrum
Yellowish hue

Yellow color of adipose tissue in
submucosa transmitted to mucosal
surface
Broad base
Rarely pedunculated
Cushion or pillow sign: easily deforms like a Lipoma consists of soft, compressible
cushion with mild pressure applied against it
tissue.
by an endoscopic probe
(closed biopsy forceps).
Tenting sign: Mucosa easily retracts after it is Mucosa separates from submucosa
grasped and gently pulled with a forceps
when gently pulled via forceps
because lipoma has fibrous capsule
and does not infiltrate into adjacent
tissue
Naked fat sign: repeated biopsies at same site Multiple biopsies at same site (using
reveals yellow fatty tissue
well technique) exposes submucosal
lipomatous tissue
Moderately frequent focal central ulceration
Likely secondary to giant lipoma
of mucosa
abutting and rubbing against
contralateral gastric wall. Ischemia
may also contribute to ulceration.
Highly useful diagnostic
Typically strongly suggestive of diagnosis
Demonstrates anatomy of mass.
test for lipomas
Shows if ulcerated or intussuscepting
mass. Characteristic findings: yellow
hue, smooth overlying mucosa,
relatively homogeneous, round
margins. Exhibits pillow, tenting or
naked fat signs.
Endoscopic biopsies
Standard endoscopic biopsies usually reveal
Standard endoscopic biopsies
only normal mucosa and insensitive for
typically sample superficial mucosa
pathologic diagnosis.
and miss deeper submucosal lipoma.
Techniques to increase yield of endoscopic
Repeated biopsies at same site
biopsies; use jumbo forceps for endoscopic
permits sampling of deeper
biopsies; or well technique (repeated
(submucosal) tissue
endoscopic biopsies at same mucosal site).
Abdominal CT
Submucosal mass
Typically submucosal, occasionally
subserosal, and never mucosal.
Well-circumscribed with well-defined edges Characteristically has a firm fibrous
capsule with no invasion through
capsule due to benignity
Typically solitary
Multiple gastric lipomas are very
rare
Homogeneous
Composed of homogeneous
lipocytes
Densitometry of -80 to -120 HU
Characteristic of adipose tissue
(Hounsfield units).
Highly useful as diagnostic Demonstrates characteristic findings in about
Characteristic findings: welltest for gastric lipomas
95% of cases.
circumscribed, submucosal,
homogeneous mass with an
attenuation characteristic of fat.
EUS
In third layer of gastric wall
Typically submucosal
(rarely subserosal)
Hyperechoic (bright)

WJG|www.wjgnet.com

5630

Current Report

Neto et al[22], 2012, Thompson et al[36],
2003
Thompson et al[36], 2003, Menon et al[40],
2014
Menon et al[40], 2014, Chen et al[41], 2014

Singh et al[18], 1987
De Beer et al[37], 1975, Hwang et al[38],
2005

Priyadarshi et al[14], 2015

Chen et al[41], 2014, Patrick et al[42], 2007

Kumar, et al[8], 2015, Thompson et al[36],
2003

Current Report

Current Report, Neto et al[22], 2012

Wang et al[47], 2015

Beck et al[3], 1997
Thompson et al[36], 2003

Park et al[48], 1999, Skinner, et al[49], 1983
Park et al[48], 1999, Alkhatib et al[50], 2012
Alberti et al[20], 1999
Current Report

Chen et al[43], 2011
Alkhatib et al[50], 2012, Eckardt et al[51],
2012
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EUS-guided needle biopsy EUS guidance used to obtain diagnostic deep Deep biopsies permit sampling of
or endoscopic mucosal
(submucosal) biopsies
submucosal lipomas
resection
Transcutaneous abdominal
Not very useful for gastric lipomas.
Supplaned by abdominal CT or EUS
ultrasound
for evaluating suspected gastric
lipomas
Upper gastrointestinal
Mostly obsolete test
CT is a superior alternative
series
Histopathology
Diagnostic features
Rounded, plump cells with
abundant clear, homogeneous
cytoplasm containing fat, eccentric
nuclei, mature adipocytes with
no lipoblasts, scant stroma, rare
inflammatory cells.
Imunohistochemistry
Reveals no MDM2 or CDK4 gene
Distinguishes lipoma from
amplification.
liposarcoma.
Immunohistochemistry
Lipoma stains positively for CD4
Indicates spindle-cell lipoma variant

Alkhatib et al[50], 2012, Karaca et al[52],
2010
Current Report

Current Report
Current Report

Shimada et al[45], 2006, Boltze et al[46],
2001
Lau et al[39], 2015

UGI: Upper gastrointestinal; EGD: Esophagogastroduodenoscopy; CT: Computerized tomography; EUS: Endoscopic ultrasound.

lipomas, these case reports generally incorporate limited literature reviews. The
present work differs in that it provides a systematic review of the literature. The
present work also reports 2 new cases of giant gastric lipomas in a review of
117110 EGDs performed during 11 years at two large teaching hospitals.

COMMENTS
COMMENTS
Background

Gastric lipomas are rare, constituting < 1% of all gastric tumors, and giant
gastric lipomas ( ≥ 4 cm) are extremely rare, with this systematic review
identifying only 32 cases reported since 1980. Although small gastric lipomas
are usually asymptomatic, giant gastric lipomas typically produce major,
clinically important, symptoms from GI obstruction, tumor ulcers, or upper
gastrointestinal bleeding. Due to its extreme rarity, all prior studies of giant
gastric lipomas have comprised single case reports. The individual case reports
are scattered among numerous, and sometimes obscure, journals. This work
systematically reviews the literature since 1980, to comprehensively report what
is known about this disease and to inform clinicians and clinical researchers
what is not known or controversial about this disease.

Applications

This work provides the following highly clinically relevant conclusions: (1)
standard evaluation for suspected giant gastric lipomas should include EGD
to demonstrate the characteristic endoscopic findings of yellowish hue, welldemarcated margins, smooth overlying mucosa, and endoscopic cushion,
tenting, or naked fat signs; (2) at EGD a submucosal mass that is a suspected
lipoma should be biopsied, even though the yield of superficial endoscopic
biopsies in pathologically diagnosing a gastric lipoma is relatively low. The
diagnostic yield of biopsies at EGD may be increased by using jumbo forceps
for the biopsies, or by repeated biopsies at the same site (“well” or biopsy-onbiopsy technique); (3) abdominopelvic CT is a standard test in the evaluation of
suspected giant gastric lipomas to demonstrate the characteristic CT findings of
a giant gastric lipoma of a well-circumscribed, submucosal, and homogeneous
mass with characteristic attenuation of fat; (4) upper gastrointestinal (UGI)
series is now generally considered an obsolete test for evaluation of suspected
giant gastric lipomas and should be replaced by EGD; (5) conventional
abdominal ultrasound is not the preferred test for highly suspected giant gastric
lipomas, and should be replaced for this indication by abdominopelvic CT.
However, abdominal ultrasound may be a very useful initial imaging test for
numerous abdominal conditions in which giant gastric lipoma is in the differential
diagnosis; and (6) due to scant data about this rare lesion, and absence of
prospective, controlled, therapeutic trials there is no universally accepted
standardization of preferred therapies for giant gastric lipomas. Reported
therapies include endoscopic mucosal resection, laparoscopic transgastric
resection, laparotomy with enucleation, laparotomy with full-thickness wedge
resection, and laparotomy with partial gastrectomy and gastric reconstruction.
All the reported therapies result in a highly favorable prognosis with no reported
mortality among the 32 currently reviewed cases and rare severe morbidity
because this tumor is benign, is characteristically biologically nonaggressive,
and is well-encapsulated that renders it readily amenable to resection. There
is recent interest on selecting less invasive techniques for lesion removal,
including endoscopic mucosal resection or laparoscopic removal, as opposed
to the traditional laparotomy for removal. This systematic review shows that
further research is needed on the optimal therapy for giant gastric lipomas, and
on individualizing the therapy according to the clinical presentation.

Research frontiers

A systematic review is important to collate all the prior data presented as case
reports to establish what is known about the clinical evaluation (tests) for
this disease. This systematic review demonstrates that the standard clinical
evaluation should include: (1) abdominopelvic computerized tomography (CT)
to demonstrate the characteristic CT findings of a giant gastric lipoma of a wellcircumscribed, submucosal, and homogeneous mass with attenuation of fat;
and (2) esophagogastroduodenoscopy (EGD) to demonstrate the characteristic
endoscopic findings of these lesions of yellowish hue, well-demarcated
margins, smooth overlying mucosa, and endoscopic cushion, tenting, or naked
fat signs.
This systematic review demonstrates that the following tests are
nonstandard or generally obsolete tests: (1) upper gastrointestinal series has
been superseded by EGD and should only be performed in highly unusual
circumstances; and (2) traditional abdominal ultrasound has been largely
superseded by abdominopelvic CT which is a better diagnostic test for this
condition, and the traditional abdominal ultrasound should be performed only if
the differential diagnosis is broad and not specifically directed at documenting a
giant gastric lipoma.
This work systematically reviews several clinically important but
controversial topics, including: (1) the role of endoscopic ultrasound: this
work shows that conventional mucosal endoscopic biopsies frequently result
in a non-diagnostic pathologic diagnosis because giant gastric lipomas are
generally submucosal, and therefore endoscopic ultrasound with ultrasoundguided needle biopsies may be necessary if preoperative tissue diagnosis is
not obtained by conventional mucosal endoscopic biopsies; and (2) the relative
roles of the available therapies: endoscopic mucosal resection, laparoscopic
transgastric resection, laparotomy with enucleation, laparotomy with fullthickness wedge resection, and laparotomy with partial gastrectomy and gastric
reconstruction.

Terminology

The term giant gastric lipomas refers to gastric lipomas ≥ 4 cm in diameter.
The distinction of size ≥ 4 cm vs size < 4 cm is clinically important because
gastric lipomas ≥ 4 cm generally produce major clinical symptoms from GI
obstruction, tumor ulcers, or upper gastrointestinal bleeding, whereas smaller
lesions are usually asymptomatic or produce minor symptoms. Furthermore,
lesion size often affects the selected therapeutic modality, with lipomas < 4 cm

Innovations and breakthroughs

While several case reports have recently been published on giant gastric
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in diameter often removed endoscopically and lipomas ≥ 4 cm in diameter
generally removed surgically.
18

Peer-review

This is a very important review paper of the main characteristics of the giant
gastric lipomas studied in one Hospital through 10 years of study and follow-up.
The diagnosis is very well stablished and also the treatment and prognosis.
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Core tip: Acute colonic pseudo-obstruction is associated
with considerable morbidity and mortality, though the
underlying pathophysiology remains poorly understood.
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abstract for inclusion, with subsequent acquisition of
full texts. The reference lists of included papers were
manually searched, and a hand search of the scientific
literature was performed to identify additional relevant
publications.
Non-English articles were excluded. There were no
exclusion limits by study design; both primary research
and review articles were eligible. Full-text articles
were evaluated for evidence addressing the definition,
epidemiology, risk factors, aetiology and pathogenesis
of ACPO. Clinical management has recently been
[7-9]
reviewed in depth , and was beyond the scope of
this study, though pathophysiological hypotheses
drawn from this evidence were evaluated. A narrative
synthesis of the identified evidence was undertaken.

An abundance of risk factors and associated conditions
have been identified, strongly suggesting a multi
factorial origin, and likely culminating in an imbalance
in autonomic nervous supply to the colon. Future
areas for research are identified and may allow for
the development of novel therapeutic or preventative
strategies.
Wells CI, O’Grady G, Bissett IP. Acute colonic pseudoobstruction: A systematic review of aetiology and mechanisms.
World J Gastroenterol 2017; 23(30): 5634-5644 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i30/5634.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i30.5634

INTRODUCTION

RESULTS

Acute colonic pseudo-obstruction (ACPO) is a rare
condition characterised by acute colonic dilatation
in the absence of mechanical obstruction. It was
first described by Sir William Ogilvie in 1948, in two
patients with malignant infiltration of the pre-vertebral
[1]
ganglia .
ACPO usually occurs in hospitalised patients
with severe illness or trauma, or following general,
orthopaedic, neurosurgical, gynaecological or other
surgical procedures, with an estimated incidence of
100 cases per 100000 admissions and a mortality
[2,3]
rate of 8% . Colonic ischaemia or perforation occurs
in up to 15%, and is associated with an estimated
[4-6]
40% mortality . Therefore, early recognition and
appropriate therapy are important determinants of
[2]
prognosis .
The pathophysiology underlying ACPO is poorly
understood, with the prevailing hypothesis being an
[2,4]
imbalance in colonic autonomic innervation . Progress
has been limited by a rudimentary understanding
of the complex processes regulating colonic motility
patterns, the lack of specific animal models for ACPO,
and the poor quality of evidence arising from case
reports and uncontrolled case series.
An improved understanding of the mechanisms
underlying ACPO may aid the development of novel
management strategies for this condition. Therefore,
the aim of this systematic review was to critically review
the literature addressing the definition, epidemiology,
risk factors, aetiology and pathophysiology of ACPO
with a view to informing knowledge gaps and identifying
priority areas for future research.

Definitions of ACPO

ACPO is characterised by acute colonic dilatation in the
absence of intrinsic mechanical obstruction or extrinsic
[10]
inflammatory process . ACPO should be distinguished
from other acute conditions, such as toxic megacolon,
which may have inflammatory or infective causes, as
well as chronic intestinal pseudo-obstruction (CIPO)
and other causes of megacolon.
Many overlapping terms have been used in the
literature to describe ACPO since its original descrip
tion, reflecting the uncertainly regarding its precise
aetiology (Table 1). The term “intestinal pseudo[11]
obstruction” was first proposed by Dudley in 1958 ,
[4]
with “ACPO” not appearing for another twenty years .
Use of “Ogilvie’s syndrome” has been discouraged
[12]
due to ambiguity regarding its meaning , though
considerable heterogeneity in terminology still exists in
[3,13,14]
recent literature
.
Inconsistent terminology has contributed to in
consistency in research and reporting. No standardised
clinical definition or diagnostic criteria for ACPO were
[15]
identified , preventing reliable synthesis of data on
[7,8]
risk factors or therapeutic strategies . Some studies
failed to distinguish ACPO from CIPO and other forms
[10,16]
of megacolon
, despite these being distinct entities
[17,18]
with different mechanisms and therapies
.

Epidemiology

ACPO is uncommon, with an identified incidence of
approximately 100 cases per 100000 inpatient admi
[3]
ssions . A recent US study reported a declining
mortality rate associated with ACPO from 9.4% in
1998 to 6.4% in 2011, although over-diagnosis may
[3]
have contributed ; historically mortality rates were
[4]
as high as 30% . Colonic perforation and ischemia
occur in 10%-20%, with an associated mortality
[2,4]
of up to 45% . Rates of surgical and endoscopic
intervention have declined in recent decades, due to
an increasing focus on conservative management and
[3]
pharmacological therapy with neostigmine .
ACPO disproportionately affects elderly and

MATERIALS AND METHODS
A systematic search of the Ovid MEDLINE and Embase
databases was performed from inception to 25 May
2017, using the search terms “Ogilvie’s syndrome”,
“pseudoobstruction”, and “pseudo obstruction”.
Google Scholar was also searched using free text
entries. Identified articles were screened by title and
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[23]

on colonic motor function
(Figure 1). However, few
published studies were found directly investigating the
pathophysiological mechanisms underlying ACPO, with
the majority of evidence inferred from basic physiology
and other disease states such as post-operative ileus
(POI). No animal models of ACPO were identified.
Normal colonic motor activity is regulated at several
levels; (1) colonic smooth muscle; (2) pacemaker
activity generated by interstitial cells of Cajal (ICC); (3)
intrinsic control via the enteric nervous system (ENS);
(4) prevertebral and spinal reflex arcs; and (5) extrinsic
modulation by the autonomic nervous system and
hormonal systems. Being a “functional obstruction”,
ACPO is presumed to result from aberrations in colonic
motor activity, though physiological data specifically
characterising these abnormalities was not identified.

Table 1 Terms found used to describe acute colonic pseudoobstruction
Term

Ref.

Large intestine colic
[1]
Ogilvie’s syndrome
[4, 153, 155-157]
Pseudo-megacolon
[158]
Adynamic ileus
[159, 160]
Paralytic ileus
[14, 142]
Functional obstruction of the intestinal tract
[161]
Idiopathic large bowel obstruction
[154]
Colonic ileus
[160, 162-164]
Intestinal pseudo-obstruction
[11, 111, 146, 165, 166]
Non-mechanical large bowel obstruction
[167]
Pseudo-obstruction of the large bowel, pseudo- [23, 86, 140, 141, 168,
obstruction of the colon
169]
Acute colonic pseudo-obstruction
[4]
Non-obstructive colonic dilatation
[170, 171]
Malignant ileus
[144]
Cecal ileus
[164]
Acute megacolon
[81, 172]

Autonomic imbalance

Altered extrinsic regulation of colonic function by the
sympathetic and parasympathetic nervous systems
is the most commonly suggested mechanism for
[10,24-29]
ACPO
. This mechanism was first postulated by
Ogilvie, who proposed a “sympathetic deprivation” of
[1]
the colon . Current theory favours a relative excess
of sympathetic over parasympathetic tone, though it is
unclear whether this is due to increased sympathetic
activity, reduced parasympathetic signalling, both, or
either. The prevailing hypothesis remains that ACPO
is the result of reduced parasympathetic innervation
to the distal colon, leading to an atonic segment
[2,10,27,28,30-32]
and functional obstruction
; however no
published physiological data was found to directly
[28,29]
support or refute this claim
.
The colon receives sympathetic innervation from
the prevertebral ganglia (proximally via the superior
mesenteric ganglion; distally via the inferior mesenteric
ganglion). Nerve fibres follow the respective arterial
[33]
routes , and the proximal colon appears to have a
[23]
richer sympathetic innervation . The parasympathetic
supply to the mid-gut is via the vagus nerve while
the hind-gut is innervated by sacral parasympathetic
[33]
outflow (S2-4) , although animal studies have
demonstrated some overlap between these dis
[34]
tributions . The transition point from distended
to normal colon in ACPO usually occurs near the
[2,10,35]
splenic flexure
, where there is a transition in the
innervation for both sympathetic and parasympathetic
supply to the colon, supporting autonomic imbalance
as a key step in pathogenesis.
Most patients with ACPO are unwell with major
illness, therefore having increased systemic sympathetic
[23,36,37]
drive
, potentially contributing to autonomic
imbalance at the level of the colon. Other reported
cases have involved pathology potentially disrupting
the autonomic supply to the colon, such as retro
[38,39]
peritoneal tumours or haemorrhage
. Interestingly,
ACPO cannot be reproduced in humans or animals by
[40,41]
splanchnic or pelvic nerve transection
, thus the
pathogenesis appears more complex than excess or

Table 2 Prevalent medical and surgical risk factors for acute
colonic pseudo-obstruction
Category

Risk factors

Surgical

Cardiac surgery, solid organ transplantation,
major orthopaedic surgery, spine surgery
Shock, myocardial infarction, congestive heart
failure, chronic obstructive pulmonary disease
Dementia, Parkinson’s disease, Alzheimer’s
disease, stroke, spinal cord injury
Electrolyte imbalance, diabetes, renal failure,
hepatic failure
Opiates, anti-Parkinson agents, anticholinergics,
antipsychotics, cytotoxic chemotherapy, clonidine
Caesarean section, normal vaginal delivery,
instrumental delivery, preeclampsia, normal
pregnancy, pelvic surgery
Varicella-zoster virus, herpes virus,
cytomegalovirus
Major burns/trauma, severe sepsis, idiopathic

Cardiorespiratory
Neurological
Metabolic
Medications
Obstetric/
gynaecological
Infectious
Miscellaneous

comorbid patients; often those with an acute illness
on a background of chronic cardiac, respiratory or
neurological disease. ACPO also occurs following
general, orthopaedic, neurosurgical, cardiothoracic and
[19]
[2]
gynaecological procedures . Vanek et al reported
400 cases of ACPO, with approximately 50% resulting
from acute medical illness and 50% from post-surgical
patients. Incidence rates have been described in spinal
[13,20]
or orthopaedic surgery (1%-2%)
, cardiac bypass
[21]
[22]
(up to 5%) , and following burn injuries (0.3%) .
An abundance of other conditions associated with
ACPO were found to have been reported in the
literature, the most common of which are summarised
(Table 2).

Pathophysiology

Review of the literature revealed a vast array of risk
factors for ACPO, supporting a multifactorial aetiology
with several pathways leading to a common effect
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Potentiates

Chronic disease
Cardiovascular
Neurological
Respiratory

Severe systemic
illness

Colo-colonic
reflex arcs

ICC/ENS
dysfunction

Inflammatory
response
Electrolyte disturbances
Renal failure

Operative insult

Medications
Opiates
Anticholinergics
Antipsychotics

Impaired/altered
colonic motility

Increased
sympathetic drive

Distal obstruction
Proximal dilatation

Autonomic
imbalance

Acute colonic
Pseudo-obstruction

Reduced
parasympathetic
activity

Dilatation
Obstruction
Ischaemia
Perforation

Figure 1 Pathophysiological factors that have been implicated in the development of acute colonic pseudo-obstruction. ICC: Interstitial cells of Cajal; ENS:
Enteric nervous system.
[10,53]

case reports as evidence for this mechanism
,
though it is difficult to ascertain whether this is due to
disruption of the efferent limb of these reflex arcs, or
simply reduction in the extrinsic sympathetic supply
to the colon. Furthermore, epidural anaesthesia has
been implicated as both a cause of and a therapy
[18,53,54]
for ACPO
. The lack of high-quality evidence
identified in this area makes it difficult to determine
the effects of spinal or ganglionic blockade in ACPO
and the precise role of the colo-colonic inhibitory
reflex.

deficiency of sympathetic or parasympathetic activity
alone.
Neostigmine is an acetylcholinesterase inhibitor and
parasympathomimetic commonly used in management
of ACPO, further supporting autonomic imbalance as
a key pathophysiological mechanism. Early studies
investigated use of guanethidine, a sympatholytic,
[42]
followed by neostigmine . Guanethidine was later
[43]
shown ineffective , while neostigmine has been
[7,44-46]
proven efficacious in several randomised trials
.
Prior studies have shown that parasympathetic
stimulation with neostigmine triggers colonic high
amplitude propagating sequences (HAPS) in both
[47,48]
dogs and humans
, which has been proposed as
a possible mechanism for its decompressive effect in
[49]
the functionally obstructed colon . However, HAPS
primarily arise in the proximal colon, and it is unknown
what effect neostigmine has on other prominent
colonic motor activity such as cyclic events, or the role
[50]
of these events in ACPO .

Intrinsic colonic dysfunction

ICC are the pacemaker responsible for generating
electrical slow waves, which are modulated by the
ENS, resulting in the rhythmic contractile activity of
[55,56]
the intestine
. Despite their recognised importance
in the control of gastrointestinal motility, few studies
were identified that specifically investigated the roles
of enteric neurons or ICC in ACPO.
Permanent impairment of the ENS, ICC, and/or
[24,57-59]
myopathy characterises many forms of CIPO
.
However, the acute onset, reversibility, and different
epidemiology of ACPO implies a distinct patho
physiological process from CIPO, hence these findings
should not be extrapolated to the acute form of
pseudo-obstruction.
[57]
Jain et al
investigated ICC using immuno
histochemistry in patients with pseudo-obstruction
syndromes, showing two patients with ACPO had a
normal number and distribution of ICC. However,
whether ICC function is affected in ACPO remains
[35]
unknown. Choi et al
reported a reduction and
degeneration of enteric ganglionic cells in the resected
colonic specimens of four patients with pseudoobstruction, but it is unclear whether these patients
had ACPO or CIPO, and whether these histological
abnormalities represent cause or effect of the colonic

Colonic reflex arcs

Several spinal and ganglionic reflex arcs are involved
in regulating intestinal motor function. The colocolonic inhibitory reflex refers to inhibition of proximal
colonic motor activity in response to distal colonic
[51,52]
distention
. Conversely, proximal distension also
causes a reduction in basal intraluminal pressure
[51]
in the distal colon . Evidence from animal models
suggests these reflex arcs are mediated via afferent
mechanoreceptors synapsing with adrenergic efferent
[18,51,52]
neurons in the prevertebral ganglia and spinal cord
.
These reflexes provide a possible mechanism
to explain how disordered motility and distension
of one colonic region may potentiate dilatation of
[18,26,28,30]
other regions, contributing to ACPO
. Some
authors have pointed to the therapeutic success of
epidural anaesthesia and splanchnic nerve block in
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dilatation and pseudo-obstruction. Without further
pathophysiological studies, the role of the ENS and ICC
in the development of ACPO remains unknown.
Nitric oxide (NO) is an important inhibitory neuro
transmitter released by colonic enteric neurons,
and has been implicated in colonic dilatation and
[37,60,61]
[62]
dysfunction in toxic megacolon
and colitis .
Several authors have speculated whether NO may also
have a role in ACPO, however no physiological evidence
was found to support this claim. However, polyethylene
glycol (PEG), an osmotic laxative that may also reduce
[63,64]
NO production
, has been shown to reduce relapse
[65]
rates after decompression in ACPO . This finding
could be explained by either the laxative effects of PEG
or its effect on nitrinergic signalling. A number of novel
pharmacological treatments targeting NO regulation
have recently been discovered, though no studies were
identified that applied these therapies in patients with
[66]
ACPO .

caesarean section
, but ACPO also occurs after
[100-102]
normal and instrumental vaginal delivery
. A
recent systematic review identified that preeclampsia,
multiple pregnancy, and antepartum haemorrhage/
placenta praevia appear to be more common in women
[103]
who develop ACPO following caesarean section
.
However, it remains unclear how these events result
in acutely perturbed colonic function. Some authors
have proposed that compression of parasympathetic
[26,27,104]
plexuses by the gravid uterus may contribute
,
while others have hypothesised that the uterus may
fall back into the pelvis following delivery, causing a
[36,105]
mechanical obstruction at the rectosigmoid colon
.
Pregnancy is also associated with high levels of
progesterone and glucagon, both of which have been
[92]
shown to diminish the tone of the large bowel , and
may predispose to ACPO when combined with acute
physiological disturbances such as caesarean section,
preeclampsia, peripartum sepsis, or haemorrhage.
Resting sympathetic vasomotor outflow is increased
during the third trimester, even in women with normal
[106,107]
blood pressure
, while autonomic dysfunction
and sympathetic overactivity are a feature of severe
[108,109]
preeclampsia
. It is unknown whether sym
pathetic supply to the colon is also affected in these
states, but this could plausibly contribute to autonomic
imbalance and ACPO. Finally, prostaglandins are
[110]
intimately involved in parturition
, and have also
been suggested as a possible contributor to ACPO in
[92]
obstetric patients (discussed in next section).

Chronic disease and pharmacological factors

Notably, many ACPO patients are elderly and have
chronic cardiac, respiratory or neurological disease, with
onset often occurring in the context of a further acute
[2,3]
physiological insult . Chronic stress conditioning,
similar to the effects of chronic disease, poten
[67]
tiates excitatory and inhibitory neurotransmission ,
potentially explaining these associations. The ENS
and its extrinsic regulation are affected in several
conditions commonly associated with ACPO, including
[68,69]
[70,71]
diabetes mellitus
, Parkinson’s
and Alzheimer’s
[70,72,73]
disease
. Furthermore, both the ENS and ICC
[74-76]
have been shown to degenerate with age
, which
may partly account for the elderly preponderance of
[2,3,29,77]
this disorder
.
Patients with chronic conditions are also more
likely to be on multiple medications affecting colonic
[78,79]
motility
, and may therefore be predisposed to the
development of ACPO. Numerous medications have
been associated with ACPO, including anticholinergics,
opiates, calcium channel blockers, and psychotropic
[80-82]
drugs
. Furthermore, use of anti-motility agents is
[83]
predictive of poor response to neostigmine , while
methylnaltrexone has been successfully used in a
patient with ACPO who failed to respond to two doses
[84]
of neostigmine .
Many medications associated with ACPO modulate
the autonomic nervous system, supporting disruption
of these pathways as a key pathophysiological
[18,85-87]
[88]
mechanism. Clonidine
and amitraz
are α2adrenergic agonists that have been associated with
ACPO. At the level of the colon, α2-adrenergic signalling
reduces release of acetylcholine from enteric neurons,
resulting in a relative imbalance of sympathetic over
[89,90]
parasympathetic supply
, consistent with current
theory regarding the pathophysiology of ACPO.

Metabolic factors

A disrupted “milieu interieur” is common in ACPO,
which may precipitate or exacerbate the effects of
altered autonomic function or other mechanisms. A
host of metabolic factors have been shown to influence
colonic motility, though few studies have investigated
these specifically in ACPO. However, the isolated
colonic dysfunction characterising ACPO makes it
unlikely that metabolic abnormalities are the sole
pathophysiological explanation.
Renal failure and electrolyte disturbances often
accompany ACPO, although it has been disputed
whether this is a cause or effect of the pseudo[4,16,32,39,83,111]
obstruction
. Alterations in potassium and
other electrolyte concentrations affect ion channel
function and may alter ICC pacemaker or smooth
[112,113]
muscle activity
. Furthermore, electrolyte im
balance has been identified as a predictor of a poor
[83]
clinical response to neostigmine .
Prostaglandins and cytokines are both wellestablished inflammatory mediators of gastrointestinal
[114,115]
motility
. Pro-inflammatory cytokines such
as TNF-α, IL-6, IL-8, and IL-1β have implicated in
[114,115]
POI
, but have not yet been investigated in ACPO.
[115,116]
Prostaglandins have been implicated in POI
,
[117,118]
[119]
CIPO
, acute small intestinal dysmotility
, and
[120]
also affect ICC function and slow wave frequency .
However, no studies were identified investigating the

Obstetric causes

The operation most commonly resulting in ACPO is
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role of prostaglandins in the development of ACPO.
Cyclooxygenase-2 (COX-2) expression is increased in
the distended colon of mice with experimentally-induced
mechanical obstruction, and it has been suggested that
this is responsible for reduced motility via the effects of
[121]
prostaglandin E2 . However, caution must be taken
when extrapolating these results to humans and to
[122]
ACPO .

Overall, autonomic imbalance is the most strongly
supported pathophysiological contributor, and likely
plays a key role in the development of ACPO. Evidence
supporting a major role for autonomic imbalance
includes the observation that most patients with ACPO
are systemically unwell, or have other pathology
disrupting the autonomic supply to the colon. Further
more, the transition point from distended to normal
colon in ACPO usually occurs at the splenic flexure,
corresponding to the change in autonomic innervation
of the mid-gut and hind-gut. However, the precise
aberrations in autonomic function leading to ACPO
remain unclear.
ACPO is difficult to rigorously investigate due to
its acute and sporadic nature and heterogeneity. The
plethora of case reports identified in the literature is
testament to the large number of illnesses associated
with this condition. It is also clear that a categorical
clinical definition of ACPO is needed to standardise
research, and improve the quality of published
evidence. Distinct subtypes of ACPO have recently
been proposed according to gut wall thickness on
[148]
cross-sectional imaging
, and further work should
investigate the aetiology and prognostic significance of
this phenomenon.
Importantly, the precise aberrations in colonic
motor activity underlying ACPO have not been
characterised. Despite the common assumption that
the distal colon is atonic, direct physiological evidence
supporting this claim could not be identified, and it
remains unknown whether ACPO is fundamentally
due to atony, dysmotility, or spasm in part or all of
the colon, or is due to heterogeneous motility states.
Furthermore, although many authors have argued that
the sympathetic system decreases colonic motility and
[10,18,28,30,43]
the parasympathetic increases contractility
,
this is now recognised as overly simplistic, with
further layers of modulation within the ENS, ICC and
[27,33]
smooth muscle
. It is also important to note that
the therapeutic success of neostigmine also does not
specifically prove interrupted parasympathetic supply
to the colon as the sole pathophysiological mechanism
[29]
underlying ACPO , despite this being suggested
[2,42,43,149,150]
by many authors
. Indeed, provocation of
HAPS and colonic emptying by neostigmine may be
sufficient to overcome an alternative pathophysiological
mechanism and result in decompression of the
functionally obstructed colon.
High-resolution colonic manometry has recently
been used to characterise the abnormalities underlying
colonic dysmotility in the early post-operative period,
demonstrating increased cyclic motor activity in
the left colon, rather than atony, and an absence of
[151,152]
HAPS
. Applying similar research methods to ACPO
would be a particularly interesting research avenue,
with potential to rigorously define the altered motility
patterns underlying the disorder. It is interesting to
note that transient “ring[s] of spasm” were noted intraoperatively in the distal colon of several of the original

Viral enteroneuropathy

ACPO has also been associated with several viral
infections, most commonly herpes zoster reactivation
[123-130]
in low thoracic or lumbar distributions
, but
[131-134]
also disseminated varicella zoster
, acute
[135]
[136]
cytomegalovirus , and severe dengue .
Several mechanisms have been proposed to explain
these associations, all involving autonomic dysfunction.
Reactivation of herpes virus in enteric ganglia may
[123,124,137,138]
result in a sympathetic autonomic neuritis
,
presumably diminishing colonic sympathetic supply.
Local segmental colonic inflammation with afferent
stimuli to the sacral nerve roots and blockage of
colonic parasympathetic supply has also been
[138]
suggested , while other authors have hypothesised
that viral spread from the dorsal root ganglia to the
thoracolumbar or sacral lateral columns may interrupt
[137]
sacral parasympathetic pathways
. Involvement
and inflammation of the intrinsic enteric nervous
system, and post-viral dysautonomia have also been
[136,137,139]
suggested
.

Other hypotheses

Several alternate hypotheses regarding the patho
physiology of ACPO were identified. Compromised
vascular supply to the colon was suggested in many
[11,140,141]
early reports
, but now thought to represent
an exacerbating complication rather than a cause.
“Hinge-kinking” of the colon at the transition from
retro- to intra-peritoneal structures has also been
[142]
proposed , however, intra-operative and radiological
findings generally suggest a “gradual” transition
[23]
in colonic calibre . Other identified hypotheses
lacking supporting evidence included the “air-fluid
[143-145]
lock syndrome”
, and colonic distension due to
[146,147]
aerophagy in chronic respiratory disease
.

DISCUSSION
Despite considerable speculation, this comprehensive
and systematic review of the literature finds that the
mechanisms underpinning ACPO still remain uncertain.
Limited physiological evidence from patients with
ACPO was found to exist, and the lack of an animal
model has required extrapolation of data from other
disease states. The abundance of identified risk factors
and associated conditions supports a multifactorial
hypothesis, with aberrations in function at any of
several levels seemingly able to lead to common or
similar effects on the colon.
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descriptions of this syndrome
, though the
pathophysiological significance of these remains unclear.
Other areas for future pathophysiological investigation
include the development of an animal model of ACPO,
histological examination of resected specimens, and
rigorous investigation of the impact of preventative or
therapeutic strategies on colonic function.
This systematic review and appraisal of the
literature surrounding ACPO has identified limited
evidence investigating the mechanisms underlying
this condition. A number of areas for further study
have been identified. It is hoped that an improved
understanding of the pathophysiology of ACPO will
lead to the development of targeted strategies for its
prevention and treatment.
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Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
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Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
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Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona

VII

Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala
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Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
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United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Frank I Tovey, London
Dhiraj Tripathi, Birmingham

VIII

Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
Amy E Foxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
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Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
Kusum K Kharbanda, Omaha
Hyun Sik Kim, Pittsburgh
Joseph Kim, Duarte
Jae S Kim, Gainesville
Miran Kim, Providence
Timothy R Koch, Washington
Burton I Korelitz, New York
Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo
Michelle Lai, Boston
Andreas Larentzakis, Boston
Edward Wolfgang Lee, Los Angeles
Daniel A Leffler, Boston
Michael Leitman, New York
Suthat Liangpunsakul, Indianapolis
Joseph K Lim, New Haven
Elaine Y Lin, Bronx
Henry C Lin, Albuquerque
Rohit Loomba, La Jolla
James David Luketich, Pittsburgh
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Li Ma, Stanford
Mohammad F Madhoun, Oklahoma City
Thomas C Mahl, Buffalo
Ashish Malhotra, Bettendorf
Pranoti Mandrekar, Worcester
John Marks, Wynnewood
Wendy M Mars, Pittsburgh
Julien Vahe Matricon, San Antonio
Craig J McClain, Louisville
Tamir Miloh, Phoenix
Ayse Leyla Mindikoglu, Baltimore
Huanbiao Mo, Denton
Klaus Monkemuller, Birmingham
John Morton, Stanford
Adnan Muhammad, Tampa
Michael J Nowicki, Jackson
Patrick I Okolo, Baltimore
Giusepp Orlando, Winston Salem
Natalia A Osna, Omaha
Virendra N Pandey, Newark
Mansour A Parsi, Cleveland
Michael F Picco, Jacksonville
Daniel S Pratt, Boston
Xiaofa Qin, Newark
Janardan K Reddy, Chicago
Victor E Reyes, Galveston
Jon Marc Rhoads, Houston
Giulia Roda, New York
Jean-Francois Armand Rossignol, Tampa
Paul A Rufo, Boston
Madhusudana Girija Sanal, New York
Miguel Saps, Chicago
Sushil Sarna, Galveston
Ann O Scheimann, Baltimore
Bernd Schnabl, La Jolla
Matthew J Schuchert, Pittsburgh
Ekihiro Seki, La Jolla
Chanjuan Shi, Nashville
David Quan Shih, Los Angeles
Shadab A Siddiqi, Orlando
William B Silverman, Iowa City
Shashideep Singhal, New York

IX

Bronislaw L Slomiany, Newark
Steven F Solga, Bethlehem
Byoung-Joon Song, Bethesda
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EDITORIAL

Direct-acting antiviral agents against hepatitis C virus and
lipid metabolism
Tatsuo Kanda, Mitsuhiko Moriyama
and insulin resistance. Total cholesterol, low-density
lipoprotein-cholesterol and triglyceride levels are
increased by peginterferon and ribavirin combination
therapy when a sustained virologic response (SVR) is
achieved in patients with HCV. Steatosis is significantly
more common in patients with HCV genotype 3 but
interferon-free regimens are not always effective for
treating HCV genotype 3 infections. HCV infection
increases fatty acid synthase levels, resulting in the
accumulation of fatty acids in hepatocytes. Of note,
low-density lipoprotein receptor, scavenger receptor
class B type Ⅰ and Niemann-Pick C1-like 1 proteins
are candidate receptors that may be involved in HCV.
They are also required for the uptake of cholesterol
from the external environment of hepatocytes.
Among HCV-infected patients with or without human
immunodeficiency virus infection, changes in serum
lipid profiles are observed during interferon-free
treatment and after the achievement of an SVR. It is
evident that HCV affects cholesterol metabolism during
interferon-free regimens. Although higher SVR rates
were achieved with interferon-free treatment of HCV,
special attention must also be paid to unexpected
adverse events based on host metabolic changes
including hyperlipidemia.
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Core tip: Eradication of hepatitis C virus (HCV) de
creases the rate of complications, including liverrelated and liver-unrelated death, and improves
patient quality of life. Individuals infected with HCV
have an increased risk of cardiovascular diseases and
intracerebral hemorrhage, which are both associated
with lipid metabolism. HCV infection causes abnormal
host lipid metabolism. Treatment with interferon-based
and interferon-free regimens has an impact on the

Abstract
Hepatitis C virus (HCV) infection induces steatosis
and is accompanied by multiple metabolic alterations
including hyperuricemia, reversible hypocholesterolemia
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DAAs

eradication of HCV, as well as lipid abnormalities, during
treatment and after treatment. Further observations
are needed to determine the long-term effects on lipid
metabolism caused by HCV and by eradication of the
virus.
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HMG-CoA reductase
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Kanda T, Moriyama M. Direct-acting antiviral agents against
hepatitis C virus and lipid metabolism. World J Gastroenterol
2017; 23(31): 5645-5649 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i31/5645.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i31.5645

Cell growth

Cell adhesion
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Extracellular matrix formation
Cancer development

Figure 1 Hepatitis C virus and fatty acid synthesis. DAAs: Direct-acting
antiviral agents; HCV: Hepatitis C virus; HMG-CoA, 3-hydroxy-3-methylglutaryl
coenzyme A.

INTRODUCTION
Hepatitis C virus (HCV) encodes at least 10 viral
proteins, which include structural (core, E1, E2 and p7)
and non-structural (NS2, NS3, NS4A, NS4B, NS5A and
[1]
NS5B) proteins . HCV is a leading cause of cirrhosis
and hepatocellular carcinoma in the United States and
Japan. Eradication of HCV is important for preventing
death due to these liver diseases.
Associations of HCV with host lipoproteins have
[2]
been reported . Hepatocytes take up low-density
lipoproteins (LDLs) and very low-density lipoproteins
through LDL receptors. Antibodies to the HCV envelope
[3]
may disrupt the HCV lipid-containing envelope . These
antibodies could provide an efficient mode of viral
[2]
entry into liver cells . HCV core protein colocalizes
with apolipoprotein AII at the surface of lipid droplets,
suggesting a relationship between the expression of
[4]
HCV core protein and cellular lipid metabolism . HCV
infection or core protein expression also increases the
expression of sterol regulatory element binding protein
1c and its target, fatty acid synthase (FASN), which
[5]
are both involved in lipid synthesis .
Although interferon-free regimens could result in
higher sustained virologic response (SVR) rates, Endo
[6]
et al reported that serum cholesterol levels were
significantly increased during combination treatment
with the HCV NS5B inhibitor sofosbuvir and the HCV
NS5A inhibitor ledipasvir, compared with those during
[7]
interferon-included regimens . Of interest, the authors
also observed that regardless of the regimens, total
cholesterol, LDL cholesterol and high-density lipoprotein
[6]
(HDL) cholesterol levels increased post-treatment .

HMG-CoA reductase inhibitors, fluvastatin is an
anti-HCV reagent that is used in combination with
[8]
interferons . Steatosis and abnormal lipid metabolism
caused by HCV infection may enhance lipid droplet
[9-11]
formation in hepatocytes
. Lipid droplets, which
store neutral lipids, are required for the formation of
[11]
infectious HCV particles .

ADVANCED LIVER FIBROSIS AND LIPID
METABOLISM
In most cells, the major source of new sterol is en
[12]
dogenous synthesis from acetyl-CoA . HMG-CoA is
[12]
formed from acetyl-CoA and acetoacetyl-CoA . There
are at least 4 mechanisms for acquiring cholesterol:
(1) de novo synthesis within the cells and uptake of
unesterified or esterified cholesterol from the external
environment via; (2) the LDL receptor (LDLR); (3)
scavenger receptor class B typeⅠ(SR-BI); or (4)
[13]
Niemann-Pick C1-like 1 protein (NPC1L1) . HDL
particles containing apoA-Ⅰ can be bound by SR-BI in
[13]
hepatocytes and endocrine cells . Interestingly, LDLR,
SR-BI and NPC1L1 are candidate receptors that may
[14-16]
be involved in HCV
.
The total cholesterol pool in a human is 2.2 g/kg
body weight. There is a continuous flow of cholesterol
from the endoplasmic reticulum to the cell membrane
and then from the plasma membrane to the liver
[13]
and intestine . In humans, the flux of cholesterol
through the whole body is approximately 10 mg/d per
[17]
kilogram body weight , although the half-life of plasma
[13]
cholesterol is only a few days . The serum lipids, total
cholesterol, cholesteryl ester, LDL cholesterol and HDL
cholesterol levels were significantly lower in HCV-related
cirrhosis patients than in controls. HCV-related cirrhosis
[18]
severely impairs liver lipid metabolism (Figure 2). The
serum total cholesterol level is an independent predictor
[19]
of significant fibrosis . When evaluating serum total
cholesterol levels, liver function should also be checked
(Figure 2).

HCV AND LIPID METABOLISM
[5]

HCV increases FASN levels , resulting in the accu
mulation of fatty acids in hepatocytes (Figure 1).
Fatty acids are needed for cell growth, cell adhesion,
extracellular matrix formation, cell migration and cell
invasion, which are essential for cancer development.
Synthesis of cholesterol requires 3-hydroxy-3-methy
lglutaryl coenzyme A (HMG-CoA) reductase. Among
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treatments using HCV NS3/4A protease inhibitors have
[26]
limited activity against HCV genotype 3 . HCV NS5B
and HCV NS5A inhibitors have also performed poorly
[26]
in HCV genotype 3 patients .

Lipid metabolism in the liver
Serum total cholesterol levels
?

HCV infection
Normal liver

HCV replication

Chronic hepatitis/
cirrhosis

High

?
Liver function

+

Good

+++

Not good

LIPID METABOLISM DURING TREATMENT
WITH INTERFERON-FREE REGIMENS
AGAINST HCV

DAAs

Low

[6]

Endo et al studied 276 patients with chronic HCV
genotype 1b infection who were treated with interferonfree regimens. Of these 276 patients, 141 were treated
with the HCV NS5A inhibitor daclatasvir plus the HCV
[27,28]
NS3/4A inhibitor asunaprevir for 24 wk
and 135
[6]
were treated with sofosbuvir plus ledipasvir for 12 wk .
In the daclatasvir plus asunaprevir-SVR group, the
total cholesterol levels were significantly increased
throughout the observation period, and the total cho
lesterol levels were significantly increased at 4 wk
after treatment and 12 wk after treatment, compared
[6]
with those at the end of treatment (EOT) . Serum
LDL cholesterol levels increased after the EOT. HDL
cholesterol was significantly increased throughout the
treatment period, but there were no significant changes
[6]
in serum triglyceride levels .
In the sofosbuvir plus ledipasvir-SVR group, the
total cholesterol levels were markedly increased from
[6]
the early stage of therapy and lasted until the EOT .
The total cholesterol levels were sharply decreased after
the EOT (P < 0.001). Changes in the LDL cholesterol
levels were quite similar to those found in the total
cholesterol levels. After the EOT, the HDL cholesterol
levels were decreased compared to those during therapy
(P < 0.001), but there were no significant changes in
[6]
[29]
triglyceride levels . Hashimoto et al
also reported
that the increase in cholesterol levels during treatment
was much greater in the sofosbuvir plus ledipasvirSVR group than in daclatasvir plus asunaprevir-SVR
group. The authors also observed that a rapid increase
in the serum LDL cholesterol concentration during
the interferon-free treatment was associated with the
type of regimen and decrease in the HCV core protein
[30]
level. Morales et al
also reported that there was a
significant increase in the LDL and total cholesterol
levels after treatment, compared to the pre- and posttreatment laboratory data from 52 patients receiving
sofosbuvir-based regimens, but there was no change
in body mass index between pre-and post-treatment.
Among HIV/HCV coinfected patients, an increase
in LDL cholesterol was observed after an SVR was
[31]
achieved with interferon-free treatment .

Normal liver?
HCV elimination

-

Improvement

High

Figure 2 Effects of hepatitis C virus infection on liver function and liver
lipid metabolism. DAAs: Direct-acting antiviral agents; HCV: Hepatitis C virus.

LIPID METABOLISM DURING TREATMENT
WITH INTERFERON-BASED REGIMENS
AGAINST HCV
Total cholesterol, LDL cholesterol and triglyceride
levels are increased by peginterferon and ribavirin
combination therapy when an SVR is achieved in
[20]
patients with HCV genotype 1 . HCV eradication
is closely related to lipid metabolism in patients
treated with interferon-based regimens. Lange
[21]
et al
examined the serum lipid profiles of 575
European HCV genotype 1-infected patients before,
during and after treatment with peginterferon-α2a (180 μg/wk) and ribavirin (1000-1200 mg/d) for
48 wk. The authors found substantial pretreatment
hypocholesterolemia with a nonresponse to interferonα-based therapy, and lower pretreatment cholesterol
levels were an independent predictor of not attaining
[21]
an SVR . After treatment-induced HCV eradication,
the median cholesterol levels increased above
[22]
baseline. Kuo et al
reported that chronic HCV
infection is associated with hypocholesterolemia and
hypotriglyceridemia, and these conditions can be
reversed by successful antiviral therapy.

HCV GENOTYPE 3
[23]

Serfaty et al
reported that hypobetalipoproteinemia
is prevalent and associated with steatosis, especially
in patients infected with HCV genotype 3. It has
been reported that HCV, particularly genotype 3, is
[24]
associated with steatosis. Poynard et al
reported
that an SVR, achieved with interferon-based regimens,
is associated with a reduction in steatosis in HCV
genotype 3 patients, as well as a correction of serum
cholesterol levels at baseline. Steatosis is significantly
more common in HCV genotype 3 patients than in
those with other HCV genotypes, and in patients
treated with peginterferon alpha-2a plus ribavirin, an
[25]
SVR is associated with reduction of steatosis . New
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HCV infection induces steatosis and is accompanied by
multiple metabolic alterations, such as hyperuricemia,
reversible hypocholesterolemia, insulin resistance,
arterial hypertension and visceral adipose tissue
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[32-34]

expansion
. Eradication of HCV with interferon-free
regimens increases total cholesterol levels. Because of
the worsening nutritional status as an adverse event
of interferon-based regimens, it is difficult to examine
[6]
the effects of HCV on serum lipid profiles . It is
evident that HCV affects cholesterol metabolism during
interferon-free regimens because these regimens have
[6]
no influence on the nutritional status of the host . The
increase in cholesterol levels during treatment was
much greater in the sofosbuvir plus ledipasvir-SVR
group than in the daclatasvir plus asunaprevir-SVR
[6,29]
group
. Although higher SVR rates were achieved
with interferon-free treatment of HCV, special attention
must also be paid to unexpected adverse events based
on host metabolic changes.
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Abstract
Hepatocellular carcinoma (HCC), with its high incidence
and mortality rate, is one of the most common malignant
tumors. Despite recent development of a diagnostic and
treatment method, the prognosis of HCC remains poor.
Therefore, to provide optimal treatment for each patient
with HCC, more precise and effective biomarkers are
urgently needed which could facilitate a more detailed
individualized decision-making during HCC treatment,
including the following; risk assessment, early cancer
detection, prediction of treatment or prognostic out
come. In the blood of cancer patients, accumulating
evidence about circulating tumor cells and cell-free
nucleic acids has suggested their potent clinical utilities
as novel biomarker. This concept, so-called “liquid
biopsy” is widely known as an alternative approach
to cancer tissue biopsy. This method might facilitate a
more sensitive diagnosis and better decision-making by
obtaining genetic and epigenetic aberrations that are
closely associated with cancer initiation and progression.
In this article, we review recent developments based on
the available literature on both circulating tumor cells
and cell-free nucleic acids in cancer patients, especially
focusing on Hepatocellular carcinoma.
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markers often show false-positive results, and lack
[11-13]
sufficient sensitivity and specificity
. Therefore, to
provide optimal treatment for each patient with HCC,
more precise and effective biomarkers are urgently
needed. Accumulating evidence of liquid biopsy might
facilitate a more sensitive diagnosis and individualized
decision-making in the duration of treatment of HCC.
In various cancers, many studies have demon
strated a large number of genetic and epigenetic
aberrations contribute to carcinogenesis and their
[14-18]
clinical utility
. Traditionally, these tumor-linked
alterations has been provided from tissue samples
of HCC patients. However, conventional procedures
for tissue sampling from HCC patients is not always
be conducted due to their clinical difficulties such
as anatomical reasons, invasive nature, and/or the
[19,20]
patient’s poor hepatic status
. Because of such
backgrounds, conventional procedures have some
problems: (1) Results from a single biopsy could
provide considerably restricted information; and (2)
they could not reflect current cancer status, such
as treatment sensitivity and therapeutic efficiency.
Detecting circulating tumor cells (CTCs) and/or
circulating cell-free nucleic acids (cfNAs) in the blood
of cancer patients could provide us a so-called “liquid
biopsy”, which would realize repeated samplings
and reflecting the characteristics and dynamics of
[21-24]
tumor
.
To date, many study groups have revealed the
possibility of CTCs and cfNAs in the blood, as blood[21-24]
based biomarkers, for several types of cancers
.
These novel biomarkers are thought to have great
potential and could provide more detailed individualized
decision-making during HCC treatment, including the
following; risk assessment, early cancer detection,
prediction of treatment or prognostic outcome. In this
article, based on the available literature, we review the
histological backgrounds, recent developments and
prospects for the future of liquid biopsy, particularly
focusing on Hepatocellular carcinoma.

Core tip: Accumulating evidence about circulating tumor
cells and cell-free nucleic acids in the blood of cancer
patients has suggested their potent clinical utilities
as novel biomarker. This concept, so-called “liquid
biopsy” is widely known as an alternative approach to
cancer tissue biopsy. This method might facilitate a
more sensitive diagnosis and better decision-making by
obtaining genetic and epigenetic aberrations that are
closely associated with cancer initiation and progression.
In this article, we review recent developments based on
the available literature on both circulating tumor cells
and cell-free nucleic acids in cancer patients, especially
focusing on Hepatocellular carcinoma.
Okajima W, Komatsu S, Ichikawa D, Miyamae M, Ohashi T,
Imamura T, Kiuchi J, Nishibeppu K, Arita T, Konishi H, Shiozaki
A, Morimura R, Ikoma H, Okamoto K, Otsuji E. Liquid biopsy
in patients with hepatocellular carcinoma: Circulating tumor
cells and cell-free nucleic acids. World J Gastroenterol 2017;
23(31): 5650-5668 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i31/5650.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i31.5650

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most
common cancer worldwide, but it ranks as the
second most common cause of cancer-related death
[1]
worldwide . Despite recent development of a diag
nostic and treatment method, the prognosis of HCC
remains poor. Even in major advanced economies, the
mortality rates have been increasing. Although HCC
is a typical viral infection-related malignancy derived
[2,3]
from chronic hepatitis B and C , HCC has also been
strongly associated with lifestyle. Excessive alcohol
consumption, obesity, and type 2 diabetes are strongly
associated with the carcinogenesis and development
[4-7]
of HCC . Both the proportion and number of HCC
patients with non-viral etiologies have been increasing
on a global scale. Therefore, defining the target
population should be added to screening as the most
important clinical issues.
Early screening of patients for HCC has been
[8,9]
reported to confer a survival benefit . Patients who
are identified early have multiple treatment options
leading to improved outcomes. However, in clinical
settings, only approximately 30% to 40% of patients
with HCC can get effective treatment at the right
[10]
time , and few molecules have been used as clinical
biomarkers for HCC. Alpha-fetoprotein (AFP), AFP lectin
fraction (AFP-L3), and des-γ-carboxy prothrombin (DCP,
also known as proteins induced through vitamin K
deficiency or antagonist-Ⅱ, PIVKA-Ⅱ) have been used
as conventional serum tumor markers. However, these

WJG|www.wjgnet.com

BIOLOGY AND DETECTION OF
CIRCULATING TUMOR CELLS
CTCs are generally recognized as the “seeds” of tumors,
which are shed into peripheral blood from a tumor in
situ and eventually establish metastatic tumors in other
[20]
organs . Therefore, theoretically, circulating tumor
cells (CTCs) are useful markers for early diagnosis. In
1869, Ashworth initially demonstrated the presence
[25]
of CTCs
in the blood of breast cancer patient. This
patients has widespread breast cancer, and the cells
similar to those in the primary breast cancer had been
detected in her blood. Afterwards, to validate Ashworth’s
remarks, many researches have challenged to
investigate peripheral blood of various cancer patients
to identify CTCs.
However, the effort has been hampered by some
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difficulties. The problem is that the earlier the stage
is, the less the cells are. Namely, the cell tends to be
proportional to tumor volume. Moreover, CTCs have
estimated infrequencies of approximately 1-10 CTCs
in a background of millions of blood cells in patients
[26]
with metastatic diseases . In addition, less than
0.01% of CTCs introduced into the circulation survive
to produce metastases. Furthermore, in phenotype,
as well as genotype, CTCs are considered to be quite
[27-29]
heterogeneous
. As CTCs are thought to be derived
from the primary cancer or metastases, they are
rarely present in patients with non-neoplastic disorders
[30]
healthy person . Therefore, the performance such
as sensitivity and specificity of detection technique
should be achieved to a proper level, precise detection
of CTCs has been a major problem in this field for
researchers.

In this platform, immunomagnetic beads coated
with EpCAM antibodies capture CTCs, followed by
immunostaining with two positive markers, which are
cytokeratins 8/18/19 for cytoplasmic epithelium and
4′,6′-diamidino-2-phenylindole hydrochloride for nucleic
acids, and a negative marker, leukocyte-specific CD45.
Its utility as a clinical indicator has been shown in the
patients with metastatic breast, prostate, and colon
[40-45]
cancers
. Therefore, this system has been the only
CTC platform to be approved by the United States Food
and Drug Administration. However, it could not capture
CTCs that have increased the malignant potential,
caused by the acquisition of an epithelial-mesenchymal
transition (EMT). Concerning the detection and
isolation capability and the clinical utility of CTCs,
many challenges remain. To overcome its insufficient
capability and accuracy, advanced technologies have
emerged. “CTC-chip” is the representative technology
without being influenced by the heterogeneity of them.
It is a unique microfluidic platform, capable of efficient
and selective separation of viable CTCs from peripheral
whole blood samples, mediated by the interaction
of target CTCs with antibody (EpCAM)-coated micro
[46]
posts . Most recently, CTC-Chip was reported to
detect CTCs with high accuracy by using tumor-specific
markers, such as human epidermal growth factor
(HER2) in breast cancer or prostate-specific antigen
(PSA) in prostate cancer, in addition to epithelial
[46,47]
markers
. Another unique approach was reported
[48]
by Saucedo-Zeni et al
They captured and enriched
CTCs from medical Seldinger guidewire, which were
inserted into cubital veins. Despite these advances, the
methodology of isolation and enrichment of CTCs has
been in the process of development.
The identification process is generally conducted
after the isolation and enrichment process. To
identify genetic aberrations and other biological chara
cteristics of CTCs, several methodologies, such as
immunocytochemistry and molecular techniques,
have been used. Conventionally, immunostaining
using 4′,6′-diamidino-2-phenylindole hydrochloride
as a nuclear stain, CK as an epithelial marker, and
CD45 as a hematopoietic marker has been commonly
[49]
adopted . In various molecular approaches,
quantitative reverse transcription-polymerase chain
reaction (RT-PCR) has been widely used to identify
the molecular characteristics of CKs, CEA, and other
[50]
markers .

TECHNIQUES FOR ISOLATION,
ENRICHMENT, AND IDENTIFICATION OF
CTCS
In recent years, various CTC isolation and enrichment
technologies have emerged, their approaches are
generally categorized into two methods.

Physical methods

Physical methods mainly depend on the physical
properties of CTCs, such as density, size, migratory
[31]
capacity, deformability and electric charge . Most
CTCs originate from epithelial tumors are thought
to larger than other blood cells, several filtration[32,33]
based techniques has been developed
. However,
substantial difference has been demonstrated in cell
size not only in an individual cancer patient but also in
[34-36]
different cancer patients
. Thus, novel techniques
adopting multiple filters have been studied to solve
these issues and improve accuracy of enrichment of
[37,38]
CTCs
. These micro device could isolate cancer
cells using their physical properties such as size
continuously and deformability. For example, Mohamed
[37]
et al
designed a micro-machined device, which had
arrays of four successively narrower channels, were
able to fractionate cancer cells without interference
from the blood cells. Those novel techniques could
have substantial possibilities, their utility should be
validated in the future.

Biological methods

CTC DETECTION AND ITS CLINICAL
RELEVANCE IN HCC PATIENTS

Another approach is biological methods, which mainly
rely on antigen-antibody binding and antibodies against
tumor-specific biomarkers including epithelial cell
adhesion molecule (EpCAM), human epidermal growth
factor receptor2 (Her2), and prostate-specific antigen
[39]
(PSA) that are typically used in CTCs purification .
TM
Currently, Cell-Search (Veridex LLC, NJ, United
States) is the most commonly used CTC platform.

WJG|www.wjgnet.com

In the past decades, CTCs in HCC patients have
been intensively studied. Table 1 is the summary of
previously demonstrated candidates. As described in
the last paragraph, these approaches are generally
categorized into two methods: physical and biological
methods.
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Table 1 Circulating tumor cells in hepatocellular carcinoma
Ref.

HCC
patients

Ethnicity

Background liver status

Patient background

Controls

Methodology

Positive
rate

Matsumura, et al[51],
1999
Mou et al[56], 2002

88

Japan

HCV: 85%, HBV: 6%

Pre and post (TAE or PEI)

NA

RT-PCR (AFP)

63.0%

30

China

Pre resection

25 (HV: 25)

RT-PCR (MAGE1/3)

43.3%

Witzigmann et al[55],
2002

85

Germany

HBV: 100%
LC: 100%
NA

RT-PCR (AFP)

28.0%

Vona et al[31], 2004

44

France

ISET

52.2%

Jeng et al[53], 2004

81

China

RT-PCR (AFP)

23.4%

Cillo et al[52], 2004

50

Italy

RT-PCR (AFP)

40.0%

Kong et al[59], 2009

343

South Korea

Pre, during, post (Resection: 116 ( OLT: 50, HD:
24, LT: 10, TACE: 13, No
39, HV: 27)
treatment: 38)
LC: 89%
Pre/post resection: 22
107 (HV: 38, HD:
Unresectable: 22
69)
HBV: 77%, HCV: 38%
Pre and post resection
50 (HV: 30, HD: 20)
LC: 69%
HCV: 50%,HBV: 12% Pre (Resection: 17, LT: 9, PT: 50 (HD: 6, OT: 44)
HCV and HBV: 6%
17)
Alcohol: 10%
No treatment: 7
LC: 84%
HBV: 78%, HCV: 10%
Pre (Resection: 12, TACE:
NA
Alcohol: 6%
224, RFA: 44, Chemotherapy:
LC: 52%
12, Radiotherapy: 12, No
treatment: 39)
HBV: 80%
Pre and post resection
NA
HBV: 84%, HCV: 7%
Pre Resection: 63
71 (HD: 37, HV: 20,
HBV and HCV: 5%
Clinical Diagnosis: 22
OT: 14)
nonB, nonC: 4%
HBV: 93%
Pre resection
NA
LC: 93%
HBV: 72%
NA
276 (HV: 30, HD:
LC: 93%
196, OT: 50)
HBV: 75%
Pre/post resection
NA
LC: 76%
Alcohol: 38%
Pre (resection or systemic
19 (HD: 19)
HBV: 17%, HCV: 13%
therapy)
LC: 89%
HBV: 92%, HCV: 3%
NA
30 (HD: 10, HV: 10,
nonB, nonC: 7%
OT: 10)
LC: 88.7%
HCV: 100%
NA
63 (HD: 30, HV: 33)

Fan et al[69], 2011
Xu et al[70], 2011

82
85

China
China

Liu et al[67], 2013

60

China

Yao et al[57], 2013

123

China

Sun et al[73], 2013

123

China

Schulze et al[72], 2013

59

Germany

Li et al[71], 2013

60

China

Bahnassy et al[68],
2014

70

Egypt

Li et al[76], 2014

27

China

NA

NA

Mu et al[78], 2014
Fang et al[74], 2014
Morris et al[77], 2014

62
42
52

China
China
United
Kingdom

NA
Pre and post TACE
No treatment

Guo et al[75], 2014

299

China

Choi et al[58], 2015

81

South Korea

Kelley et al[19], 2015

20

HBV: 95.2%
LC: 55%
Alcohol: 38%,
HBV: 8%
Diabetes: 12%
HBV: 90%
LC: 90%
HBV: 80%, HCV: 11%
Alcohol: 4%
LC: 59%
HBV: 25%, HCV: 45%

Wang et al[79], 2016

42

Caucasian:
55%,
Asian: 35%,
American: 10%
(African-5%)
(Native-5%)
China

Zhang et al[207], 2016

36

China

RT-PCR (AFP)
(hTERT)

59.5%
14.0%

CellSearchTM
CellSearchTM

68.3%
81.0%

Flow cytometry

50.0%

RT-PCR (GPC-3)

70.77%

CellSearchTM

66.6%

CellSearchTM

30.5%

CellSearchTM

76.6%

Flow cytometry
(CK19, CD90, 133)

73.0%,
49.8%,
69.5%
RT-PCR (Telomerase, 55.7%,
MAGE1/3)
60.0%,
62.9%
61 (HD: 34, HV: 15,
CellSearchTM
88.9%
OT: 12)
22 (HD: 7, HV: 15)
CellSearchTM
48.3%
20 (HV: 10, HD: 10)
CellSearchTM
52.3%
NA
CellSearchTM
28%
ISET
100%

Pre/post (Resection: 157,
TACE: 76, RFA: 66)
Pre and post (Resection: 64,
LT: 17)

120 (HV: 71, HD:
25, BT: 24)
16 (LHD: 16)

CellSearchTM

42.6%

RT-PCR
(K19, CD44)

22.2%

NA

10 (HD: 10)

CellSearchTM

40.0%

NA

NA

CTC-Chip

59.5%

NA

NA

CTC-Chip

100%

HBV and HCV: 10%
Alcohol: 5%
NAFLD: 10%
HBV: 81%, HCV: 2%
nonB, nonC: 17%
NA

NA: Not applicable; LC: Liver cirrhosis; NAFLD: Non-alcoholic fatty liver disease; TAE: Trans-arterial embolization; PEI: Percutaneous ethanol injection;
LT: Liver transplantation; TACE: Trans-catheter arterial chemoembolization; RFA: Radiofrequency ablation; PT: Percutaneous treatment; HV: Healthy
volunteers; HD: Hepatic disease without evidence of HCC; OLT: Other malignant liver tumors; BT: Benign tumor; OT: Other cancerous disease; LHD: Liver
healthy donors; RT-PCR: Reverse transcriptase polymerase chain reaction; ISET: Isolation by size of epithelial tumor cells.
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Physical methods

serum human telomerase reverse transcriptase protein
(hTERT) mRNA expression has been suggested as
[66]
a potential candidate diagnostic marker for HCC ,
the significance as prognostic marker has not been
[59]
adequately confirmed .
[67]
[68]
Liu et al
and Bahnassy et al
used flow
cytometry to analyze intercellular adhesion molecule
1 (ICAM-1) expression, cytokeratin 19, CD133, and
CD90 in HCC blood samples and demonstrated their
prognostic value. Among various techniques, EpCAMTM
based Cell-Search is currently the most widely used
[19,69-78]
[73]
CTC platform
. Using this method, Sun et al
collected blood samples from 123 HCC patients who
underwent curative resection and suggested that
+
EpCAM CTCs could be useful for real-time parameter
for monitoring treatment response and be also used
[75]
for therapeutic target in HCC recurrence. Guo et al
collected blood samples from 299 HCC patients with
various kinds of treatment and 120 control subjects,
and demonstrated that this method could be useful
in early decision-making to tailor the most effective
[79]
antitumor strategies. Most recently, Wang et al
suggested that novel CTC-Chip platform might be a
new method for a simple and efficient detection of
CTCs in HCC patients. They created biocompatible
and transparent Hydroxyapatite/chitosan nanofilm
coated by aptamer for carbohydrate sialyl Lewis Xto
and demonstrated that it could be useful as prognostic
marker.
Overall, the usefulness of CTCs as biomarkers
in HCC might be practically guaranteed. However,
several challenges that must be overcome remain.
Firstly, it is possible that etiological differences of
patients and controls, such as background liver
disease, haptic status, and race, could be responsible
for the heterogeneity of the results. Secondly, a novel
methodology for the detection should be provided for
solving the problem of the rarity and heterogeneity
of CTCs. Thirdly, the techniques and results of past
research have greatly differed. Consequently, a largescale validation using patients with homogeneous
backgrounds and development of a unified metho
dology are required for future applications.

[31]

Vona et al
first reported the isolation by size of
epithelial tumor cell (ISET) method to detect CTCs
in HCC patients. By cytomorphologic analysis, they
demonstrated that the spontaneous circulation of CTCs
in peripheral blood reflects tumor progression and
tumor spread in patients with HCC. Compared with
expensive and cumbersome molecular techniques,
ISET is a unique, inexpensive methodology. In this
method, we can apply the cytopathological diagnosis
of tumor cells, which were widely used in clinical
oncology, as peripheral blood samples without any
[32]
special equipment . However, ISET device is still hard
to release CTCs from the membrane. This may limit
the application of downstream genetic analysis.

Biological methods

The presence and clinical utility of CTCs in HCC was
[51]
first reported by Matsumura et al
using RT-PCR.
They demonstrated the following. (1) the presence
of alpha-fetoprotein (AFP) messenger RNA (mRNA)
in peripheral blood could be a marker of circulating
HCC cells; (2) the status of AFP mRNA in blood
were investigated at entry, extrahepatic metastasis
developed more frequently among the AFP mRNApositive patients than among the AFP mRNA-negative
patients; and (3) after treatment, AFP mRNA was
investigated, and cumulative metastasis-free survival
and overall survival were significantly better in
patients whose AFP mRNA became negative after
treatment than in patients with persistently positive
AFP mRNA. In summary, they demonstrated that the
presence or absence of AFP mRNA in blood (CTCs’
positivity) could be a predictor of outcome in patients
with HCC.
Following this study, the clinical utility of peripheral
[52,53]
AFP mRNA was validated by other groups
;
however, the significance as prognostic marker has
[54,55]
not been adequately confirmed
. Thus, other
tumor-specific molecules in the bloodstream, such as
[56]
[57]
MAGE-1, MAGE3 , glypican-3 (GPC-3) , keratin
[58]
19 (K19), cluster of differentiation 44 (CD44) , and
[59]
hTERT
mRNA, have been investigated for markers
of circulating HCC cells. For example, MAGE gene
transcripts have been considered as HCC-specific
[60]
[56]
markers . Mou et al
demonstrated that detection
of MAGE transcripts in blood with a follow-up survey
could predict the prognosis and monitor the response
to therapy. GPC-3 is a membrane-anchored heparin
sulfate proteoglycan, known to be a reliable biomarker
[61]
[57]
for HCC . Yao et al demonstrated that GPC-3 mRNA
abnormality is useful as clinical biomarkers from early
cancer detection to evaluating metastasis. Furthermore,
K19 and CD44 have been shown to be cancer stem cell
[62-65]
markers in HCC
, their significance of prognostic
factor in peripheral blood were also demonstrated by
[58]
Choi et al . However, HCC associated genes were not
always candidates for the markers of CTCs. Although

WJG|www.wjgnet.com

BIOLOGY AND DETECTION OF CELLFREE NUCLEIC ACIDS
cfNAs in peripheral blood of cancer patients, comprised
of DNA, mRNA, and miRNA, are known to come from
apoptotic and necrotic cells or are released from living
[21]
eukaryotic cells . The first discovery of cfNAs in
human peripheral blood was in 1948 by Mandel and
[80]
Metais . However, their work did not gain attention
for a long time due to insufficient understanding of that
new concept, completely different from conventional
[81]
ones. Cell free DNAs were first discovered by Leon et al
in the serum of cancer patients in 1977. They also
suggested it could be a clinical indicator of treatment
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outcome, showing decreased cfDNA levels in response
to radiotherapy. Since then, numerous alterations
in cfNAs have been demonstrated in various cancer
patients. Cell free DNA with cancer characteristics was
[82]
first discovered by Vasioukhin et al in 1989. Tumours
can shed DNA into the circulation. Their discovery
indicated the possibility that cancers could release DNA
into the blood of the cancer patients. This hypothesis
was validated in the plasma of cancer patients: KRAS
[83]
mutation in the pancreatic cancer patients
and
[84]
NRAS mutation in the leukemia patients .
The state of RNA in the blood is easy-to degrade
by the presence of endogenous ribonuclease, however,
cell-free RNA has been demonstrated in blood. The
presence of cfRNA was first discovered in 1999 from the
[85]
serum of patients with nasopharyngeal carcinoma
[86]
and malignant melanoma . Afterwards, many study
group have demonstrated the presence and utility of
[87-89]
mRNA in the blood of various cancer patients
.
[90]
In 2008, Mitchell et al
first demonstrated that
circulating microRNAs (miRNAs) in patients with solid
cancers could be a promising biomarker. Since then,
circulating noncoding RNAs have been intensively
studied. Among them, miRNAs has especially gained
attention. Other noncoding RNAs, such as small
nucleolar RNA (snoRNA), small nuclear RNA (snRNA),
piwi-interacting RNA (piRNA), and long noncoding RNA
(lncRNA), have been also expected to be biomarkers,
however, there are few studies of these. In the future,
further research will probably be necessary.

however, it has not become a mainstream of cfDNA
studies because the elevated levels of cfDNA were
not specific for HCC. Although single nucleotide
[103]
[95,104]
mutation
and copy number variation
were
representative changes for the qualitative strategy, the
“methylation pattern” has been the most intensively
investigated. Initially, the presence and the clinical
utility of circulating cell-free DNA in HCC was reported
[105]
by Wong et al
. Using methylation-specific PCR,
they analyzed p15 methylation patterns in three
kinds of samples such as plasma, serum, and tissues
surgically resected from HCC patients and showed
the following: (1) in the blood samples, methylated
p15 sequences were detected in 25% of patients with
p15 methylation in the tissue; (2) nearly all patients
showing p15 and p16 methylation in the tissue had
detectable methylation abnormalities in their blood
samples; and (3) clinical metastasis or recurrence were
developed in the patients with p15/p16 methylation.
In summary, these epigenetic markers could serve as
diagnostic and prognostic markers. As previous studies
revealed that changes of DNA methylation exited in
various malignancies and played an important role
[106,107]
in carcinogenesis
, following this study, many
researchers investigated the cfDNA methylation
[108-124]
[115]
profile in HCC patients
. For example, Iyer et al
compared the tumor methylation profile for tumor
suppressor genes, such as APC, FHIT, p15, p16, and
E-cadherin, and in tumor tissues and plasma from
the same HCC patients, and demonstrated that con
cordance between the two types of specimens was
statistically significant for all five genes. It suggested
that plasma DNA reliably predicts methylation events
in tissue DNA; therefore, plasma DNA could be used
[116]
for methylation studies. Huang et al
analyzed the
plasma methylation status of four genes (APC, GSTP1,
RASSF1A, and SFRP1) and showed the sufficient
diagnostic value of cfDNAs. Although the area under the
receiver-operation characteristic curve (AUC-ROC) for
an individual gene was not adequate, the combination
analysis of these four genes indicated higher AUC
(0.933) in discriminating HCC from the normal control.
Furthermore, they demonstrated methylated RASSF1A
in plasma could be an independent prognostic factor for
overall survival.
MS-PCR has been widely used for methylation
research, because it provides a rapid and simple
method with high sensitivity and accuracy. More
[125-128]
recently, droplet digital PCR
and genome-wide
[128,129]
high-throughput sequencing
has been reported
as a further accurately detection tools for rare and
multiple types of mutations in circulating DNA. These
novel approaches has revealed that genetic aberrations
in cell-free DNA gained from the bloodstream of cancer
[130-132]
patients and drug resistance were correlating
.
It is required that the potent clinical utility of cell-free
DNA, such as risk assessment, early cancer detection,
prediction of drug resistance and prognostic outcome,

CIRCULATING CELL-FREE DNA
DETECTION AND ITS CLINICAL
RELEVANCE IN HCC PATIENTS
Circulating cfDNA, a naturally occurring biological
material, is generally considered to be a potential novel
[91]
biomarker for a long time . These abnormalities
can be divided into two changes, such as quantitative
changes and qualitative changes. Quantitative changes
appear as higher concentrations of total circulating
cfDNA, qualitative changes are gene mutations,
DNA copy number variations, tumor-specific methy
lation, microsatellite instability (MSI) and loss of
heterozygosity. Thus, analysis of circulating cell-free
DNA in the plasma/serum can be mainly categorized
into two strategies. One of these strategies is to
measure the quantity of cell-free DNA in circulation.
The other strategy is to detect tumor-specific genetic
aberrations. Most researchers have adopted studies the
[92-95]
later one as liquid biopsy
.
Table 2 is the summary of previously demonstrated
candidates. Some researchers have adopted a
[96-102]
[100]
quantitative analysis
. Huang et al
and Chen
[99]
et al
demonstrated that plasma DNA or serum
DNA levels were significantly higher in HCC patients
and they were associated with a poorer prognosis;
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Table 2 Circulating cell-free DNA in hepatocellular carcinoma
Ref

HCC
patients

Sample

Wong et al[105],
2000
Wong et al[108],
2003
Chu et al[109],
2004
Yeo et al[110],
2005
Iizuka et al[96],
2006
Ren et al[97],
2006

25
15
29/22
29
46

Plasma/serum
Buffy coat
Plasma/serum
Buffy coat
Serum

40

Plasma

52

Serum

79

Plasma

Zhang et al[112],
2007
Tan et al[111],
2007
Chan et al[113],
2008
Chang et al[114],
2008
Iyer et al[115],
2010
Yang et al[98],
2011
Szymañska et
al[103], 2011
Iizuka et al[117],
2011
Huang et
al[116], 2011
Huang et al[100],
2012
Chen et al[99],
2012
Mohamed et
al[118], 2012
Chen et al[101],
2013
Piciocchi et
al[102], 2013
Chan et al[95],
2013
Sun et al[119],
2013
Zhang et al[120],
2013

50

Serum

8

Serum

85

Serum

19

Plasma

28

Plasma

60

Plasma

14

Plasma

220

Serum

72

Plasma

72

Plasma

80

Serum

40

Serum

39

Serum

66

Plasma

4

Plasma

43

Serum

37

Serum

66

Serum

160

Serum

121

Serum

40

Plasma

90

Plasma

Huang et al[122],
2014
Han et al[121],
2014
Ji et al[123], 2014
Kuo et al[124],
2014
Jiang et al[104],
2015

Ethnicity

Background liver

Controls

cfDNA abnormalities

Target

Methodolgy
HongKong
Hong
Kong
Korea

HBV: 88%
HCV: 2%
NA

55 (HD: 35, HV: 20)
35 (HD: 15, HV: 20)
50 (HD and HV)
35 (HD: 15, HV: 20)
23 (HD: 23)

Methylation
MS-PCR
Methylation
MS-PCR
HBV: 65%
Methylation
HCV: 22%
MS-PCR
HongHBV: 83%
10 (HV: 10)
Methylation
MS-PCR
Kong
Japan
HCV: 100%
46 (HD: 30, HV: 16)
Quantitative analysis
Real-time PCR
China
HBV: 85%
40 (HD: 20, HV: 20)
Quantitative analysis
Real-time PCR
LC: 86%
Allelic imbalance analysis
Taiwan
HBV: 22%
50
Methylation
HCV: 16%
HV: 50
MS-PCR
Singapore
NA
72 (OT: 62, HV: 10)
Methylation
MS-PCR
HongHBV: 92%
135 (HD: 63, HV: 72)
Methylation
RT-PCR
Kong
China
HBV: 89%
17 (LC: 17)
Methylation
MS-PCR
Egypt
HCV: 79%
NA
Methylation
HNV: 18%
MS-PCR
China
NA
50 (HD: 21, HV: 29)
Quantitative analysis
FQ-PCR
China
Mostly HBV
NA
Single nucleotide mutation
SOMA
Japan
HCV: 100%
202 (HD: 202)
Methylation
MS-PCR
China
HBV: 85%
37 (HD: 37)
Methylation
MSRE-qPCR
China
HBV: 85%
115 (HD: 74, HV: 41)
Quantitative analysis
Real-time PCR
China
HBV: 100%
130 (HD: 80, HV: 50)
Quantitative analysis
Real-time PCR
Egypt
HCV: 100%
60 (HD: 40, HV: 20)
Methylation
Real-time PCR
China
HBV: 79%
45 (HV: 45)
Quantitative analysis
Real-time PCR
Italy
HCV: 51%
76 (HD: 76)
Quantitative analysis
Alcohol: 27%
Real-time PCR
China
NA
20 (HD: 4, HV: 16)
Copy number variation
MPS
China
HBV: 86%
50 (HD: 24, HV: 26)
Methylation
MS-PCR
China
HBV: 100%
33 (HD: 33)
Methylation
Bead Chip, Hot-start PCR,
Pyrosequencing
United
HCV: 100%
43 (HD: 43)
Methylation
Pyrosequencing, MS-PCR
States HCV and HBV: 6%
China
HBV: 22%
133 (HD: 88, HV: 45)
Methylation
MS-PCR
China
HBV: 83%
68 (HD: 37, HV: 31)
Methylation
MS-PCR
Taiwan
NA
34
Methylation
MS-PCR
HongNA
135 (HD: 103, HV: 32)
Copy number variation
CAZA
Kong

P16
P16INK4A
P16INK4A
RASSF1A
GSTP1
NA
D8S258 and D8S264
P15, P16
RUNX3
RASSFIA
APC, GSTP1, RASSF1A,
P16, E-cadherin
APC, FHIT, P15, P16 and
E-cadherin
hTERT
R249S (TP53 mutation)
SPINT2, SRD5A2
APC, GSTP1, RASSF1A,
and SFRP1
NA
NA
RASSF1A
NA
hTERT
NA
TFPI2
DBX2, THY1

INK4A
TRG5
MT1M
HOXA9
NA

NA: Not applicable; HD: Hepatic disease without evidence of HCC; HV: Healthy volunteers; RT-PCR: Reverse transcriptase polymerase chain reaction;
SOMA: Short oligonucleotide mass analysis; CAZA: Chromosome arm-level z-score analysis; MPS: Massively parallel sequencing; MS-PCR: Methylationspecific PCR; RT-PCR: Real time polymerase chain reaction; MSRE-qPCR: Methylation-sensitive restriction enzymes-based quantitative PCR; FQ-PCR: Realtime quantitative fluorescent polymerase chain reaction.
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could be demonstrated in the patients with HCC.

miRNAs were generated from both cell lysis and active
[21,142,143]
secretion
. Furthermore, several researchers
have detected miRNAs in the plasma/serum in a
[143]
remarkably stable form. In this regard, Kosaka et al
proved that secretory mechanisms and intercellular
transfer of microRNAs in living cells. A group of
miRNAs is packaged into small membrane vesicles
called exosomes and released through a ceramidedependent secretory machinery. Furthermore, miRNAs
are remarkably stable form in plasma as they bind to
certain proteins, such as argonaute 2 and high-density
[144]
lipoproteins
. Therefore, all circulating miRNAs,
regardless of whether they are taken into certain
protein complexes and/or cell-derived microvesicles,
has been thought to be sufficiently protected against
the degradation by RNases in the bloodstream. These
findings of recent years have pioneered a novel
research field in cancer science.
[90]
In 2008, Mitchell et al
first reported that
circulating miRNAs could be useful for stable bloodbased markers for cancer detection. Since then,
circulating miRNAs in the blood of cancer patients have
been intensively studied to validate their potential
as biomarkers. Table 3 is the summary of previously
[145]
demonstrated candidates. In 2010, Li et al
first
demonstrated that serum miRNAs expression profile
could be useful as novel noninvasive biomarkers
for the distinction between HBV infection and HBVpositive HCC. Since then, several research groups
have reported the potential utility of miRNAs circulating
in plasma/serum in clinical applications. Concerning
circulating miRNAs in HCC, more than 70 miRNAs
[145-195]
have been thought to be useful for biomarkers
.
Some miRNAs had been used in combination with
AFP, conventional serum tumor marker, to improve
[158,171,177,188,191,195]
diagnostic accuracy
. Moreover, one
miRNA could influence various mRNAs, more and more
miRNAs and related mRNAs continues to be reported
by numerous research groups. However, they are not
always superimposable due to the large variances in
the results. Thus, to realize more accurate diagnosing,
some researchers have tried to use miRNAs in
[150]
combination. Zhou et al
using the unique panel
consisting of 7 mRNAs (miR-122, -192, -21, -223,
-26a, -27a, and -801), based on the expression in
plasma, could differentiate HCC from healthy (AUC =
0.941), chronic hepatitis B (AUC = 0.842), and cirrhosis
[166]
(AUC = 0.884). More recently, Tan et al
reported
that a combination of eight miRNAs could provide high
diagnostic accuracy for HCC.
In terms of diagnosis, it should fully consider that HCC
is an extremely prominent cancer among high-risk group
patients. Patients who are already infected with HBV
and HCV, and/or liver cirrhosis are at risk of developing
liver cancer; however, some candidate miRNAs could not
discriminate HCC patients from patients with liver chronic
[146,147,149,160,162,179,187]
hepatitis, or cirrhosis
. They were
useful for detecting HCC from general population, but not
suitable for further screening, narrowing down patients

CIRCULATING CELL-FREE MRNA IN
PLASMA/SERUM AND HCC
Although RNA is fragile, easily degraded by ribonuclease
(RNase) and the concentration of RNase in plasma/
[133]
serum is known to be elevated in cancer patients ,
many researchers have successfully demonstrated the
stable presence of cell-free mRNAs in the bloodstream
of cancer patients. Recently, novel mechanistic insights
have been gained that these RNAs can be incorporated
into other surrounding such as exosomes, microvesicles
and multivesicles, which considered to be sufficiently
protected from the degradation by RNases and released
[134]
from the cellular surface to the blood
. There are
many studies of cell-free mRNA in the blood of patients
with various solid cancers, and most of them targeted
the mRNAs in plasma/serum whose up-regulation
[87-89,135-137]
were previously validated in cancer tissues
.
Regarding HCC, several study groups investigate mRNA
in peripheral blood mononuclear cells as a marker for
[51-53,55-57,59]
the detection of CTCs
; however, the quantity
of cell-free mRNAs in plasma/serum is exceedingly
small. Further studies of cell-free mRNA in patients with
HCC may provide new knowledge to the research field
of liquid biopsy.

CIRCULATING NONCODING RNA IN
PLASMA/SERUM
Although as much as 80% of genomic DNA had
[138]
already demonstrated to be transcribed into RNAs ,
the Human Genome Project revealed that the open
reading frames of protein genes is only 2% of the 3.2
[139,140]
billion bases
. It can be paraphrased as there are
only a very few human genomic DNAs that actually
code proteins. It is gradually reveled that various
noncoding RNAs (ncRNAs) play crucial roles in several
cellular processes in the transition from DNA to protein.
Therefore, the expression patterns of ncRNAs could
be promising molecular biomarkers in novel diagnostic
[141]
techniques .
For circulating ncRNAs, particular attention has been
paid to miRNAs. MiRNAs are small non-coding RNAs
that play crucial roles in various cellular processes. A
single miRNA could regulate the expression of genes as
follows: A guide strand of mature miRNA is taken into
the RNA-induced silencing complex and then hybridizes
to the 3′-untranslated region of their target mRNAs to
translate or degrade these mRNAs. Thus, miRNAs have
occupied important place in all cellular processes, some
alterations in miRNA expression has come to draw a
lot of attention in the association with various disease.
Particularly, some researchers have demonstrated
that specific miRNAs could act like oncogenes or
tumor suppressors. Several studies in recent years on
this subject have also shown that some extracellular
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Table 3 Circulating cell-free microRNA in hepatocellular carcinoma
miR

Expression Sample

miR-1

HCC
patients

Ethnicity

Background liver

Controls

Value

Ref.

HCV: 45%, Alcohol: 33%,
HBV: 17%
Alcohol: 23%
HBV: 88%
NA
HCV: 64%, HBV: 20%
NA
HCV: 100%
NA
HCV: 100%
HBV: 100%
HBV: 70%
HCV: 100%
HBV:100%
HCV:68%, HBV: 23%
HBV: 75%
HBV: 95%
HBV: 62%
HCV: 87%, HBV: 13%
HBV: 100%
NA
HBV: 63%, HCV: 4%
HCV: 100%
HBV: 100%
HBV: 100%
HBV: 63%, HCV: 4%
HBV: 100%
HBV: 100%
HCV: 100%
HCV: 63%
HCV: 100%
HCV: 100%
HBV: 100%
HBV: 100%
HBV: 100%
HBV: 100%
HBV: 70%
HBV: 63%, HCV: 4%
Alcohol: 23%
HBV: 100%
HBV: 75%
HCV: 45%, Alcohol: 33%,
HBV: 17%
HCV: 100%
HBV: 95%
HCV: 100%
HBV: 100%
HBV: 70%
NA
HBV: 88%
HBV: 100%
HBV: 100%
HBV: 100%
HBV: 100%
HBV: 100%
HBV: 100%
HBV: 100%
HCV: 100%
HBV: 87%
HCV: 100%
HCV: 100%
HBV: 88%
NA
HBV: 100%
NA
HBV: 100%
HCV: 100%

54 (HD: 54)

P

Köberle et al[155] 2013

81 (HD: 81)
59 (HD: 29, HV: 39)
60 (HD: 29, HV: 31)
178 (HD: 107, HV: 7)
60 (HV: 60)
60 (HD: 40, HV: 20)
NA
84 (HD: 56, HV: 28)
90 (HD: 30, HV: 60)
40 (HD: 40)
167 (HD: 125, HV: 42)
477 (HD: 310, HV: 167)
80 (HD: 30, HV: 50)
137 (HD: 48, HV: 89)
NA
30 (HV: 30)
17 (HD: 17)
72 (HD 48, HV: 24)
60 (HV: 60)
85 (HD: 42, HV: 43)
192 (HD: 192)
77 (HD: 31, HV: 46)
477 (HD: 310, HV: 167)
85 (HD42, HV: 43)
406 (HD 233, HV: 173)
477 (HD: 310, HV: 167)
192 (HD: 192)
NA
84 (HD: 56, HV: 28)
167 (HD: 125, HV: 42)
74 (HD: 46, HV: 28)
400 (HD: 280, HV: 120)
20 (HV: 20)
170 (HD: 140, HV: 3,)
40 (HD: 40)
85 (HD: 42, HV: 43)
81 (HD: 31, HV: 50,)
72 (HD: 48, HV: 24,)
137 (HD: 48, HV: 89,)
54 (HD: 54)

D
D
D
D
D
D
P
D
D
D
D
D
D, P
D
P
D, P
D
D
D, P
D
D
D, P
D
D
D
D
D
P
D
D
D
D
D
D
D
D
D
D
D
P

Jiang et al[175] 2015
Liu et al[152] 2012
Chen et al[170] 2015
Qu et al[148] 2011
Ge et al[161] 2014
El-Abd et al[174] 2015
Zheng et al[159] 2013
Oksuz et al[178] 2015
Li et al[151] 2012
Sohn et al[179] 2015
Motawi et al[177] 2015
Zhou et al[150] 2011
Tomimaru et al[153] 2012
Xu et al[149] 2011
Liu et al[164] 2014
Wang et al[180] 2015
Amr et al[186] 2016
Qi et al[147] 2011
Ge et al[161] 2014
Zhuang et al[195] 2016
Zekri et al[194] 2016
Meng et al[165] 2014
Zhou et al[150] 2011
Zhuang et al[195] 2016
Tan et al[166] 2014
Zhou et al[150] 2011
Zekri et al[194] 2016
Liu et al[176] 2015
Oksuz et al[178] 2015
Motawi et al[177] 2015
Giray et al[162] 2014
Chen et al[171] 2015
Fu et al[154] 2013
Xie et al[167] 2014
Sohn et al[179] 2015
Zhuang et al[195] 2016
Jiang et al[175] 2015
Qi et al[147] 2011
Xu et al[149] 2011
Köberle et al[155] 2013

70 (HD: 60, HV: 10)
NA
192 (HD: 192)
477 (HD: 310, HV: 167)
40 (HD: 40)
NA
HV (HV: 85)
74 (HD: 46, HV: 28)
NA
DN: 30
406 (HD: 233, HV: 173)
178 (HD: 122, HV: 56)
74 (HD: 46, HV: 28)
38 (HD: 20, HV: 18)
55 (HD: 55)
NA
55 (HD: 55)
167 (HD: 125, HV: 42)
59 (HD: 29, HV: 30)
31 (HD: 31)
406 (HD: 233, HV: 173)
245 (HD: 118, HV: 127)
38 (HD: 20, HV: 18)
167 (HD: 125, HV: 42)

D
P
D
D
D
P
D
D
P
D
D
D
D
D
D
P
D
D
D
D, P
D
D
D
D

El-Garem et al[160] 2014
Liu et al[164] 2014
Zekri et al[194] 2016
Zhou et al[150] 2011
Sohn et al[179] 2015
Xu et al[181] 2015
Luo et al[156] 2013
Giray et al[162] 2014
Cho et al[172] 2015
Hung et al[189] 2016
Tan et al[166] 2014
Chen et al[187] 2016
Giray et al[162] 2014
Ghosh et al[188] 2016
Khairy et al[190] 2016
Zhuang et al[184] 2015
Khairy et al[190] 2016
Motawi et al[177] 2015
Liu et al[152] 2012
Li et al[163] 2014
Tan et al[166] 2014
Zhang et al[168] 2014
Ghosh et al[188] 2016
Motawi et al[177] 2015

Up

Serum

195

Germany

miR-10b
miR-15b
miR-15b-5p
miR-16

Up
Up
Down
Down

Blood
Serum
Plasma
Serum

miR-17-5p

Up

Serum

Up
Up
Down
Up

Serum
Serum
Serum
Plasma

27
153
37
105
90
40
136
8
101
20
112
457
136
101
136
97
23
70
90
52
192
84
457
52
261
457
192
242
8
112
20
104
25
67
20
52
27
70
101
195

China
China
China
United States
China
Egypt
China
Turkey
China
South Korea
Egypt
China
Japan
China
China
China
Egypt
China
China
China
Egypt
China
China
China
China
China
Egypt
China
Turkey
Egypt
Turkey
China
China
China
South Korea
China
China
China
China
Germany

30
136
192
457
20
122
85
20
120
120
261
64
20
59
23
222
23
112
153
31
261
95
59
112

Egypt
China
Egypt
China
South Korea
China
China
Turkey
South Korea
China
China
China
Turkey
India
Egypt
China
Egypt
Egypt
China
China
China
China
India
Egypt

miR-18a
miR-19a
miR-21

Serum

Down

Serum

miR-22
miR-24-3p
miR-26a

Down
Up
Down

miR-26a-5p
miR-27a
miR-29b
miR-30c
miR-30c-5p
miR-34a
miR-92a-3p
miR-96
miR-101

Down
Down
Down
Down
Down
Up
Up
Up
Up
Down

Serum
Serum
Plasma
Serum
Serum
Plasma
Serum
Serum
Serum
Serum
Plasma
Serum
Serum
Serum

Up
Up

Blood
Serum

miR-106b
miR-122

miR-122a
miR-122-5p

miR-125b
miR-125b-5p
miR-126
miR-128-2
miR-129
miR-130a
miR-130b
miR-139
miR-141-3p
miR-143
miR-143-3p
miR-146a

Down

Plasma
Serum

Down
Up

Serum
Plasma
Plasma
Serum
Serum
Plasma
Plasma
Plasma
Serum
Serum
Serum
Serum
Serum
Plasma
Serum
Serum
Plasma
Serum

Down
Down
Up
Up
Down
Up
Down
Up
Up
Down
Up
Up
Up
Up

WJG|www.wjgnet.com

5658

August 21, 2017|Volume 23|Issue 31|

Okajima W et al . Liquid biopsy in patients with HCC
miR-150
miR-155
miR-181a
miR-181b
miR-182
miR-192

Down
Down
Down
Up
Up
Up

miR-192-5p
miR-195

Down
Down

Serum
Serum
Blood
Serum
Serum
Plasma
Serum
Serum
Serum

miR-199a

Down

Serum

miR-199a-3p
miR-199a-5p
miR-200a
miR-203
miR-203a
miR-206
miR-215
miR-218
miR-221

Down
Down
Up
Down
Down
Up
Up
Down
Up

Serum
Serum
Serum
Serum
Serum
Serum
Serum
Serum
Serum

miR-222

Down
Up

Serum
Serum

miR-223

Up

Serum
Serum
Plasma
Serum
Plasma
Serum
Plasma

Down
miR-223-3p

Down

miR-224

Up

Serum

miR-224-5p
miR-296
miR-302c-3p
miR-331-3p
miR-335
miR-338-5p
miR-375

Serum
Serum
Serum
Serum
Serum
Plasma
Serum

miR-433-3p
miR-483-5p

Up
Up
Down
Up
Down
Up
Up
Down
Up
Up

miR-500a
miR-764
miR-801
miR-885-5p

Up
Up
Up
Up

Serum
Plasma
Plasma
Serum

miR-1228-5p
let-7b
let-7f

Up
Up
Down

Serum
Serum
Serum

Serum
Serum

120
23
27
192
103
457
112
261
112
20
105
40
78
23
192
261
136
23
242
261
95
156
20
192
30
70
20
70
101
457
23
20
8
107

China
Egypt
China
Egypt
China
China
Egypt
China
Egypt
South Korea
United States
Egypt
China
Egypt
Egypt
China
China
Egypt
China
China
China
China
South Korea
Egypt
Egypt
China
South Korea
China
China
China
Egypt
Turkey
Turkey
Japan

20
182
122
136
112
8
103
125
37
120
78
261
69
112
112
37
457
46
192
261
120
90

South Korea
China
China
China
Egypt
Turkey
China
China
China
China
China
China
United States
China
China
China
China
China
Egypt
China
China
China

HBV: 100%
HCV: 100%
Alcohol: 23%
HCV: 100%
NA
HBV: 100%
HCV: 100%
HBV: 100%
HCV: 100%
HBV: 70%
HCV: 64%, HBV: 20%
HCV: 100%
NA
HCV: 87%, HBV: 13%
HCV: 100%
HBV: 100%
HBV: 95%
HCV: 100%
HCV: 63%
HBV: 100%
NA
HBV: 72%
HBV: 70%
HCV: 100%
HCV: 100%
HBV: 100%
HBV: 70%
HBV: 100%
HBV: 75%
HBV: 100%
HCV: 100%
HBV: 100%
HCV: 100%
HCV: 41%, HBV: 18%,
Alcohol: 15%
HBV: 70%
HBV: 87%
HBV: 100%
HBV: 95%
HCV: 100%
HCV: 100%
NA
NA
NA
HBV: 100%
NA
HBV: 100%
HCV: 63%, HBV: 14%
NA
NA
NA
HBV: 100%
HBV: 72%
HCV: 100%
HBV: 100%
HBV: 100%
NA

230 (HD: 110, HV: 120)
55 (HD: 55)
81 (HD: 31, HV: 50)
192 (HD: 192)
135 (HD: 95, HV: 40)
477 (HD: 310, HV: 167)
167 (HD: 125, HV: 42)
406 (HD: 233, HV: 173)
167 (HD: 125, HV: 42)
40 (HD: 40)
178 (HD: 107, HV: 71)
60 (HD: 40, HV: 20)
156 (HV: 156)
17 (HD: 17)
192 (HD: 192)
406 (HD: 233, HV: 173)
NA
55 (HD: 55)
NA
406 (HD: 233, HV: 173)
245 (HD: 118, HV: 127)
162 (HD: 98, HV: 64)
40 (HD: 40)
192 (HD: 192)
70 (HD: 60, HV: 10)
72 (HD: 48, HV: 24)
40 (HD: 40)
72 (HD: 48, HV: 24)
137 (HD: 48, HV: 89)
477 (HD: 310, HV: 167)
55 (HD: 55)
74 (HD: 46, HV: 28)
84 (HD: 56, HV: 28)
102 (HD: 27, HV: 75)

D
D
D
D
D
D, P, T

Yu et al[183] 2015
Khairy et al[190] 2016
Jiang et al[75] 2015
Zekr et al[194] 2016
Chen et al[169] 2015
Zhou et al[150] 2011
Motawi et al[177] 2015
Tan et al[166] 2014
Motawi et al[177] 2015
Sohn et al[179] 2015
Qu et al[148] 2011
El-Abd et al[174] 2015
Yin et al[182] 2015
Amr et al[186] 2016
Zekri et al[194] 2016
Tan et al[166] 2014
Liu et al[176] 2015
Khairy et al[190] 2016
Liu et al[176] 2015
Tan et al[166] 2014
Zhang et al[168] 2014
Yang et al[193] 2016
Sohn et al[179] 2015
Zekri et al[194] 2016
El-Garem et al[174] 2014
Qi et al[147] 2011
Sohn et al[179] 2015
Qi et al[147] 2011
Xu et al[149] 2011
Zhou et al[150] 2011
Khairy et al[190] 2016
Giray et al[162] 2014
Oksuz et al[178] 2015
Okajima et al[192] 2016

40 (HD: 40)
NA
157 (HD: 135, HV: 22)
NA
167 (HD: 125, HV: 42)
84 (HD: 56, HV: 28,)
135 (HD: 95, HV: 40)
250 (HD: 125, HV: 125)
60 (HD: 29, HV: 31)
393 (HD: 183, HV: 210)
156 (HV: 156)
406 (HD: 233, HV: 173)
69 (HV: 69)
141 (HD: 56, HV: 85)
141 (HD: 56, HV: 85)
60 (HD: 29, HV: 31)
477 (HD: 310, HV: 167)
105 (HD: 64, HV: 24, GC: 17)
192 (HD: 192)
406 (HD: 233, HV: 173)
30 (DN: 30)
60 (HV: 60)

D
D, P
D
P
D
D
D, P
D, P
D
D
D
D
D
D
D
D
D
D
D
D
D
D, P

Sohn et al[179] 2015
Zhuang et al[185] 2015
Lin et al[191] 2016
Liu et al[164] 2014
Motawi et al[177] 2015
Oksuz et al[178] 2015
Chen et al[169] 2015
Cui et al[173] 2015
Chen et al[170] 2015
Li et al[145] 2010,
Yin et al[182] 2015.
Tan et al[166] 2014
Shen et al[157] 2013
Zhang et al[158] 2013
Zhang et al[158] 2013
Chen et al[170] 2015
Zhou et al[150] 2011
Gui et al[146] 2011
Zekri et al[194] 2016
Tan et al[166] 2014
Hung et al[189] 2016
Ge et al[161] 2014

D, P
D
D
D
D, P
D
D
D
D
D
D
D, P
D
D
D
D
P
D
P
D
D
D, P
D
D
D
D
D

NA: Not applicable; HV: Healthy volunteers; HD: Hepatic disease without evidence of HCC; GC: Gastric cancer; DN: Dysplastic nodule; D: Diagnostic
marker; P: Prognostic marker; T: Treatment outcome marker.

who already have some risks for HCC. Recently, Zhou
[150]
[178]
[191]
[194]
et al , Okusuz et al , Lin et al , and Zekri et al
defined three subgroups of healthy volunteers, with
patients with chronic hepatitis and cirrhosis as controls.
[177]
[192]
Most recently, Motawi et al
and our group
set
subgroups according to fibrosis stage. To demonstrate
the clinical utility for diagnosis, it is necessary to select
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appropriate controls.
Accumulating evidence of circulating cell-free
miRNAs made clear their clinical utility as prognostic
biomarker as well as a marker for the detection of
[184,196-205]
HCC
. In terms of the two types of curative
[159]
treatment, Zheng et al
demonstrated that the level
of serum miR-17-5p could serve as a novel prognostic
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marker for HCC patients who underwent surgical
[172]
resection, and Cho et al
demonstrated that high
plasma miR-122 expression was associated with poor
overall survival in patients with HBV-related HCC who
underwent radiofrequency ablation (RFA). In terms
of the treatment for unresectable HCC, trans-arterial
[164]
chemoembolization (TACE), Liu et al
demonstrated
that miR-200a was the independent prognostic factor
associated with survival.
Most recently, our group found that miR-224 may
be an indicator of residual tumor in non-surgical
treatment, such as percutaneous ablation therapy
and/or TACE, although this was preliminary result
[192]
because the number of cases was small
. Despite
accumulating evidence, we should recognize that
several challenges remain for clinical application.
Regarding inter- and intra-individual variation, the kind
of blood samples such as serum, plasma or all blood
for better clinical application of miRNAs as a liquidbased biomarker, many issues should be addressed.
Furthermore, it is necessary to build a consensus what
molecule is suitable for clinical application.
Recent research has demonstrated that several
noncoding RNAs regulate oncogenic and/or tumor[150,180]
[150]
suppressive functions. PTEN
, Stathmin1
,
[152]
[164]
[167]
[167]
RUNX3
, Rho-kinase 2
, Mcl-1
, SOX9
,
[175]
[168]
[177]
[169]
p21/E2F5
, FNDC3B
, VEGF
, TP53INP1
,
[187]
[194]
[194]
[194]
LIN28B
, ADAM17
, ISRE
, CDKN1B/p27
,
[194]
[194]
[194]
[194]
CDKN1C/p57 , TIMP3 , HDAC4 , and mTOR ,
have been demonstrated to have cancer-related
functions, and validated as targets for specific miRNAs
[206]
in the blood of patients with HCC
. The noncoding
RNAs, such as lncRNA, snoRNA, snRNA, and piRNA,
in the blood of patients with HCC remain unexplored.
We hope further studies of circulating noncoding RNAs
based on the knowledge of recent years in HCC will
shed more light on this research field.

the Tables, while all patients were infected with HBV in
some reports from China and South Korea, all patients
infected with HCV in other reports from Egypt. Their
results were too biased by sample characteristics, it
is desirable to be validated in another cohort before
further clinical application.
The utility of the current serum biomarkers,
such as AFP, AFP-L3, and proteins induced through
vitamin K deficiency, and imaging modalities, such
as ultrasonography, computed tomography, and
gadolinium ethoxybenzyl diethylenetriamine pen
taacetic acid-enhanced liver magnetic resonance
imaging (GdEOB-DTPA-enhanced MRI) is far from
satisfactory. What is now required is less invasive and
repeatable methodology. Accumulating evidence of
liquid biopsy might facilitate a more sensitive diagnosis
and individualized decision-making in the duration of
treatment of HCC. A challenge is how to achieve further
development based on recent studies. Many issues
should be addressed before these promising results can
be translated into a real clinical settings.
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AIM
To evaluate the measurement of zonulin level and
antibodies of zonulin and other tight junction proteins
in the blood of controls and celiac disease patients.
METHODS
This study was conducted to assess the variability or
stability of zonulin levels vs IgA and IgG antibodies
against zonulin in blood samples from 18 controls at
0, 6, 24 and 30 h after blood draw. We also measured
zonulin level as well as zonulin, occludin, vinculin,
aquaporin 4 and glial fibrillary acidic protein antibodies
in the sera of 30 patients with celiac disease and 30
controls using enzyme-linked immunosorbent assay
methodology.
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RESULTS
The serum zonulin level in 6 out of 18 subjects was low
or < 2.8 ng/mL and was very close to the detection
limit of the assay. The other 12 subjects had zonulin
levels of > 2.8 ng/mL and showed significant fluctua
tion from sample to sample. Comparatively, zonulin
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and undigested dietary proteins from reaching the
underlying lamina propria. Many factors can alter
intestinal barrier structures, causing increased barrier
permeability. These factors include physical and/or
[5]
[6-8]
emotional stress , gut microbiota modifications ,
[9]
dust mite allergen , long-term use of non-steroidal
[10-12]
[8,13]
[14]
anti-inflammatory drugs
, diet
, alcohol
and
[15-17]
autoimmune reactivity against barrier structures
.
Lacing the epithelial cells to one another are complex
cellular junctions: tight junctions, gap junctions,
[4]
adherens junctions and desmosomes . Making up the
tight junctions are occludins and claudins with zonulin
anchoring them to the actomyosin network within
the epithelial cells. Together these cells regulate the
intestinal paracellular pathway.
Occludin and claudin are intra-membrane proteins,
[3]
which regulate water ion flow and electrolyte loss .
Occludin has also been linked to the regulation of
intermembrane and paracellular diffusion of small
[18]
molecules .
Zonula occludens (ZO-1, ZO-2, ZO-3) are intr
acellular tight junction proteins that bind directly the
C-terminal 146 amino acids of occludin to the cable
[19]
cytoskeletal protein actomyosin . Zonula occludens
are members of a family of membrane-associated
signaling proteins known as the membrane-associated
[20]
guanylate kinase homologs (MAGUKs) . MAGUKs
are suggested to be involved in signal transduction
[21,22]
pathways controlling growth and differentiation
.
Zonulin modulates small-intestinal tight junction per
meability through a protein kinase C-alpha-mediated
[23]
actin polymerization .
Vinculin is a cytoskeletal protein that is found in
[24,25]
both focal contacts and adherens junction
, and
contributes to the mechanical link of the contractile
actomyosin cytoskeleton to the extracellular matrix
through integrin receptors. Vinculin is capable of
[26]
[27-29]
binding to alpha-actinin, actin, talin and to itself
.
Vinculin also plays a role in the establishment, or
[30,31]
regulation, of cadherin-based cell adhesion
.
Beneath the intestinal epithelial cells reside ast
rocyte-like cells, known as enteric glia cells (EGCs).
The expression marker, glial fibrillary acidic protein
(GFAP), of EGCs is identical to the astrocytes of the
[32,33]
central nervous system
. GFAP is an intermediate
filament that is closely related to its non-epithelial
family members, vimentin, desmin, and peripherin,
which are all involved in the structure and function
of the cell’s cytoskeleton. GFAP is thought to help
[34]
to maintain astrocyte mechanical strength . The
mucosal EGC population are in close proximity to
the epithelial cells of the colonic crypts and their
terminal foot processes often extend to the epithelial
basement membrane and blood capillaries in the
[33,35]
intestinal mucosa
. EGCs are the major constituent
of the enteric nervous system and outnumber enteric
[35]
neurons by a factor of 4 to 10 .
Aquaporin 4 (AQP4) is a class of water channels
found in many cells of the body including the stomach,

antibody measured in all samples was highly stable and
reproducible from sample to sample. Celiac disease
patients showed zonulin levels with a mean of 8.5 ng/
mL compared to 3.7 ng/mL in controls (P < 0.0001).
Elevation of zonulin level at 2SD above the mean was
demonstrated in 37% of celiac disease patients, while
antibodies against zonulin, occludin and other tight
junction proteins was detected in up to 86% of patients
with celiac disease.
CONCLUSION
Due to its fluctuation, a single measurement of zonulin
level is not recommended for assessment of intestinal
barrier integrity. Measurement of IgG and IgA antibod
ies against zonulin, occludin, and other tight junction
proteins is proposed for the evaluation of the loss of
intestinal barrier integrity.
Key words: Zonulin; Occludin; Tight junction protein;
Intestinal barrier integrity; Celiac disease
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We studied possible variability in zonulin
levels vs measuring antibodies against zonulin and
other tight junction proteins in blood. We found that
fluctuations in zonulin level from hour-to-hour and dayto-day were too great to recommend it for assessing
intestinal permeability. Measurement of IgG and IgA
antibodies against tight junction proteins in controls
and in celiac disease patients proved to be very stable
and reproducible, and we recommend this method for
such an assessment in future studies.
Vojdani A, Vojdani E, Kharrazian D. Fluctuation of zonulin levels
in blood vs stability of antibodies. World J Gastroenterol 2017;
23(31): 5669-5679 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i31/5669.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i31.5669

INTRODUCTION
The intestinal barrier is one of the most continuously
challenged body barriers. Its importance for main
taining health cannot be overestimated. Protected
by outer layers of gut microbiota and mucus, the
intestinal epithelial layer is the last defensive barrier.
This one-cell-thick, picket fence-like structure both
absorbs nutrients and blocks the entry of immunogenic
molecules from infiltrating the body. If the barrier
is breached, inflammation, autoimmunity or even
[1,2]
cancer may follow . A broken barrier, therefore, is
a serious matter and a therapeutic target for disease
[3,4]
amelioration .
Intestinal barrier structures include epithelial
cells and a system of junctions linking them toge
ther. This structure prevents pathogens, endotoxins
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brain, lung, and skeletal muscle. It is the predominant
water channel in the central nervous system. In the
brain, AQP4 is believed to have a role in maintaining
and regulating the brain’s functions. These same water
channel cells are found in plants, which studies indicate
may be involved in the development of some neural
[36]
autoimmune diseases through molecular mimicry .
Other studies also suggest the involvement of intestinal
aquaporins in early stage inflammatory bowel disease
[37-39]
and intestinal barrier integrity impairment
.
A variety of tests have been introduced for the
assessment of intestinal epithelial cell damage, in
testinal tight junction integrity and increased intestinal
permeability to macromolecules. This includes the
measurement of fatty acid binding proteins, glutathione
S-transferase, claudins, the absorption of polyethylene
glycols, circulating bacterial endotoxins, anti-endotoxin
antibodies, zonulin level in blood, and others. These
methods for the assessment of barrier integrity and
[40]
function were reviewed by Grootjans et al .
During the past 3 years, a few published studies
have shown elevations of zonulin levels in the blood of
[41]
subgroups of patients with type 1 diabetes , metabolic
[42]
[43]
syndrome , polycystic ovary syndrome , and type
[44]
2 diabetes . Based on these publications, several
clinical laboratories are now offering measurement of
zonulin levels in blood as a biomarker of gut barrier
assessment and autoimmunities.
This is despite indications that molecules such
as zonulin and occludin have molecular sizes from
[45-47]
45000-65000 Da
. Molecules greater than 5000
Da in size are immunogenic and thus, incite immune
cells into action. That is why levels of molecules such
as zonulin and similar molecules, in a single individual,
fluctuate from non-detectable to upregulated within
[41,48-50]
minutes to hours
. When these immunogenic
molecules enter the submucosa and then into circula
tion, immune system macrophages will take up the
molecules, or they are processed by liver Kupffer cells.
Because of this innate immune response, molecule
levels will fluctuate in the blood stream. The half-life
of these molecules, in the blood stream, ranges from
[48,50,51]
4 min to 4 h
. Indeed, this fluctuation in blood
zonulin level was studied for a period of 6 d in ICU
patients with sepsis, and values were varied by a factor
[52]
of 2-10 from day to day .
The first goal of this study was to measure zonulin
level at 0-, 6-, 24- and 30-h blood-draw intervals.
On the other hand, because the half-life of antibodies
is about 21 d, the assessment of antibodies against
zonulin provides a better clinical picture with one
blood draw. Consequently we decided to measure IgA
and IgG antibodies against zonulin in the same blood
specimens. Finally, zonulin levels in blood have not
been measured in celiac disease (CD). We decided to
measure both zonulin level and zonulin antibody as
well as antibodies against other tight junction proteins
in patients with CD.

WJG|www.wjgnet.com

MATERIALS AND METHODS
Antigens such as zonulin, occludin, vinculin, AQP4,
and GFAP were purchased from Abcam (Abcam,
Cambridge, MA, United States). A zonulin enzymelinked immunosorbent assay (ELISA) kit was purchased
from MyBioSource (MyBioSource, Inc., San Diego,
CA, United States). Seventy-two blood samples were
obtained from 18 volunteers at intervals of 0, 6, 24, and
30 h. We did not test the 18 volunteers for allergies,
diabetes, CD, NCGS, other possible GI complaints,
autoimmune disorders or any other general conditions.
Blood samples were then centrifuged and the se
parated sera were kept at -20 ℃ for 48 h and then
used for the measurement of zonulin concentration as
well as IgG and IgA levels to zonulin and other tight
junction proteins. Sera from 30 random human donors
aged 18-65 were purchased from Innovative Research
Inc. (Southfield, MI, United States). The samples
were registered as healthy human subjects. Before
shipping, each blood sample was tested according to
FDA guidelines for the detection of hepatitis B surface
antigen, antibodies to HIV, antibodies to hepatitis C,
HIV-1 RNA, and syphilis. All units yielded non-reactive/
negative results for each test performed. Additionally,
commercially available sera from 30 patients with CD
were purchased from the Binding Site (San Diego, CA,
United States.), Inova (San Diego, CA, United States),
Diamedix (Miami Lakes, FL, United States.), Innovative
Research (Novi, MI, United States.), and Trina Inter
national Nanikon (Switzerland). The samples from
patients with CD were confirmed by degree of positivity
for IgA against both deamidated alpha gliadin peptide
as well as IgA to transglutaminase-2 antibody using
kits purchased from Inova Diagnostics. Zonulin levels
as well as levels of IgG and IgA antibodies to zonulin
and other tight junction proteins were measured in
these specimens.

Measurement of zonulin

Determination of zonulin levels in serum was done
using sandwich ELISA technique. In this kit the precoated antibody is human zonulin monoclonal antibody,
and the detecting antibody is polyclonal antibody
labeled with biotin. The standard curve ranged from
1.5-100 ng/mL with a sensitivity starting at 3 ng/mL.

Measurement of IgG and IgA against tight junction
proteins by ELISA

Zonulin, occludin, vinculin, AQP4, and GFAP at a con
centration of 100 ng/mL were each dissolved in 0.01
mol/L phosphate buffer saline with a pH of 7.4. These
proteins were then diluted 1:100 in 0.1 mol/L carbonate
buffer, pH 9.5, and 100 µL were added to wells of
microtiter plates and incubated for 8 hours at room
temperature followed by incubation at 4 ℃ for 16 h.
The plates were washed three times with 200 µL of
Tris-buffered saline (TBS) containing 0.05% Tween 20
(pH 7.4). The non-specific binding of immunoglobulins
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was prevented by adding 200 µL of 2% bovine serum
albumin (BSA) in TBS, and incubated overnight at 4 ℃.
Plates were washed as previously described and then
serum samples (diluted 1:50 for IgA, 1:100 for IgG) in
1% BSA in TBS containing 0.05% Tween 20 (pH 7.4)
were added to duplicate wells and incubated for 1 h at
room temperature.
Plates were washed, and then alkaline phosphatase
goat antihuman IgG or IgA F(ab)2 fragments (KPI,
Gaithersburg, MD) optimal dilution of 1:400 for IgA
and 1:800 for IgG in 1% BSA-TBS were added to
each appropriate well; plates were incubated for an
additional hour at room temperature. After washing
five times with TBS-Tween buffer, the enzyme
reaction was started by adding 100 µL of 1 mg/mL
paranitrophenylphosphate in diethanolamine buffer
containing 1 mmol/L MgCl2 and sodium azide (pH 9.8).
The reaction was stopped 45 mins later with 50 µL of 2
mol/L NaOH. The optical density (OD) was read at 405
nm by a microtiter plate reader. To exclude nonspecific
binding, the ODs of the control wells coated with dry
milk or human serum albumin were subtracted from
all other wells. Sera from patients with CD with known
high titers of IgG and IgA against various tight junction
proteins were used as positive controls. Also assay
normalizer positive and negative controls were used for
additional levels of quality control and the calculation of
the ELISA indices. For each assay the ELISA index was
calculated using the following formula: ELISA index =
(mean OD of sample - background)/(mean OD of serum
normalizer - background)

6 had serum zonulin levels measuring less than 2.8
ng/mL, and due to lack of sensitivity those levels did not
significantly fluctuate, as shown in Figure 1. However,
for the other 12 subjects who had serum zonulin levels
measuring greater than 2.8 ng/mL at time 0 (Figure 2),
significant fluctuation in zonulin levels was observed in
almost all 12 of these subjects at the 6-, 24- or 30-h
blood draws (Figure 2). Since zonulin is a relatively
large molecule with the approximate size of 55000 Da,
it may enter the systemic circulation after its release
from the tight junctions where an immune response
against it can result in the production of zonulinspecific antibodies. To demonstrate their stability, IgG
and IgA antibodies to zonulin were measured in the
same 18 subjects along the 30-h time course. Data
presented in Figures 1B and C and 2B and C showed
that both IgG and IgA antibody levels from blood
obtained at 0, 6, 24, and 30 h were highly stable with
variations of less than 10%.
Serum zonulin levels were then measured in 30
healthy controls along with 30 patients with known
celiac disease. The CD patients showed statistically
significant higher serum zonulin levels with a mean of
8.5 ng/mL compared to healthy control subjects with
a mean of 3.7 ng/mL (p < 0.0001). At 2 standard
deviations above the mean of control subjects, 10% or
33% of the 30 CD patients demonstrated elevation of
serum zonulin levels (Figure 3A).
To establish whether serum zonulin levels correlate
with zonulin and other tight junction protein antibodies,
zonulin, occludin, vinculin, AQP4 and GFAP antibody
levels were measured in the same 30 patients and 30
controls. The distribution of IgG and IgA antibodies
against tight junction proteins in these patients is shown
in Figure 3B-F. At three standard deviations above the
mean of healthy controls, 63% and 67%, 87% and
77%, 70% and 57% respectively had serum IgG and
IgA antibody reactivity against zonulin, occludin, and
vinculin. The elevation of both IgG and IgA antibodies
against AQP4 was 43%; against enteric glial cells
expressing GFAP it was 23% for IgG and 53% for IgA
(Figure 3). Statistical analysis was performed using
Ecxel to compare controls and CD patients; for zonulin
level p value ≤ 0.002, while for tight junction proteins
antibody levels p value ≤ 0.001. Since not all patients
with celiac disease had serum zonulin elevation, we
examined the correlation between serum zonulin
levels and tight junction protein antibodies. Overall,
we found three subgroups. Subgroup 1 consists of 9%
or 30% of the CD patients with significant elevations
in both zonulin level and antibodies against zonulin
and other tight junction proteins when compared to
the mean control levels shown in Figure 3. Subgroup
2 consists of 13% or 43% of the CD patients with a
normal serum zonulin level but a significant elevation
in IgG or IgA antibodies against zonulin, occludin, and
other tight junction proteins. Subgroup 3 is composed
of 8% or 27% of the CD patients with low or normal
serum zonulin levels and low or normal IgG and IgA

Statistical analysis

Statistical analysis was performed to study the
relationships of zonulin level, zonulin antibody, occludin
antibody, vinculin antibody, AQP4 antibody, and glial
fibrillary acid protein antibody. The determination
of the presence of statistically significant correlative
relationships was conducted with Pearson’s correlation
coefficients, Kendall’s tau and Spearman’s rho. These
measures are invariant to any monotonic transformation.
A standard p-value of 0.05 and a confidence interval of
95% were used. Correlative analysis and the magnitude
of relationship were reported. STATA software package
was used to conduct all inferential and descriptive
analysis.

RESULTS
Serum zonulin level was measured in the sera of 18
control subjects at different intervals as well as in
sera from 30 patients with known CD. The zonulin
assay r² for the standard curve was 0.998, and the
reproducibility of the duplicates varied less than 10%
for samples with zonulin concentration of 2.8 ng/mL or
greater. This indicated that the analytical sensitivity of
the assay for serum zonulin levels was 2.8 ng/mL; for
samples with zonulin levels < 2.8 the reproducibility
of duplicates was not good. Of the 18 control subjects,
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Figure 1 Minimal fluctuations in zonulin levels in individuals with low levels of zonulin (A), IgG antibody (B), and IgA antibody (C) in a subgroup of 6 out of
18 subjects.

exceptions of zonulin level with AQP4 IgA (r = 0.24, p
= 0.197).
Zonulin levels had statistically significant correlations
with zonulin IgA and IgG antibodies; for IgG the
relationship with zonulin levels and zonulin IgG was r =
0.34, P = 0.064, but the magnitude of the relationship
was much stronger with zonulin IgA antibodies (r = 0.55,
P = 0.002). Zonulin levels also had statistically significant
correlations with vinculin IgA and IgG antibodies, and
the magnitude of the relationship was likewise better
with vinculin IgA antibodies (Table 1).

Table 1 Correlation between serum zonulin level and
different tight junction protein antibodies
Tight junction
protein
Zonulin
Occludin
Vinculin
Aquaporin 4
Glial fibrillary acidic protein

IgG

IgA

r

P value

r

P value

0.34
0.60
0.40
0.42
0.55

0.064
< 0.001
0.032
0.020
0.002

0.55
0.50
0.52
0.24
0.60

0.002
0.005
0.003
0.197
< 0.001

antibody levels to tight junction proteins. This direct
or indirect correlation between serum zonulin levels
and various tight junction protein antibodies is shown
in Table 1, where the “r” is the best indication of
correlation between serum zonulin level and antibodies
against zonulin and other tight junction proteins. This
table summary of the two-way scatter plot evaluation
for zonulin levels and antibody measurements of the
tight junction proteins demonstrates a strong positive
monotonic relationship for all correlations (Table
1). Statistical analysis using Pearson’s correlations
coefficient were statistically significant for 9 of the 10
correlations, showing a positive relationship, with the

WJG|www.wjgnet.com

DISCUSSION
Due to the availability of methods for the measurement
of serum zonulin levels, several laboratories in the
United States have begun to offer zonulin level analysis
for the detection of increased intestinal permeabi
lity in patients with autoimmune disease or other
chronic inflammatory illnesses. The majority of these
laboratories analyze serum zonulin levels from a single
blood draw without consideration for the variability
of serum zonulin levels during the time course of a
single day or from day to day. The scientific basis for
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Figure 2 Fluctuation of serum level of zonulin in a subgroup of 12 out of 18 subjects with zonulin elevations (A, B) vs much more stable zonulin IgG (C, D)
and zonulin IgA (E, F) antibodies.

offering serum zonulin levels as a diagnostic indicator
[41]
mainly stems from a paper published by Sapone et al
in 2006 which demonstrated a correlation with zonulin
upregulation and increased gut permeability in a
subgroup of patients with type 1 diabetes. While this
study contains several key and landmark discoveries
with which we agree wholeheartedly, it is our opinion
that the data on which the conclusions were drawn
merit further analysis before they become the sole
basis for future diagnostic utility.
One of the many points used by Sapone to demon
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strate a correlation between zonulin upregulation and
increased gut permeability in his study is an overall
elevated serum zonulin level detected in a subgroup of
[41]
patients with type 1 diabetes . Careful examination
of the data reveals that only 42% of the patients
have an elevated serum zonulin level (defined by two
standard deviations above the control group mean).
Furthermore, in correlating serum zonulin levels and
leaky gut, the data was plotted against lactulose/
mannitol levels in the same patients. These revealed a
correlation coefficient of 0.36, which is very weak. In
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vinculin (D), aquaporin 4 (E) and glial fibrillary acidic protein (F) in controls (C) and patients with celiac disease. CD: Celiac disease; GFAP: Glial fibrillary
acidic protein; AQP4: Aquaporin 4.

fact, it was concluded by the authors that “While these
numbers are very useful in the setting of research
analysis, they are insufficiently correlated to be applied
[41]
to diagnostic medical use ”.
Another point of interest is the importance of
intra-day or day-to-day variability of serum zonulin
levels and their effect on use as a diagnostic marker.
[52]
In an article published by Klaus et al
in 2013,
plasma zonulin levels were measured and analyzed
in ICU patients with sepsis and compared to healthy
controls. Analysis of the day-to-day serum zonulin
levels for septic patients presented a significant dayto-day fluctuation. In the present study we decided to
extrapolate this idea further with a timed blood draw
protocol in which serum was drawn at 0-, 6-, 24-, and
30-h intervals in 18 control volunteers to uncover any
significant intra-day fluctuation of serum zonulin levels.
Analysis of the data demonstrates significant variability
of serum zonulin levels in 12 out of 18 controls with
baseline zonulin level of > 2.8 ng/mL, but not in 6
samples with zonulin levels around the detection limit
of the zonulin ELISA kit.
It is important to point out that our 18 volunteer
subjects were controls in the sense that they had not
been definitely confirmed to be positive for CD, unlike
the 30 purchased samples. We did not test the 18
volunteers for allergies, diabetes, CD, NCGS, other
possible GI complaints, autoimmune disorders or any
WJG|www.wjgnet.com

other general conditions. In light of this, and given
the plurality of the individual, it is not surprising that a
subgroup of 6 of the 18 had lower levels than the other
12. In fact, the whole point of the study is to show the
widely varying fluctuations in measuring zonulin levels,
even among so-called controls.
Zonulin is a protein the size of 47000 Da. Due to
many environmental factors, it is released from the
lamina propria and is presented to the submucosal
gut immune system, where an immune response
against it results in the production of zonulin-specific
[53]
antibodies . This immune response against zonulin
and other large molecules may be an explanation for
zonulin fluctuation from sample to sample in the 12
control specimens with relatively elevated zonulin.
Although the half-life in serum of zonulin has yet to be
determined, it is reasonable to assume zonulin’s half-life
based on the known half-lives of other similarly-sized
proteins. For example, LPS, which, along with zonulin,
is involved in the induction of inflammation in type-2
[50]
diabetes, has a known half-life of 2-4 min in blood .
This fluctuation is not unique to zonulin. For ex
ample, the presence of circulating autoantibodies
directed against U1 nuclear antigen and elevated blood
levels of U1 antigen were shown to be the hallmark of
systemic lupus erythematosus. While antibody levels
against U1 antigens was demonstrated to be highly
stable, the level of U1 antigens varied from day to
5675
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[54]

day . This fluctuation in antigen level in the blood
could be associated with antibody-antigen complex
formation in the circulation, where it is expected to exit
[55]
transiently .
Based on this mucosal and possible systemic
immune response against zonulin, we measured both
IgA and IgG antibodies to zonulin in the 72 specimens
from the 18 control subjects. In contrast to zonulin level
and its fluctuation, we observed a significant stability
in antibody levels in all four blood specimens obtained
at different intervals from each of the 18 subjects.
The variability for both IgA and IgG antibodies against
zonulin was 10% or less which is similar to inter-assay
variation of the ELISA methodology used in this study
(Figures 1A-C, 2A-F).
Celiac disease is an autoimmune disease in which
exposure to dietary gluten peptides results in villous
[56]
atrophy and crypt hypertrophy . During the acute
phase of CD when the tight junctions are open, zonulin
expression in intestinal specimens was shown to be
[53]
increased by three-fold . The increased expression of
zonulin due to tight junction breakdown allows zonulin
presentation to the immune system and production
of antibodies against zonulin in a subgroup of patients
[53]
with CD . In one study that followed 7 patients with
CD longitudinally, the raised anti-zonulin IgA returned
[57]
to normal after 3-6 mo on a gluten-free diet . While
zonulin upregulation in CD has been shown in several
[48,53,57]
studies
, to the best of our knowledge and
throughout our literature search, zonulin elevation in
the sera of patients with CD has not been examined.
For this reason, we measured serum zonulin levels
as well as serum antibody levels to several tight
junction proteins in 30 patients with CD. At 2 standard
deviations above the mean of control or a serum
zonulin level of 7.1 ng/mL, 10 out of the 30, or 33% of
the CD patients exhibited elevations in zonulin levels (p
< 0.0001) as well as in zonulin IgA and IgG antibody
levels. However, we found that an additional 10 CD
patients or a total of 20 (67%) produced antibodies
to zonulin without having a significant elevation in
serum zonulin levels (Figure 3A and B). The detection
of antibodies against zonulin in 67% of patients with
CD while zonulin level elevations were detected in only
33% may be related to the zonulin fluctuation in the
blood and its removal by the immune system.
Because intestinal tight junctions consist of several
protein complexes including occludin, zonulin, vinculin,
talin, claudin, actin, alpha-actinin, desmoglein, and
others, we decided to test for antibody production to
additional tight junction proteins including occludin and
vinculin. We found a significant elevation in antibody
production against both occludin and vinculin in
addition to zonulin. In fact, levels of these antibodies
were the highest against occludin. Further analysis
of the data reveals that occludin IgG actually has a
stronger positive correlation to serum zonulin levels
(r = 0.6) than either zonulin or vinculin antibody
measurement (r = 0.34-0.55 and r = 0.40-0.52
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respectively). The reason for this is not immediately
clear though it appears from our data that the inclusion
of antibody measurement to other tight junction
proteins such as occludin may enhance the diagnostic
utility of these antibodies.
[58]
Recent research by Spadoni et al
has shed light
on the existence and function of the gut vascular
barrier, which in healthy individuals functions to pro
tect the systemic blood from pathogenic microbiota.
In their article they discuss the importance of the
expression of intermediate GFAP by enteric glial cells
in their formation and function of a gut vascular unit.
In addition, AQP4 is a known component of the blood
brain barrier, and is also a resident water channel in
[38]
human stomach tissue, as published by Laforenza .
We therefore decided to measure for potential antibody
formation against these two proteins in our CD group
in an attempt to further understand the pathogenic
process of inflammatory and autoimmune disease in
the gastrointestinal (GI) tract. We were not surprised
to detect elevated antibody levels to both AQP4 and
GFAP in these patients because of their structural
presence and utility in the gut. Antibody levels to both
proteins (except AQP4 IgA) positively correlated with
serum zonulin levels as demonstrated in Table 1 with
“r” values ranging from 0.42-0.60. This indicates a
promising area of future study into what appears to
be a clear indicator that reactivity to proteins outside
of the tight junction plays a role in inflammatory
pathogenesis of CD and possibly other GI disorders.
Although this was a small study, the data shows
significant hourly fluctuation of serum zonulin levels in
control subjects, making its clinical utility questionable.
In comparison, both IgG and IgA zonulin antibodies
measured in the sera of the same individuals showed
excellent stability over the course of the blood draw.
Moreover, measuring antibodies to zonulin and other
tight junction proteins revealed significant elevation in
a large percentage of patients with CD, which suggests
that they play a significant role in the pathogenesis
of CD and possibly other autoimmune disorders. This
indicates a need for further research about the role of
antibodies against tight junction proteins in patients
with inflammatory and autoimmune disorders.
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Abstract
AIM
To evaluate the effect of local surgical adhesive glue
(albumin/glutaraldehyde-Bioglue) on the healing of
colonic anastomoses in rats.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by the
Institutional Animal Care and Use Committee of the Veterinary
Manager of the Prefecture of Thessaloniki [IACUC protocol
number: (S.N.: 13/11872/11-09-08)].

METHODS
Forty Albino-Wistar male rats were randomly divided
into two groups, with two subgroups of ten animals
each. In the control group, an end-to-end colonic
anastomosis was performed after segmental resection.
In the Bioglue group, the anastomosis was protected
with extraluminar application of adhesive glue containing
albumin and glutaraldehyde. Half of the rats were
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[3,4]

the anastomosis have been proposed
, and in
experimental studies, various protective methods such
as endoluminar latex prostheses, stents, biofragmental
rings, and local application of bioadhesives have
[5-9]
been used, with promising results
. Tissue glues
and fibrin adhesives, which are biodegradable and
biocompatible, have been used to seal suture lines
for haemostasis and/or to strengthen and reinforce
fragile tissues by tissue adherence and replacement or
[9,10]
support of sutures by biomaterial gluing
. The goal
is to reduce the incidence of dehiscence by increasing
the strength of anastomoses, covering the anastomotic
[11]
line, and stimulating healing . The possibility of direct
influence of extraluminar contents and the substance’
s biological compatibility, as well as the adhesive and
tension strength of the glue, has as a result in the
critical healing phase: an increase in the force needed
[12]
for anastomosis bursting .
Local application of albumin/glutaraldehyde
(Bioglue™), a haemostatic and adhesive agent, has
received approval for many vascular, pulmonary and
soft tissue repairs, and its use is already established
[13,14]
in cardiothoracic surgery
. So far, however, there
have been no published experiments using this glue
in colonic anastomosis. The aim of this experimental
study was to investigate the effects of surgical
adhesive glue during the healing process of colonic
anastomosis in rats.

sacrificed on the fourth and the rest on the eighth
postoperative day. Anastomoses were resected and
macroscopically examined. Bursting pressures were
calculated and histological features were graded.
Other parameters of healing, such as hydroxyproline
and collagenase concentrations, were evaluated. The
experimental data were summarized and computed
from the results of a one-way ANOVA. Fisher’s exact
test was applied to compare percentages.
RESULTS
Bursting pressures, adhesion formation, inflammatory
cell infiltration, and collagen deposition were significantly
higher on the fourth postoperative day in the albumin/
glutaraldehyde group than in the control group. Further
more, albumin/glutaraldehyde significantly increased
adhesion formation, inflammatory cell infiltration,
neoangiogenesis, and collagen deposition on the
eighth postoperative day. There was no difference in
fibroblast activity or hydroxyproline and collagenase
concentrations.
CONCLUSION
Albumin/glutaraldehyde, when applied on colonic
anastomoses, promotes their healing in rats. Therefore,
the application of protective local agents in colonic
anastomoses leads to better outcomes.
Key words: Adhesions; Bursting pressure; Bioglue™;
Albumin/glutaraldehyde; Collagen; Colonic anastomosis

MATERIALS AND METHODS

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Laboratory animals

The animal protocol was designed to minimize
pain and discomfort to the animals. Forty male
Wistar rats weighing 200-300 g were used in this
study. The research protocol was approved by the
Ethical Committee of the Department of Veterinary
Services of the Prefecture of Thessaloniki (S.N.:
13/11872/11-09-08). Principles of laboratory animal
care were followed. Animals were housed individually
and had unrestricted access to the standard laboratory
diet and water pre- and postoperatively. They were
kept in our laboratory for seven-ten days before the
experiment on a 12-h light and dark cycle and did
not receive any course of chemoprophylaxis. At the
sacrifice, all animals were euthanized by intracardiac
administration of KCL 10% for tissue collection.

Core tip: The present study was designed to investigate
the effect of local surgical adhesive glue composed
of albumin/glutaraldehyde in the healing of colonic
anastomoses in rats. The application of adhesive glue
promotes the healing of colonic anastomoses in rats
as it significantly increases the bursting pressure in the
early period, but it also causes more adhesions and an
enhanced inflammatory reaction.
Despoudi K, Mantzoros I, Ioannidis O, Cheva A, Antoniou N,
Konstantaras D, Symeonidis S, Pramateftakis MG, Kotidis E,
Angelopoulos S, Tsalis K. Effects of albumin/glutaraldehyde glue
on healing of colonic anastomosis in rats. World J Gastroenterol
2017; 23(31): 5680-5691 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i31/5680.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i31.5680

Anaesthesia, operative technique and experimental
groups

The rats were weighed on the day of operation as
well as before the sacrifice, and changes in weight
were recorded. Operations were performed through a
3-cm midline incision under intraperitoneal thiopental
anaesthesia (40 mg/kg bodyweight). After resection
of a 1-cm segment of the colon and 5 cm from the
rectum, an end-to-end anastomosis was created using
a single layer of eight interrupted extramucosal 6-0
polypropylene sutures. Rats were randomly assigned

INTRODUCTION
Anastomosis dehiscence is a serious postoperative
complication, and the risk of anastomotic leakage
is higher in large intestine surgery compared with
[1,2]
other gastrointestinal anastomoses
. Different
techniques of using additive materials such as
omentum and several types of fibrin sealants to cover
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B

A

Figure 1 Control and Bioglue group. A: Creation of end-to-end anastomosis using a single layer of eight interrupted extramucosal 6-0 polypropylene sutures; B:
Application of the Bioglue on the colon edges after taking precautions to avoid dispersion of the glue in the peritoneal cavity.
[16-18]

to two groups of 20 animals. In the CONTROL group,
an end-to-end anastomosis was created (Figure 1A).
In the BIOGLUE group, after creating the anastomosis,
albumin/glutaraldehyde was applied around it (Figure
1B). The glue was applied on the colon’s edges with
an applicator. Holding the applicator was sufficient
to place the liquid adhesive on the cut edges of the
colon, taking precautions to avoid dispersion of the
glue in the peritoneal cavity. The abdominal muscle
layer and the skin were closed in one layer, using three
sutures (3/0 silk). Each group was subdivided in two
subgroups of ten animals each, with half of the animals
being sacrificed on the fourth postoperative day
(CONTROL4 and BIOGLUE4) and the other half being
sacrificed on the eighth postoperative day (CONTROL8
and BIOGLUE8)

pressure apparatus as described elsewhere
.
Through this catheter, the bowel was infused with a
continuous flow of physiological saline at a rate of 1
mL/min. The bursting pressure was defined as the
pressure at which leakage of saline or gross rupture
was noted and recorded in mmHg. The site of leakage
during the bursting pressure measurement was also
recorded, since in some rats, rupture occurred at the
anastomotic site, and in others far from it.

Histological assessment

After the ex vivo measurement of bursting pressure,
the anastomotic segment of the colon was cleared of
the surrounding mesentery and fat and rinsed with
saline. The anastomosis was resected along with a 0.5
cm segment of the colon on either side and divided
into two parts vertically. The first segment was placed
in 4% formaldehyde solution for histopathological
examination and stained with haematoxylin and
eosin. The anastomosis was examined under a light
microscope and graded histologically in a blind fashion,
using a 0-4 Ehrlich and Hunt numerical scale as
[19]
modified by Phillips et al . The evaluated parameters
were inflammatory cell infiltration (white blood cell
count), neoangiogenesis (new blood vessel formation),
[20]
fibroblast activity, and collagen deposition . Each
studied parameter was evaluated individually using
a numerical scale from 0 to 4 as follows: 0 (-) = no
evidence; 1 (+) = occasional evidence; 2 (++) =
light scattering; 3 (+++) = abundant evidence; and 4
(++++) = confluent fibres or cells.

Macroscopic examination

On the day of sacrifice, the animals were anaesthetized
again, and the anastomotic segments were isolated
during relaparotomy. The anastomoses were examined
macroscopically. Integrity of the anastomosis, existence
of perianastomotic abscess or peritonitis, and adhesion
formation were recorded. The evaluation was performed
[15]
according to the scale of van der Ham et al , as has
been described elsewhere. Briefly, anastomosis was
given score 0 when no adhesions occurred; score 1
represented minimal adhesions mainly between the
anastomosis and the omentum; score 2 corresponded
to moderate adhesions, i.e., between the omentum and
the anastomotic site or between the anastomosis and
a loop of small intestine; finally, score 3 represented
severe and extensive adhesions, including abscess
formation.

Hydroxyproline

Quantification of collagen in colonic anastomosis is
synonymous with quantification of hydroxyproline.
The second segment of the anastomosis was weighed
and then divided into two parts vertically and stored at
-20 ℃. Determination of hydroxyproline tissue contents
was performed as described in previous experiments,
[13,21]
with some modifications
. Briefly, after the spe
cimens were lyophilized, a polytron homogenizer was
used to homogenize the tissue sample in distilled

Bursting pressure

Bursting pressure was measured ex vivo. The ana
stomosis was removed along with a 2.5 cm segment
of the colon on either side en bloc with the formed
adhesions and cleared of stools. The proximal end
was ligated using a 3/0 silk suture, and a catheter was
secured into the distal end and fixed to the bursting
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water. The acid-soluble collagen was extracted from
the tissue sample by overnight incubation with acetic
acid 0.5 mol/L at 4 ℃. 70 μL of standard/test sample
was hydrolysed in 30 μL NaOH 10.125 mol/L for 25
min at 120 ℃ by autoclaving. The hydrolysed sample
was then mixed with a buffered (pH 7) chloramines-T
reagent (0.056 mol/L), and at room temperature
the oxidation was continued for 25 min. Following
the development of chromophore was achieved with
the addition of Ehrlich’s reagent. The absorbance
was measured at 550 nm using a Biotek μQuant™
spectrophotometer. Absorbance values were plotted
against the concentration of standard hydroxyproline,
and the presence of hydroxyproline in unknown tissue
extracts was determined from the standard curve. The
[21]
results were expressed in μg/g of tissue .

p = 0.017

Bodyweight changes (g)

25
20
15
10
5
0

CONTROL4

BIOGLUE4

CONTROL8

BIOGLUE8

Figure 2 Bodyweight changes in grams in the two groups (mean ± SD). A
statistically significant difference was found between subgroups BIOGLUE4 and
BIOGLUE8.

in Hygiene-Medical Statistics, Aristotle University of
Thessaloniki, Greece.

CollagenaseⅠ

The concentration of collagenaseⅠwas estimated in
another segment of the anastomotic site by using a
commercial ELISA kit (USCNLIFE, E0212r). The test
sample was added to the appropriate plate well precoated with anti-collagenaseⅠantibody-microtiter
with a biotin-conjugated polyclonal antibody specific
to collagenaseⅠThen, avidin conjugated to ΗRP was
added to the microplate well and incubated. The
chromophore was then developed with the addition
of TMB substrate solution, and the reaction stopped
with sulphuric acid solution. The colour change was
measured spectrophotometrically at 450 nm using
a Stat Fax-210™ spectrophotometer (Awareness
Technology Inc.). The concentration of collagenaseⅠ
in unknown tissue samples was determined from the
standard curve. The results were calculated as μg/g of
[22]
wet tissue weight .

RESULTS
Mortality, infection, and anastomotic dehiscence

No deaths or wound infections occurred, and no
anastomotic dehiscence was noted before the day of
sacrifice.

Bodyweight change

In all the experimental groups, the bodyweight
decreased from the day of the experiment till the day
of sacrifice. Bodyweight changes differed significantly
among the subgroups (P = 0.03). In particular, the
only significant difference in bodyweight change was
between subgroups BIOGLUE4 and BIOGLUE8 (P =
0.017), but there were no other differences between
subgroups. The bodyweight changes are presented in
Figure 2.

Adhesion Formation

Statistical analysis

On the fourth postoperative day, in subgroup CONT
ROL4, 90% of animals had no adhesions, and only
10% presented with grade 1 adhesions, while in
subgroup BIOGLUE4, all animals had adhesions,
and the adhesion formation score was grade 2 in all
animals. On the eighth postoperative day, in subgroup
CONTROL8, 90% of animals had no adhesions, and
only 10% presented with grade 1 adhesions, while in
subgroup BIOGLUE8, all animals had adhesions, and
the adhesion formation score was grade 2 in all animals
(Figure 3).
The adhesion formation score differed significantly
between groups (P < 0.001). It was significantly
higher in both Bioglue subgroups than in the two
control groups (P < 0.001 in both cases). The adhesion
formation scores are presented in Figure 4.

Using statistical descriptive indices of central tend
ency and dispersion the experimental data were
summarized. Data are presented as mean ± SD. After
performing a normality test, if the data presented a
normal distribution we used ANOVA to compare all
four groups and and the least significant difference
[23]
criterion as post hoc analysis to make comparisons
between groups. If the data didn’t have normal
distribution we used the non-parametric KruskalWallis test to compare all four groups and performed
the Mann-Whitney test to make comparisons between
groups, with the significance level for the certain test
adjusted to p = 0.0125 (0.05/4). The significance level
of statistical hypothesis testing procedures concerning
comparisons of means was pre-set at P < 0.05. All
the statistical analyses were performed using the
SPSS version 15.0 statistical package (SPSS Inc.,
Chicago, IL, United States) enhanced with the module
[24,25]
Exact Tests
. The statistical methods of this study
were reviewed by Dr. Haidich AB, Assistant Professor
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There was a significant difference in bursting pres
sure among groups (P < 0.001). Bursting pressure
was significantly increased in the Bioglue subgroup
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P < 0.001
P < 0.001

Bursting pressure (mmHg)

300
250

P = 0.017

200
150
100
50
0

CONTROL4

BIOGLUE4

CONTROL8

BIOGLUE8

Figure 5 Comparative bar chart presenting bursting pressures (mmHg)
(mean ± SD). A statistically significant increase in the bursting pressure was
noted on the fourth postoperative day in the Bioglue subgroup compared to the
control.

respectively.
Statistical analysis revealed significant changes in
all histological parameters: inflammation (P < 0.001),
neoangiogenesis (P < 0.001), fibroblast activity (P =
0.001), and collagen deposition (P < 0.001).
The average inflammatory cell infiltration was
significantly higher in the Bioglue subgroups than in
the controls for both postoperative days, with P < 0.001
in both cases. There was also a significant difference
between subgroups CONTROL4 and CONTROL8 (P <
0.001) and between BIOGLUE4 and BIOGLUE8 (P =
0.001). The changes in inflammatory cell infiltration
among groups are presented in a histogram in Figure 7A.
Regarding neoangiogenesis, in the Bioglue group,
there was an increase on the fourth and eighth post
operative days compared to the control group, but
this difference was significant only on the eighth
postoperative day (CONTROL4 vs BIOGLUE4 with P =
0.2398 and CONTROL8 vs BIOGLUE8 with P = 0.039).
Neoangiogenesis was also statistically significantly
higher on the eighth postoperative day in both Bioglue
and control groups (CONTROL4 vs CONTROL8 with P
= 0.014 and BIOGLUE4 vs BIOGLUE8 with P = 0.002).
Changes in neoangiogenesis between groups are
plotted in Figure 7B.
The fibroblast activity was similar in the Bioglue
subgroups and in the control subgroups on both
postoperative days (CONTROL4 vs BIOGLUE4, P =
1, and CONTROL8 vs BIOGLUE8, P = 1). However,
there was a significant difference between subgroups
CONTROL4 and CONTROL8 (P = 0.002) and between
BIOGLUE4 and BIOGLUE8 (P = 0.002). The changes
in fibroblast activity among groups are presented in a
histogram in Figure 7C.
Collagen deposition was statistically significantly
lower in the control subgroups than in the Bioglue
subgroups (CONTROL4 vs BIOGLUE4 and CONTROL8
vs BIOGLUE8 with P = 0.032 and P = 0.002,
respectively). There was also a significant increase in
collagen deposition between subgroups CONTROL4
and CONTROL8 (P < 0.001) and between BIOGLUE4
and BIOGLUE8 (P < 0.001). Changes in collagen
deposition between groups are presented in Figure 7D.

Figure 3 Moderate adhesion formation between the omentum and the
anastomotic site in the Bioglue group.
Add 95%CI
2.5

P < 0.001

P < 0.001

Adhesions

2.0
1.5
1.0
0.5
0

CONTROL4

BIOGLUE4

CONTROL8

BIOGLUE8

Figure 4 Comparative bar chart of adhesion formation (mean). The
adhesion formation score was statistically significantly higher in both Bioglue
subgroups compared to control.

compared to the control subgroup on the fourth
postoperative day (P = 0.017) but not on the eighth
postoperative day (P = 0.545). Furthermore, bursting
pressure was statistically significantly higher on the
eighth postoperative day in both the Bioglue and the
control groups, with P < 0.001 in both cases. The
differences in bursting pressures are presented in
Figure 5.
Regarding the site of leakage during the mea
surement of bursting pressure, on the fourth post
operative day in both the control (CONTROL4) and
the study (BIOGLUE4) groups, the rupture occurred in
50% of the animals at the anastomosis and in 50%
far from it, while on the eighth postoperative day
in both subgroups (CONTROL8 and BIOGLUE8), all
ruptures occurred far from the anastomotic site.

Histological assessment

The histological assessment of the anastomotic healing
included measurements of inflammatory cell infiltration,
neoangiogenesis, fibroblast activity, and collagen
deposition. In Figure 6, histology images of various
degrees of inflammation, neoangiogenesis, fibrob
last activity, and collagen deposition are presented,
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Figure 6 Representative haematoxylin-eosin histopathology images. A: Inflammatory cell infiltration revealing light scattering (× 400); B: Abundant evidence (×
400); C: Confluent cells (× 400); D: Neoangiogenesis revealing light scattering (A, × 100); E: Abundant evidence (× 100); F: Fibroblast activity revealing light scattering
(× 100); G: Abundant evidence (× 200); H: Collagen deposition revealing light scattering (× 200); I: Abundant evidence (× 100).

Hydroxyproline and collagenase I concentration

complicated by leakages, even in the most experienced
of hands and despite the development of new surgical
[28,29]
techniques, suture materials, and stapling devices
.
Many factors affect the healing of anastomoses,
[30]
divided into general and local ones . General factors
include the patient’s age and diet, hypovolemia,
malignancy, medications (e.g., steroids, nonsteroidal antiinflammatory drugs, and 5-FU), immunocompetence,
blood transfusion, radiotherapy, diabetes, uraemia,
anaemia, jaundice, and nutrient deficiencies (vitamin
[16,31-34]
C, iron, zinc, methionine, cysteine, etc.)
. Local
factors include ischaemia at the anastomotic site,
anastomotic tension, surgical technique, peritonitis, pre
operative bowel preparation, infection, and emergency
[34-36]
or elective surgery
Bioglue surgical adhesive is a two-component surgical
adhesive that confers enhanced bonding properties. It
is composed of 45% purified bovine serum albumin and
10% glutaraldehyde. The advantage of Bioglue is that the
bi-functional glutaraldehyde molecule covalently bonds
the bovine serum albumin molecules to each other, as
well as to lysine in proteins on the cell surface and in
the extracellular matrix. This reaction is spontaneous,
increasing tensile and shear strength. The albumin
provides an extensive flexible network of bonds.

Hydroxyproline concentration differed significantly
between groups. Specifically, it was similar on the
fourth and eighth postoperative days between the
two groups (CONTROL4 vs BIOGLUE4 with P = 0.656
and CONTROL8 vs BIOGLUE8 with P = 0.309), but
there was a significant increase in the hydroxyproline
tissue content of both groups (control and Bioglue)
on the eighth postoperative day compared to the
fourth (BIOGLUE4 vs BIOGLUE8 and CONTROL4 vs
CONTROL8, with P < 0.001 in both cases). The results
are presented in Figure 8A.
Collagenase Ⅰ concentration was similar between
the two groups and subgroups on the fourth and
eighth postoperative days (P = 0.959). Specifically,
CONTROL4 vs BIOGLUE4 (P = 0.912) and CONTROL8
vs BIOGLUE8 (P = 0.796). CONTROL4 vs CONTROL8
(P = 0.684) and BIOGLUE4 vs BIOGLUE8: (P = 0.912).
The results are presented in Figure 8B.

DISCUSSION
Anastomotic leakage remains the most important
cause of postoperative mortality and morbidity in
[26,27]
colorectal surgery
. Intestinal anastomoses are
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Figure 7 Comparative bar chart presenting the average inflammatory cell infiltration (A), new vessel formation (neoangiogenesis) (B), fibroblast activity
(C) and collagen deposition (D), according to the scale of Ehrlich and Hunt, as modified by Phillips et al[19] (0-4) (mean ± SD). A: The average inflammatory
cell infiltration was statistically significantly higher in the Bioglue subgroups on both the fourth and eighth days than in the controls. Also, in each subgroup,
there was a statistically significant decrease in the average inflammatory cell infiltration from the fourth to the eighth day; B: The average neoangiogenesis was
statistically significantly higher in the Bioglue subgroups on the eighth day than in the control. Also, in each subgroup, there was a statistically significant increase in
neoangiogenesis from the fourth to the eighth day; C: The average fibroblast activity was statistically significantly higher in each subgroup from the fourth to the eighth
day; D: The average collagen deposition was statistically significantly higher in the Bioglue subgroups on both the fourth and eighth days than in the control. Also, in
each subgroup there was a statistically significant increase in collagen deposition from the fourth to the eighth day.
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Figure 8 Comparative bar chart of hydroxyproline tissue contents (A), collagenase Ⅰ tissue contents (B) (μg/g tissue) at the anastomotic site (mean ±
SD). A: In each subgroup, there was a statistically significant increase in hydroxyproline tissue content from the fourth to the eighth day; B: No statistically significant
difference was noted.
[39]

When applied to the repair site, it forms a watertight
[13]
mechanical seal and holds sutures securely . It
is necessary to dry the completed anastomosis as
much as possible and to protect the area surrounding
[37]
the target tissue with moist sterile gauze pads .
Polymerisation commences rapidly within 20 to 30 s
[38]
and reaches full bonding strength in two minutes .
Patients with colorectal cancer usually lose weight,
and malnutrition accompanying loss of bodyweight
decreases the deposition of collagen and the anastomotic
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strength . As expected following surgery, in our study,
the mean postoperative bodyweight was lower both
on the fourth and the eighth postoperative days in all
subgroups compared to the beginning of the experiment.
However, a comparison of the control and Bioglue
subgroups revealed that there wasn’t any statistically
significant difference between their mean bodyweights.
The only significant difference was a greater decrease
in bodyweight in the Bioglue group on the eighth day
compared to the fourth day.
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Adhesions are fibrous bands that connect the
peritoneal organs to each other or the peritoneum and
could possibly seal any potential micro-leakages from
the anastomosis and simultaneously enhance the local
[40,41]
blood supply
. The incidence of adhesion formation
appears to be caused by many factors, such as sutures
or staples that can potentially cause topical ischemia.
The foreign material used can lead to an infected
[42]
anastomosis followed by anastomotic leakage .
Furthermore, adhesion formation is dependent on the
severity of the intestinal serosal trauma, fibroblast
activation, metalloproteinase activity, and the effi
[43-45]
ciency of the fibrinolytic mechanism
. Adhesion
formation is a serious problem to tackle when using
glue for anastomosis. In the Bioglue group, there
was an increase in the adhesion formation score that
was statistically significant. Similar are the results of
[46]
Ozel et al , who, in an experimental study in rats
using a fibrin patch to support colonic anastomoses,
found more adhesions of greater degree in the study
group compared to the control. However, Kanellos
[47]
et al using a fibrin glue, didn’t notice any difference
in adhesion formation compared to the control group
in rats with colonic anastomosis, while Haukipuro
[48]
et al
demonstrated fewer adhesions using fibrin
[49]
sealant. Detweiler et al
proposed the combination
of absorbable stents and fibrin glue to avoid adhesion
formation and intestinal obstruction.
The percentage of anastomotic leakage is the most
important marker reflecting the efficacy of the healing
mechanisms of intestinal anastomoses and ranges
[1,2,50,51]
from 3% to 30%
. In the present study, no
anastomotic leakage was noted in either subgroup on
the fourth or the eighth postoperative day, reflecting
the efficacy of healing mechanisms in both groups.
The mechanical strength of the anastomosis is
determined by its bursting pressure. It is therefore a
useful parameter to measure the healing process in
[52]
the first week after anastomotic formation . Bursting
pressure increases progressively after the formation of
the anastomosis. In our study, the bursting pressures
were significantly higher in both the control group
and the Bioglue group on the eighth postoperative
day than the fourth. Moreover, Bioglue significantly
increased bursting pressures compared to the control
on the fourth postoperative day but not on the eighth.
[53]
Hjortrup et al found that the bursting pressure of
small bowel segments with fibrin anastomoses was
similar to those with sutured anastomoses. Capitán
[54]
Morales et al compared three groups of rats: one
with anastomoses sutured with silk 5/0, one with
anastomoses sutured with polyglycolic acid 5/0, and
one with suture-less fibrin adhesive anastomoses.
They found that the greatest bursting pressure
[55]
occurred in the last series. Additionally, Akgün et al
in an experimental study using a fibrin sealant to
protect anastomoses in rats, demonstrated an increase
in bursting pressure in the study group compared to
the control.
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A fundamental element in the assessment of bursting
pressure and the efficacy of healing mechanisms is the
part of the colon that ruptures during the measurement
[10,56,57]
of bursting pressure
. Rupture at the anastomotic
site happens in mechanically weaker anastomoses
or anastomoses at the early healing phase, between
the third and fifth days. In contrast, rupture far from
an anastomosis presents in mechanically very strong
anastomoses or in anastomoses in the late healing
[2,28]
phase, specifically in the remodelling phase
. In the
current study, there were no differences in the rupture
sites among the subgroups.
Healing of anastomoses is a complicated process
which is divided into four different phases: coagula
tion, inflammation, migration and proliferation, and
remodelling. Inflammation is the second phase and
is characterized by infiltration of the anastomosis by
[58-60]
inflammatory cells, especially leukocytes
. Macro
phages, lymphocytes and thrombocytes produce and
secrete cytokines and growth factors that regulate
[60-63]
neoangiogenesis and collagen synthesis
and have
mitogenic, chemotactic, and cell movement stimulant
[62]
functions . The crucial role of neutrophils in the
early postoperative weakening of the anastomosis
due to activation of metalloproteinases and collagen
[64-67]
degradation is well established
. The foreign bodies
such as sutures, clips, and any biological substances
(glues) which are used in the anastomosis are those
that keep the anastomosis intact during the healing
[1,3,10]
phase
. In our study, inflammatory cell infiltration
was statistically significantly higher in the Bioglue
subgroups than in the control subgroups on both
[46]
postoperative days. Ozel et al
noticed a significant
increase in the inflammatory reaction in the fibrin
patch group compared to the control, which was
attributed to the increased activity of the inflammatory
cells and metalloproteinases between the third and
seventh postoperative days due to the presence of the
fibrin patch.
After inflammation comes the proliferative phase
of healing, characterized by the production of collagen
by fibroblasts, which increases the strength of the
[68-70]
anastomosis
. The fibroblasts secrete hyaluronic
acid and proteoglycans, which are important for
cell movement, function, and tissue resilience, and
[71]
collagen, promoting anastomotic healing . According
to the results of our experimental study, fibroblast
activity was similar between the subgroups both on the
fourth and the eighth postoperative days. This finding
[55]
is in contrast with Akgün et al , who demonstrated
an increase of fibroblasts in the fibrin sealant group
compared to the control.
Neoangiogenesis is the formation of new blood
vessels from the endothelium of pre-existing ones
and takes place in the third phase of healing, the
proliferative phase, leading to the formation of granular
[39,72-74]
tissue
. It has been shown that this phase is
affected by various angiogenic factors such as platelet
derived growth factor, tumour necrosis factor-α, and

5687

August 21, 2017|Volume 23|Issue 31|

Despoudi K et al. Albumin/glutaraldehyde glue on colonic anastomosis
[61,75]

Vascular Endothelial Growth Factor family
. In our
study, the degree of neoangiogenesis was affected
by the presence of Bioglue: neoangiogenesis was
statistically significantly higher in the Bioglue group
[46]
only on the eighth postoperative day. Ozel et al also
found that neoangiogenesis was higher in the fibrin
patch group than in the control.
The production and deposition of collagen, which
takes place during the third (proliferation) and fourth
(remodelling) phases, is a significant marker of the
[45,65,68,76,77]
efficacy of the anastomotic healing process
.
Collagen is mainly produced by fibroblasts and meta
bolized by certain metalloproteinases, called collage
[68,78,79]
nases
. In our study, collagen deposition was
significantly higher in the Bioglue group on both the
fourth and the eighth days, a finding similar to Ozel et
[46]
al
who noticed increased collagen production in the
fibrin patch group compared to the control.
Histological analysis of anastomotic colon wall
samples demonstrated the favourable influence of
Bioglue on the complex process of colon anastomosis
healing, reflected in the stimulation of the proliferative
response, promotion of neoangiogenesis, more
abundant young collagen synthesis, and reduction of
the duration of the critical healing period.
The mechanical strength of healing wounds depends
on fibroblast proliferation and the synthesis of collagen
molecules. Collagen determines the mechanical
stability and healing capacity of connective tissue.
The quantitative measurement of collagen deposed
in the anastomosis is accomplished by the measure
[45,80]
ment of hydroxyproline in the anastomotic tissue
.
Hydroxyproline is one of the basic amino acids of
collagen, and its presence is restricted exclusively to
the collagen of connective tissue. Low hydroxyproline
levels negatively affect the mechanism of colonic
[44,81]
anastomosis healing
. We found that there was a
statistically significant increase in hydroxyproline tissue
content in both groups (control and Bioglue) on the
eighth postoperative day compared to the fourth but
no difference between the groups on either the fourth
[46]
or the eighth day. Ozel et al also demonstrated an
increased hydroxyproline concentration in the fibrin
patch group compared to the control.
In the third phase of healing, the collagen is
synthesized and degraded by a variety of collagenase
enzymes from granulocytes, macrophages, and
fibroblasts. The concentration of mature collagen in
the early phase of healing is decreased up to 40%,
an event that correlates with a reduction in the
mechanical strength of the anastomosis at this phase
[45,77,80]
and with possible anastomotic dehiscence
.
Many studies have shown that their activity is a major
pathogenic factor in the postoperative decline of colonic
anastomosis strength. Experimental studies have
shown maximal collagenetic activity in the colon on the
[82]
third postoperative day . Collagenase is responsible
for the degradation of mature collagen, and its
concentration maximizes on the third postoperative
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day, when increased degradation of type Ⅲ collagen
[44,70,71,83]
and synthesis of type Ⅰ collagen takes place
.
Furthermore, immunohistochemical studies have
shown that collagenase and other matrix metallopro
teinases (MMPs) are in close vicinity to the suture
[71]
line in uncomplicated anastomotic healing , so
the measurement of collagenase concentration is a
marker reflecting the balance of collagenogenesis and
[43,84,85]
collagenolysis
. It has been previously demon
strated that the MMP levels in the anastomotic line are
very different from those in adjacent tissue, where the
level of MMPs was measured at up to 0.15-0.2 cm from
[86,87]
the anastomotic line
. In the current experiment,
collagenase was measured in a segment of 0.5 cm on
both sides of the anastomosis in each animal. While
the levels of collagenase vary at the anastomotic line
and 0.5 cm from it, as tissue samples were the same
in all animals, the measured collagenase activity in
1 cm of large intestine with the anastomosis in the
middle reflects the total collagenase activity, which is
comparable between groups. CollagenaseⅠconcentrati
on was similar between the two groups and subgroups
on the fourth and on the eighth postoperative days.
In the early period of anastomotic healing, Bioglue
seems to support anastomotic integrity in rats, since
it increases the bursting pressure. This effect of
Bioglue has also been demonstrated in ex vivo porcine
[88]
gastrojejunal anastomosis . However, it also causes
an inflammatory reaction which may increase the time
necessary for the healing process. This may represent
a major disadvantage for this biomaterial. Regarding
the safety of Bioglue, our study demonstrated that
the application of Bioglue on the suture line is not
associated with increased mortality or dehiscence, in
[89]
contrast with the study of Slieker et al where the
application of Bioglue on sutured colonic anastomoses
in mice caused a 100% mortality rate, compared with
the 40% mortality rate in the control group. Further
studies are most likely required in order to assess the
effects of Bioglue on anastomotic healing after direct
administration into the colon, as there is only one
other study assessing Bioglue’s effect in suture-less
[90]
closure of colonic defects .
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COMMENTS
Background

Anastomosis dehiscence is a serious postoperative complication in
gastrointestinal surgery, and anastomotic leakage remains the most important
cause of postoperative mortality and morbidity in colorectal surgery. The risk
of anastomotic leakage is higher in large intestine surgery compared with
other gastrointestinal anastomoses. Intestinal anastomoses are complicated
by leakages, even in the best and most experienced of hands and despite the
development of new surgical techniques, suture materials, and stapling devices.
The efficacy of biomaterial over intestinal anastomoses is still controversial in
clinical practice.

Research frontiers

The replacement or support of sutures by biomaterial gluing procedures has
been investigated for many years. Different techniques using additive materials
such as omentum and several types of fibrin sealants to cover the anastomosis
have been proposed. Out of a large number of experimental studies, various
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protective methods such as endoluminar latex prostheses, stents, biofragmental
rings, and local application of bioadhesives have been used, with promising
results. Tissue glues have been used to seal suture lines for haemostasis
and to strengthen and reinforce fragile tissues by tissue adherence. The main
idea was to reduce the incidence of dehiscence by increasing the strength of
anastomoses, covering the anastomotic line and stimulating healing.

10

11

Innovations and breakthroughs

The current study demonstrated the safety and efficacy of Bioglue application
on a colonic anastomosis, as it promotes the healing process, especially in
the early stages, and increases the bursting pressure. The increase in the
mechanical strength of the colonic anastomosis in the early stages is a result
of increased adhesion formation and increased collagen deposition and takes
place in spite of increased inflammatory cell infiltration.

12

Applications

13

The application of biological glue on colonic anastomosis in clinical practice
may reduce anastomotic dehiscence and leakage and decrease the related
morbidity and mortality

14

Terminology

Bioglue is a two-component surgical adhesive that confers enhanced bonding
properties. It is composed of 45% purified BSA and 10% glutaraldehyde.
The advantage of Bioglue is that the bi-functional glutaraldehyde molecule
covalently bonds the bovine serum albumin molecules to each other, as well
as to lysine in proteins on the cell surface in the extracellular matrix. This
reaction is spontaneous, increasing tensile and shear strength independently
of the coagulation status of the patient. The albumin provides an extensive
flexible network of bonds. When applied to the repair site, it forms a mechanical
watertight seal and holds sutures securely.
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Abstract
AIM
To evaluate the role of tissue factor (TF) and protease
activated receptor (PAR)-2 in liver fibrosis.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by the
Monash University Animal Ethics Committee (MMCB 2004/10).

METHODS
Using CCl4 administration for eight weeks, we induced
hepatic fibrosis in wild-type C57BL/6 mice and in mice
with deletion of the cytoplasmic signalling domain of TF
§CT/§CT
-/(TF
), deletion of PAR-2 (PAR-2 ) and combined
§CT/§CT
deletion of TF signalling domain and PAR-2 (TF
/
-/PAR-2 ). Hepatic fibrosis area was assessed by quantita
tive imaging of picrosirius red staining. Hepatic collagen
content was assessed by hydroxyproline levels. Hepatic
stellate cells (αSMA positive) and hepatic macrophages
(CD68 positive) were identified by immunohistochemistry.
Hepatic gene expression was determined by PCR and
liver TGFβ1 content by ELISA.
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RESULTS
CCl 4 treated mice with deletion of the PAR-2 gene
-/§CT/§CT
(PAR-2 ) and the cytoplasmic domain of TF (TF
)
developed significantly less hepatic fibrosis, characterised
by reduced liver fibrosis area and hydroxyproline content,
compared to control wildtype mice treated with CCl4.
The observed reduction in histological fibrosis was
accompanied by a significant decrease in the hepatic
content of TGFβ, the prototypic fibrogenic cytokine, as
well as fewer activated hepatic stellate cells and hepatic
macrophages. Deletion of the TF cytoplasmic signalling
domain reduced hepatic fibrosis to levels similar to those
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Evidence for this relationship is seen in healthy human
subjects who demonstrate IL6 and IL8 induction
following exposure to recombinant FVIIa and in mice
expressing low TF levels (< 1% of wildtype) which show
reduced inflammatory cytokine expression and mortality
[1,2]
following lipopolysaccharide (LPS) exposure .
The TF molecule has three domains; binding of
the extracellular domain to Factor Ⅶ/Ⅶa initiates
coagulation, the transmembrane domain has anchoring
properties necessary for normal coagulation and the
cytoplasmic domain, which is not required for coagu
lant activity, plays a role in intracellular signalling. For
example, binding of FⅦa to macrophage TF leads
to phospholipase C-dependent intracellular calcium
fluxes and reactive oxygen species production that
[3]
requires an intact TF cytoplasmic domain . In the
liver, hepatocytes are the primary source of Factor Ⅶ/Ⅶ
a. Constitutive hepatocyte expression of TF mRNA is
low but can be upregulated in circulating monocytes
[4]
by LPS , monocyte chemotactic protein-1 and platelet
derived growth factor as well as by direct contact with
[4,5]
platelets .
The TF cytoplasmic domain also plays a regulatory
role in PAR-2 signalling. Mice with deletion of the
§CT/§CT
cytoplasmic domain (TF
) demonstrate enhanced
PAR-2 dependent angiogenesis suggesting that the
TF cytoplasmic domain acts as a negative regulator of
[6]
PAR-2 signalling . Context may be important, however,
as others have shown that the TF cytoplasmic domain
[7]
is necessary for PAR-2 regulated inflammation . A role
for TF-PAR-2 signalling in the development of obesity
and insulin resistance has recently been demonstrated.
TF-Ⅶa-PAR-2 signalling in adipocytes regulates weight
gain and in macrophages promotes inflammation and
[8]
insulin resistance . Such pathways may play a role
in the development of non-alcoholic fatty liver disease
(NAFLD) as direct thrombin inhibition has been shown
[9]
to reduce hepatic inflammation in murine NAFLD .
The aim of our study was to evaluate the role of
the TF cytoplasmic domain in the hepatic inflammatory
response and liver fibrogenesis following chronic injury.
We have previously shown that PAR-2 deficiency
[10]
ameliorates experimental liver fibrosis . Given
the observed interactions between TF cytoplasmic
domain and PAR-2 in angiogenesis and inflammation,
we explored a possible relationship between the TF
cytoplasmic domain and the PAR-2 receptor in the
development of liver fibrosis in mice with deletion of
the TF cytoplasmic domain, deletion of PAR-2 and
deletion of both the TF cytoplasmic domain and PAR-2.

observed in mice lacking PAR-2 signalling but combined
deletion provided no added protection against fibrosis
indicating a lack of mutual modulating effects that have
been observed in other contexts such as angiogenic
responses.
CONCLUSION
Tissue factor cytoplasmic domain is involved in TF-PAR-2
signalling initiating hepatic fibrosis and is a potential
therapeutic target, as its deletion would not impact
coagulation.
Key words: Tissue factor; protease activated receptor;
Hepatic stellate cell; liver fibrosis; macrophage
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: No effective anti-fibrotic therapies are avail
able for patients with cirrhosis. PAR-2, a receptor that
activates coagulation and inflammation, promotes
hepatic fibrosis; whether tissue factor (TF), the primary
initiator of the coagulation cascade, affects hepatic
fibrosis is unknown. We found that deletion of the TF
cytoplasmic domain reduces fibrosis through an effect
on hepatic stellate cell activation, possibly mediated
through reduced hepatic macrophage activation.
Currently available direct thrombin inhibitors may be
useful in preventing hepatic fibrosis while therapeutic
targeting of the cytoplasmic domain of TF may be useful
in patients with advanced liver disease, as its deletion
does not alter coagulation.
Knight V, Lourensz D, Tchongue J, Correia J, Tipping P, Sievert
W. cytoplasmic domain of tissue factor promotes liver fibrosis in
mice. World J Gastroenterol 2017; 23(31): 5692-5699 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v23/
i31/5692.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i31.5692

INTRODUCTION
Chronic hepatocyte injury leads to a wound healing
response that can result in excessive inflammation,
collagen deposition and advanced hepatic fibrosis.
The coagulation system is involved in the acute re
sponse to injury with formation of a fibrin clot, but
also plays an important role in the inflammatory
signalling that perpetuates wound healing and tissue
remodelling. The links between inflammation and
coagulation occur through tissue factor (TF) and
through protease activated receptors (PAR) although
the relative contributions of each to inflammatory and
fibrotic outcomes are unclear. TF is a transmembrane
glycoprotein receptor with a pivotal role in hemostasis
initiated by binding FⅦ a, its principal ligand. Clot
formation following TF ligation is well known, however
downstream events also include expression of proinflammatory cytokines such as interleukin (IL)-6.
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MATERIALS AND METHODS
Animals

Mice on a 25%Swiss/25%129S/50% MF-1 background
with deletion of 18 of the 20 amino acids of the TF
§CT/ §CT
cytoplasmic domain (TF
) were generated by Cre-lox
recombination as previously described and backcrossed
[11]
§CT/§CT
9 generations onto a C57BL6 background . TF
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mice have normal development, coagulation and
fertility. PAR-2 knockout mice were generated as
[10]
previously described . Mice with deletion of both the
§CT/§CT
-/TF cytoplasmic domain and PAR 2 (TF
/PAR-2 )
were generated; these mice have normal develop
ment, coagulation and fertility. Mice were allowed
food and water ad libitum and were housed at a
constant temperature in 12:12 hour light-dark cycle.
Experimental protocols were approved by the Monash
University Animal Ethics Committee and mice received
humane care as specified under the Australian code of
practice for the care and use of animals for scientific
purposes.

paraformaldehyde fixed 4 micron thick liver tissue
sections were stained with primary antibody for αSMA
(monoclonal mouse anti-mouse α-smooth muscle actin,
Sigma, St Louis, MO, United States) and CD68 (rat
anti mouse CD68, FA11 a gift of Dr G Koch, Cambridge
United Kingdom, 1:100). The following secondary
antibodies were used: αSMA biotinylated rabbit antimouse IgG2a antibody (Invitrogen, Camarillo, CA,
United States, 1:300) and CD68 polyclonal rabbit anti
rat IgG (DAKO #E0468 1:150). In brief sections were
dewaxed, rehydrated and then blocked with 0.6%
hydrogen peroxide and cellular apoptosis susceptibility
protein blocking solution (Invitrogen, Camarillo, CA,
United States). Primary antibody incubations for 30
min at room temperature (αSMA) and overnight at
4 ℃ (CD68) were followed by application of secondary
antibody. Staining was amplified using avidin-biotin
complex kit (Vector Laboratories, Burlingame, CA,
United States) and detected with 3,3’ diaminobenzidine
(Dako, Carpentaria, CA, United States). Slides were
counterstained with Harris hematoxylin. For quantification
of immunoreactivity, 15 consecutive non-overlapping
fields at 250 × magnification (αSMA, CD68) were
scored using a graticule eyepiece in a blinded fashion.
Negative controls consisted of a mouse IgG1 isotype
control antibody (Dako, Glostrup, Denmark) and water
substituting for the primary antibody.

Induction of hepatic fibrosis

Liver fibrosis was induced in male mice by twiceweekly intraperitoneal injections of 1 μl/g body weight
CCl4 mixed with olive oil (1:10). Starting between 8-10
§CT/§CT
wk of age, four groups of mice were studied. TF
§CT/§CT
-/(n = 9), TF
/PAR-2 (n = 6) and wild type (WT)
C57BL/6 (n = 10) all received CCl4 for 8 wk. A control
group of WT C57BL/6 mice (n = 8) received olive oil
alone for 8 wk as a vehicle control.

Hepatic fibrosis assessment

Liver fibrosis area: Four micron thick sections of
paraffin embedded liver tissue were deparaffinised and
stained with picrosirius red (Sirius red F3BA 0.1% wt/vol
in saturated picric acid) for 90 min, washed in acetic
acid and water (5:1000), dehydrated in ethanol and
mounted in neutral DPX. Fifteen consecutive nonoverlapping fields were acquired for each mouse
liver, the image digitised and fibrosis area analysed
by Scion Image for Windows (vAlpha 4.0.3.2, Scion
Corporation, Frederick, MD, United States).

Gene expression studies

Mouse RNA was extracted using the Qiagen RNeasy
mini kit according to the manufacturer’s instructions
(Qiagen Pty Ltd, Hilden, Germany). Briefly, 0.02 to 0.03
g of liver was placed in RNAse free tube. 600 μl of RLT
was added to each sample which was then vortexed
for 15 min. The resultant lysate was pipetted into a
QIA shredder spin column and centrifuged initially at
full speed for 2 min, then the column was removed
and the lysate was centrifuged for a further 3 min.
The resultant supernatant was removed and added
to equal volume of 50% ethanol, transferred to an
RNeasy spin column, centrifuged for 15 s and the flow
through discarded. Seven hundred microliter Buffer
RW1 was added and the column was centrifuged for 15 s
and followed by the addition of two aliquots of 500
μl of RPE, centrifuging in between for 15 s and 2 min
respectively. The RNeasy spin column was placed in a
new collection tube, centrifuged for 1 min and then 30
μl of RNase-free water was added directly to the spin
column membrane, centrifuged and then a further 30
μl of RNase-free water was added. Four microliter of
RNa was added to 76 μl of RNase free water. The RNA
concentration was measured with a Nanodrop ND-100
spectrophotometer (Thermo Scientific, Waltham, MA,
United States). RNA was used to generate cDNA using
the High-Capacity cDNA Reverse Transcription Kit
(Applied Biosystems, Foster City, CA, United States)
as per manufacturer’s instructions. Briefly, 2 × RT

Hepatic collagen content: Hydroxyproline is an
amino acid that stabilises collagen deposited in the
liver and is exclusively associated with collagenous
connective tissue and therefore is a good surrogate
[12]
for quantification of collagen deposition . Hepatic
hydroxyproline content was quantified using liver
tissue frozen in liquid nitrogen as previously described
[13]
with minor modification . Briefly, liver samples
were weighed and hydrolysed in 2.5 mL of 6 N HCl at
110 ℃ for 18 h in Teflon coated tubes. The hydrolysate
was centrifuged at 3000 rpm for 10 min; the pH of
the resulting supernatant was adjusted to 7.4 and
absorbance measured at 558 nm. Total hydroxyproline
content was measured against a standard curve
prepared with trans-4-hydroxy-L-proline (SigmaAldrich, St Louis, MO, United States) preparations in
the range of 0.156 to 5.0 μg/ml and expressed per
milligram of wet tissue weight.
Hepatic stellate cell and macrophage immuno
histochemistry: To identify activated hepatic stellate
cells (myofibroblasts) and hepatic macrophages,
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Windows (GraphPad Software, Inc, La Jolla, United
States). A p value < 0.05 was considered significant.

Table 1 Primer sequences used in gene expression studies
Target gene
18s
TGFβ
MMP-2
TIMP-1
PAR-1
PAR-2
18S

Primer sequence (5’-3’)
Forward: 5’-GTAACCCGTTGAACCCCATTC-3’
Reverse: 5’-GCCTCACTAAACCATCCAATC G-3’
Forward: 5’-TGCCCTCTACAACCAACACA-3’
Reverse: 5’-GTTGGACAACTGCTCCACCT-3
Forward: 5’-ACCCAGATGTGGCCAACTAC-3’
Reverse: 5’-TCATTTTAAGGCCCGAGCAA-3’
Forward: 5’-ACGAGACCACCTTATACCAGCCG-3’
Reverse: 5’-GCGGTTCTGGGACTTGTGGGC-3’
Forward: 5’-CTCCTCAAGGAGCAGACCCAC-3’
Reverse: 5’-AGACCGTGGAAACGATCAAC-3’
Mm00433160_m1, using TaqMan Gene Expression Master
Mix (Applied Biosystems)
Hs03003631_g1 using TaqMan Gene Expression Master
Mix (Applied Biosystems)

RESULTS
Hepatic fibrosis

Quantitative analysis of histological fibrosis by com
puter-assisted morphometry in CCl4-treated WT mice
showed a marked increase in liver fibrosis area (LFA) at
8 wk (3.39% ± 0.26%) compared to vehicle controls
(LFA 0.7% ± 014%) (p < 0.0001). CCl4 administration
§CT/§CT
§CT/§CT
induced similar levels of fibrosis in TF
and TF
/
-/PAR-2 mice (1.76% ± 0.17% and 1.94% ± 0.11%
respectively), which were similar to that seen with
-/PAR-2 mice (LFA 2.09% ± 0.28%). Compared to WT
-/mice, at 8 wk LFA was significantly lower in the PAR-2
§CT/ §CT
§CT/ §CT
-/(p < 0.001), TF
(p < 0.0001) and TF
/PAR-2
mice (p < 0.01) (Figure 1A-F).

master mix was prepared from supplied components
as follows: 2.0 μl 10 × RT buffer, 0.8 μl 25 × dNTP
mix (100 mmol/L), 10 × RT Random Primers, 1.0
TM
μl Multiscribe Reverse Transcriptase, 1.0 μL RNase
Inhibitor and 3.2 μl of Nuclease free water. Nineteen
microliter of 2 × RT master mix was combined with
10 μL of RNA containing 1 μg RNA. The tubes were
centrifuged. The PCR program involved Step 1: 25 ℃
for 10 min, Step 2: 37 ℃ for 120 min, Step 3: 85 ℃
for 5 s, and Step 4: 4 ℃ for 10 min and then samples
were collected and stored at -80 ℃.
Real time PCR analysis was performed (Power Sybr
Green, Roche, Manheim, Germany) using a Rotor Gene
3000 light cycler (Qiagen Pty Ltd, Sydney, Australia)
and the specific target mRNA of interest quantified
as a ratio relative to 18S RNA content of the sample.
200 ng of cDNA was used per reaction. The primer
sequences used in analysis are found in Table 1.

Hepatic hydroxyproline content

Histological assessment of fibrosis area correlated with
the amount of liver hydroxyproline, a surrogate marker
§CT/§CT
§CT/§CT
-/for collagen content. TF
and TF
/PAR-2
mice showed significantly less hepatic hydroxyproline
content (0.37 ± 0.017 μg/mg and 0.37 ± 0.02 μg/mg)
compared to WT mice (0.61 ± 0.03 μg/mg) at 8 wk
§CT/ §CT
(p < 0.05). Hydroxyproline content in TF
and TF
§CT §CT
-//PAR-2 mice were similar to that seen in the
-/PAR-2 mice (0.39 ± 0.02 μg/mg) (Figure 2).

Reduced hepatic stellate cell activation in TF§CT/ §CT and
TF§CT/ §CT/PAR-2-/- mice

We identified αSMA positive cells as a marker of HSC
activation and myofibroblast differentiation. There
were significantly fewer αSMA positive cells seen his
§CT/§CT
§CT/§CT
-/tologically in the TF
and TF
/PAR-2 groups
compared to WT (19.99, 19.96 and 30.09 mean αSMA
positive cells/hpf respectively, p < 0.0001) (Figure 3).
The reduction observed in αSMA positive cells in the TF
§CT/§CT
§CT/§CT
-/and TF
/PAR-2 groups was similar to that
-/observed in PAR-2 alone.

Protein expression studies

Extracts were prepared from snap frozen liver by
homogenisation in lysis buffer (Tris-HCl 50 mmol/L,
NaCl 150 mmol/L, EDTA 1 mmol/L, 1% Triton X-100,
0.5% Tween-20, 0.1% SDS) containing a protease
inhibitor cocktail (#11836170, Roche Diagnostics,
Mannheim, Germany) followed by centrifugation at
14000 × g for 15 min at 4 ℃ . Supernatants were
collected and activated with acetic acid/urea prior to
analysis. TGFβ1 content of liver protein extracts were
measured using a mouse TGFβ1 ELISA kit (R and D
Systems Inc, Minneapolis, MN, United States). Plates
were read using the Bio-Rad microplate reader at 450
nm and TGFβ1 concentrations were calculated from
the standard curve by the plate reader software.

TF§CT/ §CT and TF§CT/ §CT/PAR-2 deficiency reduces hepatic
TGFβ expression

CCl4 induced hepatic fibrosis was associated with
upregulation of TGFβ mRNA (3.57 fold greater than
control) and protein (11.41 ± 0.98 pg/mg liver vs control
§CT/§CT
7.01 ± 0.01 pg/mg in WT mice) at 8 wk. In TF
mice, TGFβ mRNA expression was significantly reduced
(0.22 ± 0.05 fold greater than control, p < 0.0001).
§CT/§CT
-/In TF
/PAR-2 mice there was a trend towards
TGFβ mRNA reduction (1.21 ± 0.14 fold greater than
§CT/§CT
control, p = NS) (Figure 4A). In both the TF
and
§CT/§CT
-/TF
/PAR-2 mice, TGFβ protein was similar to
controls (6.14 ± 0.33, 6.45 ± 0.84 and 7.01 ± 0.18
pg/mg wet liver weight respectively) and significantly
lower than the TGFβ protein level in wildtype mice (p <
0.0001) (Figure 4B).

Statistical analysis

Data are expressed as mean ± SEM. Statistical sig
nificance was determined by one-way ANOVA with
Newman-Keuls post-test for multiple comparisons
or Student’s t-test for comparisons between two
groups as appropriate, using GraphPad Prism 5.03 for
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Figure 3 Hepatic stellate cell activation (smooth muscle actin expression).
The number of αSMA positive cells was significantly lower in the TF§CT/§CT and
TF§CT/§CT/PAR-2-/- mice compared to wildtype and was similar to PAR-2 KO mice
(bp < 0.01, dp < 0.0001).

Figure 2 Hepatic hydroxyproline content. Hydroxyproline content, a
surrogate marker for collagen, was significantly less in the PAR-2-/-, TF§CT/§CT
and TF§CT/§CT-PAR-2 KO mice compared to wildtype mice (ap < 0.05).

TF§CT/ §CT and TF§CT/ §CT/PAR-2 deficiency decreases MMP2
mRNA

ECM remodelling during development of hepatic fibrosis
(Figure 5). MMP-2 mRNA expression was significantly
§CT/§CT
§CT/§CT
-/lower in TF
and TF
/PAR-2 mice compared
to WT mice (p < 0.0001 and p < 0.01 respectively),
suggesting ECM remodelling is reduced in association
with the lower levels of fibrosis seen at 8 wk in these
mice.

Matrix metalloproteinases (MMP) regulate matrix
composition and turnover and in turn are regulated
by specific tissue inhibitors, TIMPs. The balance of
the expression of different MMPs changes throughout
the development of liver injury, but in general there is
upregulation of the basement membrane-like MMPs,
such as MMP2 and 9 and down regulation of interstitial
type MMPs such as MMP1 (MMP13 in mice). In WT mice
treated with CCl4 for 8 wk, MMP2 mRNA increased (6.29
± 1.45 fold greater than control), consistent with active
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Activated hepatic macrophages are decreased in TF§CT/ §CT
and TF §CT/ §CT/PAR-2 deficient mice
We used CD68 (macrosialin) to identify activated macro
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+

phages. There were significantly fewer CD68 hepatic
§CT/§CT
§CT §CT
-/macrophages in both the TF
and TF
/PAR-2
mice compared to WT mice (33.24 ± 1.47, 38.70 ±
1.78, 48.75 ± 2.87 positive cells/hpf; p < 0.001, p
< 0.05 respectively) (Figure 6). We observed similar
-/findings in PAR-2 mice suggesting a role for PAR-2 in
[9]
macrophage recruitment and activation . The current
findings suggest that the TF cytoplasmic domain, as
well as PAR-2, may be involved in this process.

over 100 fold higher in patients with cirrhosis compared
[15]
to non-cirrhotic patients . PAR-1 polymorphisms
were shown to influence the hepatic fibrosis rate in
Brazilian and European patients with chronic hepatitis
[16]
C infection . Resistance to activated protein C occurs
in patients heterozygous for the factor V Leiden
mutation leading to increased thrombin activity, which
is a mitogen for hepatic stellate cells. Factor V Leiden
heterozygosity has been associated with rapid fibrosis
[17]
progression in hepatitis C patients . Given our
previous study showing that PAR-2 deletion decreased
hepatic fibrosis in mice and data showing that the TF
cytoplasmic domain induces proinflammatory effects in
macrophages we examined the relative contributions of
TF and PAR-2 in the development of toxin-induced liver
fibrosis.
We found that mice with deletion of the TF cyto
plasmic domain had lower hepatic collagen content and
less histological fibrosis than wild type mice following 8 wk of

DISCUSSION
There is growing evidence in animal models and in
humans that injury-related signalling through the
pivotal coagulation receptors, TF and PAR, can drive
hepatic fibrogenesis. A recent study of acute injury
in mice given a single injection of CCl4 demonstrated
elevated hepatocyte TF levels and tissue injury that
were blocked by specific TF antisense oligonucleotide
[14]
therapy . In man, TF levels have been found to be
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CCL4 exposure. This was accompanied by fewer αSMA
positive cells histologically suggesting reduced hepatic
stellate cell activation. There was significantly lower
gene and protein expression of the key profibrogenic
cytokine TGFβ and a reduction in MMP2 expression in
§CT/§CT
TF
mice. These data suggest that activation of the
cytoplasmic domain of TF promotes hepatic fibrosis by
inducing a profibrogenic phenotype in hepatic stellate
cells. In angiogenesis, the cytoplasmic domain of TF acts
as a negative regulator of PAR-2. If that were true in
this model of liver fibrosis, then loss of the cytoplasmic
domain and thus loss of negative regulation of PAR-2,
should lead to increased fibrosis through increased
PAR-2 activation. However this was not observed in our
study. In fact, the protection from experimentally induced
§CT/§CT
liver fibrosis that the TF
mice were afforded was
similar to that which we previously observed in mice
[10]
with PAR 2 deficiency . This observation is consistent
with the observation in other studies that TF may be
[7]
necessary for PAR-2 mediated inflammation .
We found that mice with dual receptor deletion
§CT/§CT
-/(TF
/PAR-2 ) in this experimental model also
exhibited reduced fibrosis, reduced stellate cell
activation and reduced expression of TGFβ. If the
mechanisms underlying fibrogenesis through the TF
cytoplasmic domain and PAR-2 were independent, an
additive effect and thus greater reduction in fibrosis
would potentially have been observed in these mice.
However, the extent of fibrosis reduction seen in the
§CT/§CT
-/§CT/ §CT
TF
/PAR-2 mice was similar to that seen in TF
-/mice and PAR-2 mice, suggesting that the TF
cytoplasmic domain and PAR-2 may signal through a
common downstream pathway to promote fibrosis.
§CT/§CT
Our studies in TF
mice demonstrated signifi
+
cantly fewer CD68 activated macrophages supporting
the view that TF cytoplasmic domain signalling
is important for macrophage activation. Hepatic
macrophages (Kupffer cells) play a pivotal role in both
fibrogenesis and fibrolysis. Macrophages constitutively
express TF, which is upregulated during macrophage
maturation. Activated macrophages release TGFβ1,
which activates HSC, in addition to mitogenic and
[18]
chemotactic factors for activated HSC . At 8 wk
we observed a reduction in the number of activated
+
§CT/§CT
macrophages (CD68 ) in both TF
mice and TF
§CT/§CT
-//PAR-2 compared to WT. This may be because
the cytoplasmic domain of tissue factor is essential for
Factor Ⅶa induced calcium fluxes in macrophages in
vitro. In vivo studies in which TF/Factor Ⅶa interactions
were blocked using a TF antibody led to reduced
expression of MHC class Ⅱ and β2 integrin leucocyte
adhesion molecules which are markers of macrophage
[3]
activation .
There is increasing interest in macrophage pheno
types in liver disease as classically activated M1
macrophages are proinflammatory and alternatively
activated M2 macrophages are anti-inflammatory. A
§CT/§CT
recent study has shown that TF
mice fed a high fat
diet demonstrated reduced inflammatory macrophages
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in adipose tissue with reduced proinflammatory cytokine
production, suggesting that TF signalling is directly
involved in regulating macrophage inflammation and
may sustain M1 polarisation. Interestingly, there was
no additive effect of double deletion of TF and PAR-2 on
diet induced obesity, similar to the outcomes we have
[8]
observed in hepatic fibrosis .
In conclusion we have established, for the first time
to our knowledge, that deletion of the TF cytoplasmic
domain significantly reduces experimental hepatic
fibrosis. Furthermore we have shown that deletion
of the cytoplasmic domain in addition to PAR-2 de
ficiency does not lead to more profound protection
from fibrosis and in fact that mice lacking the tissue
factor cytoplasmic domain phenocopy PAR-2 deficiency.
This demonstrates that the tissue factor cytoplasmic
domain is involved in pathological TF-PAR-2 signalling.
The potential to intervene in this process by inhibiting
thrombin or FXa is relevant given the widespread
clinical availability of direct inhibitors. For example,
administration of argatroban, a direct thrombin inhibitor,
to mice fed a Western diet significantly reduced
hepatic macrophage accumulation, pro-fibrogenic
gene expression and hepatic steatosis suggesting that
thrombin inhibition could reduce the risk of fibrosis
[9]
development in NAFLD patients . It would be prudent
to limit therapeutic coagulation inhibition to noncirrhotic patients at risk of fibrosis progression in order
to avoid the risk of bleeding events in cirrhotic patients.
This makes the cytoplasmic domain of TF an attractive
therapeutic target, as its deletion would not impact on
coagulation and thus could be a potentially beneficial
anti-fibrotic strategy in patients with advanced liver
disease.

COMMENTS
COMMENTS
Background

Globally, liver cirrhosis is the sixth most common cause of life-years lost to
premature mortality. Cirrhosis represents a “wound healing” response to
persistent inflammatory injury (commonly due to fat, alcohol or hepatitis viruses)
that can lead to excessive collagen deposition and disruption of normal liver
architecture. The coagulation system is active in both the acute response to
organ injury as well as in inflammatory signaling that perpetuates the wound
healing response. The molecular link between inflammation and coagulation
occurs through tissue factor (TF) and protease activated receptors (PARs)
although the relative contribution of each remains unclear.

Research frontiers

Currently no anti-fibrotic agents are available for patients with cirrhosis. Liver
transplantation may be the only effective treatment for those who progress
to hepatic decompensation or develop hepatocellular carcinoma. In order
to develop therapeutic anti-fibrotic agents, the authors must understand the
cellular and molecular pathways that cause inflammation and fibrosis.

Innovations and breakthroughs

The authors previously showed that PAR-2 was involved in hepatic fibrosis,
since deletion of the PAR-2 gene resulted in decreased fibrosis in mice. Since
the TF cytoplasmic domain is a negative regulator of PAR-2 in angiogenesis,
they explored this relationship in a model of liver fibrosis. They found that mice
with low levels of the cytoplasmic domain of TF had less fibrosis than control
mice with fewer activated hepatic stellate cells, the principal liver cells that
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produce collagen, and fewer activated macrophages, which express cytokines
that drive HSC activation.

Applications

8

Inhibition of coagulation, for example, by direct thrombin inhibitors, could
prevent fibrosis progression in cirrhotic patients but would increase the risk of
bleeding events in a patient group at high risk for such events. However, direct
targeting of the cytoplasmic domain of TF, which is involved in intracellular
signalling but not in coagulation, could be a potentially beneficial anti-fibrotic
strategy in cirrhotic patients.

9

Peer-review

The paper by Knight et al describes that genetic ablation of the intracellular
portion of TF or of PAR2 downstream to TF both reduce in a non-additive
fashion fibrosis in the liver induced by treating mice with CCL4. Some insights in
the mechanism of action of the two manipulations were provided by histological
data indicating that they both reduce the frequency of activated smooth muscle
cells and activated macrophages and the levels of TGF-β, a known profibrotic
factor, in the liver. The results are interesting in view of the fact that liver fibrosis
is an unmet clinical need which involves a large number of patients and that
drugs targeting TF have been developed and are currently in clinical trials for
treatment of thrombosis.
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Abstract

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by
the Institutional Animal Care and Use Committee of the Wuhan
University.

AIM
To elucidate the impact of Schistosoma (S. ) japonicum
infection on inflammatory bowel disease by studying
the effects of exposure to S. japonicum cercariae on
dextran sodium sulfate (DSS)-induced colitis.

Conflict-of-interest statement: To the best of our knowledge,
no conflict of interest exists.

METHODS
Infection was percutaneously established with 20 ±
2 cercariae of S. japonicum , and colitis was induced
by administration of 3% DSS at 4 wk post infection.
Weight change, colon length, histological score (HS)
and disease activity index (DAI) were evaluated.
Inflammatory cytokines, such as IL-2, IL-10 and IFN-γ,
were tested by a cytometric bead array and real-time
quantitative polymerase chain reaction (RT-PCR). Protein
and mRNA levels of IRE1α, IRE1β, GRP78, CHOP, P65,
P-P65, P-IκBα and IκBα in colon tissues were examined
by Western blot and RT-PCR, respectively. Terminal
deoxynucleotidyl transferase-mediated dUTP nick-end
labeling positive cells, cleaved-caspase 3 expression and

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
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reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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chronic and complicated inflammatory lesions of the
intestinal tract, includes ulcerative colitis (UC) and
[1,2]
Crohn’s disease (CD) . Epidemiological investigations
have shown that the incidence and morbidity of IBD
[3,4]
are increasing worldwide . However, the mechanism
of IBD is still unclear, and the environment, individual
[1,5]
genetics, infection and host immunity are involved .
Elucidating the exact mechanism of IBD and developing
effective treatments will be valuable for ameliorating
patients’ quality of life.
Exposures to infectious agents (such as parasites)
are suggested to have fundamental effects on the
development and behavior of the immune system,
which may decrease the incidence of both allergic
[6]
and autoimmune diseases . Thus, several studies
were performed to investigate the effects of helminth
infections on IBD. Patients with UC or CD showed
significant disease remission after administration of
viable and embryonated eggs of T. suis (the porcine
whipworm), suggesting the therapeutic effects of
[7,8]
parasites on IBD . Seven of nine Crohn’s patients
infected with larvae of Necator, the human hookworm,
showed an improved disease score, and their
inflammatory cytokine (IFN-γ and IL-17) responses
in duodenal biopsies were reduced compared to
[9,10]
those of placebo-treated patients
. In addition,
a mouse model of experimental colitis induced with
trinitrobenzene sulfonic acid (TNBS) or dextran sodium
sulfate (DSS) also showed decreased susceptibility to
IBD or attenuated symptoms after treatment with eggs
[11-13]
or larvae of Schistosoma (S.)
. However, infection
with S. mansoni soluble egg antigen had no effect on
[14]
mice with DSS–induced colitis . Moreover, Smith et
[15]
al
demonstrated that mice with colitis induced with
DSS displayed worsening results after injection of S.
mansoni eggs. These dissimilar outcomes of the impact
of Schistosoma on IBD have yet to be investigated
since the underlying mechanism is still unclear.
Here, we infected mice with S. japonicum cercariae
via contact with the abdomen skin, which is a classical
[16]
and natural method to infect hosts, such as mice .
Then, we investigated the effects of S. japonicum
infection on the relatively simple and replicable DSSinduced colitis model due to the limitations of human
clinical trials. DSS-induced colitis has been widely used
as an animal model of experimental IBD, especially
UC, due to its similarities to IBD characteristics, such
as diarrhea, mucosal ulceration, rectal bleeding and
[17-19]
body weight loss
. In the present study, we aimed
to explore the effects of exposure to S. japonicum
cercariae on DSS-induced colitis and identify the
underlying pathogenesis of IBD.

Bcl2/Bax were investigated to assess the apoptosis in
colon tissues.
RESULTS
Mice infected with S. japonicum cercariae were less
susceptible to DSS. Mice infected with S. japonicum
cercariae and treated with DSS showed decreased
weight loss, longer colon, and lower HS and DAI
compared with mice treated with DSS alone. A
substantial decrease in Th1/Th2/Th17 response was
observed after infection with S. japonicum . Endoplasmic
reticulum (ER) stress and the nuclear factor-kappa B
(NF-κB) pathway were reduced in mice infected with
S. japonicum cercariae and treated with DSS, along
with ameliorated celluar apoptosis, in contrast to mice
treated with DSS alone.
CONCLUSION
Exposure to S. japonicum attenuated inflammatory
response in a DSS-induced colitis model. In addition
to the Th1/Th2/Th17 pathway and NF-κB pathway,
ER stress was shown to be involved in mitigating
inflammation and decreasing apoptosis. Thus, ER stress
is a new aspect in elucidating the relationship between
helminth infection and inflammatory bowel disease
(IBD), which may offer new therapeutic methods for
IBD.
Key words: Endoplasmic reticulum stress; Schistosoma

japonicum ; Colitis

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Schistosoma (S. ) japonicum has been demon
strated to participate in the development of colitis in
animal experiments as well as clinical trials. However,
the effects of Schistosoma infection on colitis and the
underlying mechanism are still elusive. Here, we studied
the effects of exposure to S. japonicum cercariae on
dextran sodium sulfate (DSS)-induced colitis. We found
that S. japonicum attenuated DSS-induced colitis in
mice by reducing inflammatory response and apoptosis
in colon tissues. Besides Th1/Th2/Th17 pathway and
nuclear factor-kappa B pathway, endoplasmic reticulum
stress played an important role in the preventive effects
of parasite infection on DSS-induced colitis.
Liu Y, Ye Q, Liu YL, Kang J, Chen Y, Dong WG. Schistosoma
japonicum attenuates dextran sodium sulfate-induced colitis in
mice via reduction of endoplasmic reticulum stress. World J
Gastroenterol 2017; 23(31): 5700-5712 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i31/5700.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i31.5700

MATERIALS AND METHODS
Ethics statement

INTRODUCTION

All animal experiments during this research were
performed in accordance with the recommendations in

Inflammatory bowel disease (IBD), which involves
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Western blot or RT-PCR analysis. The distal segment
of the colon (approximately 0.5 cm) was fixed in 10%
buffered formalin for histological observation.

Table 1 Disease activity index score parameters
Score
0
1
2
3
4

Body weight loss

Stool consistency

Rectal bleeding

0%-1%
1%-5%
5%-10%
10%-15%
> 15%

Normal
Soft and shaped
Loose
Between
Diarrhea

None
Between
Slight
Between
Gross bleeding

Histological observation

To assess colon inflammation, the formalin-treated
colon was embedded into paraffin. Serial sections with
5 mm thickness were cut and stained with hematoxylin
and eosin (H and E, Richard Allen Scientific, Kalamazoo,
MI, United States). Histological score (HS) was ca
lculated in a blinded manner three times as shown in
[21]
Table 2 . CD3 and Ly6G monoclonal antibodies were
used to assess the infiltration of inflammatory cells.
Cleaved caspase 3 (C-C3) was tested to identify the
cellular apoptosis in colon tissues. All digital images
were taken using a fluorescence microscope (Olympus
DX51, Olympus, Tokyo, Japan) and processed with a
digital image analysis system (Image-Pro Plus version
6.0, Media Cybernetics, Bethesda, MD, United States).
Then the original pictures were merged and the positive
cells were quantified. Data were obtained from 3 or
more mice per group.

the Guide for the Care and Use of Laboratory Animals
of Wuhan University.

Materials and grouping

Oncomelania hupensis snails infected with S. japonicum
were obtained from the Institute of Parasitic Disease
Control and Prevention, Jiangsu Province, China. Male
Kunming mice, weighing 14-16 g, were purchased
from the Hubei Provincial Center for Disease Control.
DSS for inducing acute colitis was purchased from
MP Biochemicals (Solon, OH, United States). Antibodies
for immunofluorescence, Western blot and cytokine
tests were purchased from Abcam (Cambridge, MA,
United States), Bioworld Technology (Minneapolis, MN,
United States), Millipore (Billerica, MA, United States),
Santa Cruz Biotechnology (Santa Cruz, CA, United
States) and Cell Signaling Technology (Danvers, MA,
United States).
Forty mice were randomly divided into four groups
with ten mice in each group. The mice only treated
with DSS were termed the DSS group, and those only
infected with cercariae were called the CER group.
The mice in the CER + DSS group were infected with
cercariae and subsequently treated with DSS. In
the control group, the mice were treated with saline
instead.

Detection of inflammatory cytokines

Cytometric bead array (CBA) was used to detect the
expression of several inflammatory cytokines (IL-2,
IL-4, IL-6, IL-10, IL-17A, TNFα and IFN-γ) in the serum
of different groups. Serum samples were assayed
with a mouse Th1/Th2/Th17 Cytokine Kit (560484,
BD), which included seven specific capture beads.
After reacting with the bead mixture for 3 h in a dark
environment at room temperature, blood samples were
analyzed by flow cytometry (Aira Ⅲ, BD) to identify
the numbers of different positive beads. FCAP Array v3
version 3.0.1 from BD Biosciences was employed to
translate the images into data.

Infection with S . japonicum

Western blot analysis

The infected snails were illuminated to induce cercarial
shedding. The mice from the CER group and CER +
DSS group were percutaneously infected with 20 ± 2
cercariae of S. japonicum, while those in the control
group and DSS group were treated with saline by
dermal contact.

The proteins extracted from colon tissues of the mice
in different groups were boiled with loading buffer
and subjected to SDS-PAGE. Then, they were blotted
onto polyvinylidene fluoride membranes (IPVH00010,
Millipore), which were then washed and blocked with
Tris-buffered saline containing 5% milk and 0.1%
Tween-20 for 2 h. The treated membranes were
incubated with particular antibodies overnight at 4 ℃.
An enhanced chemiluminescence reagent (LiDE110,
Canon) was used to detect the expression of proteins
according to the protocol. All images were analyzed
with AlphaEaseFC software, and GAPDH was used as
the reference.

Induction and evaluation of colitis

After 4 wk of the infection, the mice in the CER + DSS
group and DSS group were fed 3% (wt/vol) DSS freely
to induce acute colitis. The status of each mouse,
including weight, morbidity, stool properties, and
bleeding, was recorded daily. Disease activity index
[20]
(DAI) was assessed as described in Table 1 .
All mice were sacrificed on day 7 after DSS feeding.
Blood samples were collected and centrifuged to isolate
serum, which was subsequently stored at -80 ℃. The
entire colon was cut away and gently washed with
saline precooled to 4 ℃, most of which was dried and
frozen in liquid nitrogen immediately for subsequent
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Real-time PCR

Total RNA was obtained from 1 mg of colon tissue using
TRIzol reagent (15596-026, Invitrogen) and converted
TM
into cDNA using a PrimeScript RT reagent Kit with
gDNA eraser (RR047A, TaKaRa). The parameters for
RT-PCR amplification were as follows: 95 ℃ for 1 min,
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Table 2 Histological scoring system used in this study
Score

Damaged area

Mucodepletion of glands

Tissue damage

Inflammatory cell infiltration

0

N/A

None

No mucosal damage

1

≤ 25%

Mild

Discrete epithelial lesions

2

≤ 50%

Moderate

Surface mucosal erosion or focal ulceration

3

≤ 75%

Moderate

Extensive mucosal damage and extension into
deeper structures of the bowel wall

Occasional inflammatory cells in the lamina
propria
Increased numbers of inflammatory cells in
the lamina propria
Confluence inflammatory cells, extending into
the submucosa
Transmural extension of the infiltrate

4

≤ 100%

Severe

Table 3 Gene-specific primer pairs used in the study
Primer name
M-GAPDH
M-IL-6
M-IL-10
M-TNF-α
M-TGF-β
M-IFN-γ
M-IL-1b
M-IL-17a
M-IRE1a
M-IRE1b
M-GRP78
M-CHOP

Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

Primer sequence

Product length (bp)

5’-TGAAGGGTGGAGCCAAAAG-3’
5’-AGTCTTCTGGGTGGCAGTGAT-3’
5’-CTTCTTGGGACTGATGCTGGT-3’
5’-CACAACTCTTTTCTCATTTCCACG-3’
5’-TACAGCCGGGAAGACAATAACT-3’
5’-AGGAGTCGGTTAGCAGTATGTTG-3’
5`-TCCCCAAAGGGATGAGAAGTT-3’
5’-GAGGAGGTTGACTTTCTCCTGG-3’
5’-AGAGCCCTGGATACCAACTATTG-3’
5’-TGCGACCCACGTAGTAGACG-3’
5’-CTCAAGTGGCATAGATGTGGAAG-’
5’-GACCTCAAACTTGGCAATACTCA-3’
5’-GGGCCTCAAAGGAAAGAATCT-3’
5’-GAGGTGCTGATGTACCAGTTGG-3’
5’-GTCTTTAACTCCCTTGGCGC-3’
5’-GGCACTGAGCTTCCCAGATC-3’
5’-ACACACCGACCACCGTATCTC-3’
5’-GGGTAAGTGATGATGAACGCC-3’
5’-TGGACGGTCCCACAACAGAT-3’
5’-GGGAGGTTCGTGGTATCCAA-3’
5’-GATGAAATTGTTCTGGTTGGTGG-3’
5’-AGTGTAAGGGGACAAACATCAAG-3’
5’-GGAGCTGGAAGCCTGGTATG-3’
5’-GGGCACTGACCACTCTGTTTC-3’

227

142
298
286
250
195
136
157
140
203
285

calculated in a blinded manner.

followed by 40 cycles of 95 ℃ for 15 s, 58 ℃ for 20 s and
72 ℃ for 45 s. Primers for RT-PCR are listed in Table 3,
and GAPDH was used as the housekeeping gene.

Statistical analysis

One-way analysis of variance or Kruskal-Wallis H test was
performed to analyze all the data (SPSS 20.0 software).
P < 0.05 was considered statistically significant.

Terminal deoxynucleotidyl transferase-mediated dUTP
nick-end labeling assay

Transferase-mediated dUTP nick-end labeling (TUNEL)
(ApopTag Plus In Situ Apoptosis Fluorescein Detection
Kit, Millipore) assay was performed to assess cellular
apoptosis. Paraffin-embedded tissue sections were
treated with protease K solution for 15-30 min at 37 ℃
after dewaxing and rehydrating. Sections were washed
and incubated with TUNEL reaction mixture for 60 min
at 37 ℃ in a moist chamber. Addition of converterPOD for 30 min at 37 ℃ and substrate solution for 30
min at room temperature was performed sequentially.
Fluorescence microscopy was used to analyze the
sections, and Image-Pro Plus version 6.0 was adopted
to process the digital images. Then the original pictures
were merged and the positive cells were quantified.
Data obtained from 3 or more mice per group were
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RESULTS
Effect of S. japonicum infection on the development of
colitis

To evaluate the effect of exposure to S. japonicum
cercariae on the development of colitis, a chemical
model of mucosal inflammation induced by oral admini
stration of 3% DSS was established in mice infected
with cercariae for 4 wk. Various indexes, including body
weight, DAI, colon length, histological observation and
HS, were used to assess the severity of acute colitis in
mice.
th
On the 7 day of DSS treatment, three mice from
the DSS group had died due to substantial weight
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loss (15.4%-19.3%). One of ten mice in the CER +
th
DSS group died on the 5 day due to collision with
the cage, and another died for unclear reasons before
th
DSS treatment. From the 5 day, the body weights of
mice in both the CER + DSS and DSS groups began
to decline, while those in the control and CER groups
th
remained stable. On the 7 day, the mice in the DSS
group presented a more significant weight loss than
those in the CER + DSS group (Figure 1A; P < 0.0001).
In addition, the DAI scores of the mice in the CER +
DSS group were lower than those in the DSS group
(Figure 1B, P = 0.005). Among the mice in the four
groups, the colon length was shortest in DSS mice and
shorter in CER + DSS mice (Figure 1C and D; P < 0.001
DSS vs control, P = 0.004 DSS vs CER + DSS). There
was no significant difference between control mice
and CER mice with regard to colon length. Although
evident colon hyperemia and edema were observed
in both colon tissues of DSS mice and CER + DSS
mice, reduced architecture loss, goblet damage and
inflammatory cell infiltration were observed in colon
tissues of CER + DSS mice compared to those of DSS
mice under a microscope (Figure 1E). No pathological
lesions were found in the control and CER groups.
According to blind assessments from three independent
experimenters, the HS of DSS mice was much larger
than that of CER + DSS mice (Figure 1F; P = 0.004).

expression levels of IL-2, IFN-γ, TNFα, IL-6, IL-10 and
IL-17a in CER + DSS mice were much lower than those
in DSS mice, especially for IL-6, IL-10 and IFN-γ (Figure
3A, P < 0.001 for IL-6, IL-10 and IFN-γ). However, there
were no significant differences between control and
CER mice. IL-4 was hardly detected in any samples.
Higher mRNA levels of IL-1β, IL-6, IL-10, IL-17a, IFN-γ,
TNFα and TGFβ were observed in colon tissues of
CER + DSS and DSS mice compared to control mice
(Figure 3B). Among the four groups, mice in the DSS
group displayed the highest expression of IL-6, while
mice in the CER + DSS group presented much lower
expression of IL-6 compared with that in mice of the
DSS group (Figure 3B; P < 0.001). Additionally, IL-10
and IFN-γ were lower in the CER+DSS group than in
the DSS group (Figure 3B; P < 0.001 for IL-10; P <
0.05 for IFN-γ). No significant difference was observed
between mice of the control group and CER group.

Expression of proteins involved in the NF-κB signaling
pathway and endoplasmic reticulum stress pathway in
inflamed colitis

The expression level of phosphorylated-p65 (P-p65) in
colon tissues of DSS mice was the highest among the
four groups (Figure 4A and B). Mice in the CER + DSS
group presented lower P-p65 expression than mice in
the DSS group (Figure 4A and B; P < 0.05). Consistent
with the P-p65 results, mice in the DSS group showed
much higher expression of phosphorylated-IkBα
(P-IkBα) compared with the control group (Figure 4A
and D; P < 0.05). The expression level of P-IkBα in CER
+ DSS mice was lower than that in mice of the DSS
group (Figure 4A and D). There were no differences
in expression levels of P-p65, P65, P-IkBα and IkBα
between mice of the control group and CER group.
For endoplasmic reticulum (ER) stress markers,
the expression levels of IRE1α, IRE1β and CHOP were
significantly higher in DSS mice than in control mice
as revealed by both Western blot (Figure 5A-D, P <
0.0001 for IRE1α and IRE1β, P < 0.01 for CHOP) and
RT-PCR (Supplementary Figure 1). Compared with
mice in the DSS group, mice in the CER + DSS group
presented much lower expression levels of IRE1α and
IRE1β (Figure 5A and B; P < 0.01; Figure 5A and C;
P < 0.05). Furthermore, there were clear differences
in the expression levels of GRP78 among the four
groups (Figure 5A and E; P = 0.0006 for 4 groups).
The expression levels of GRP78 and CHOP in mice of
the CER + DSS group were lower than those in mice of
the DSS group (Figure 5A, D and E). Mice in the control
group and CER group showed no difference in ER stress
markers.

Detection of inflammatory cell infiltration by
immunofluorescence

CD3 (indicates lymphocytes) and Ly6G (indicates
neutrophils) were detected to assess the infiltration
of inflammatory cells in colon tissues. CD3 and Ly6G
were both labeled red, and nuclei were stained with 4’,
6-diamidino-2-phenylindole (DAPI). CD3 positive cells
were more abundant in DSS mice than those in control
mice after merging CD3 with nuclei using ImagePro Plus (Figure 2A and B; P < 0.001). Mice in the
CER + DSS group presented fewer CD3 positive cells
compared to those of mice in the DSS group (Figure 2A
and B; P < 0.05). As for Ly6G, there were differences
among the four groups (Figure 2C; P = 0.019). The
number of Ly6G positive cells was larger in the DSS
group than that in mice of the CER+DSS group (Figure
2C). Nevertheless, mice in the control group and CER
group showed no difference in the abundance of CD3
positive cells and Ly6G positive cells.

Expression of inflammatory cytokines in serum samples
and colon tissues of treated mice

The expression levels of IL-2, IFN-γ and TNFα were
detected to assess the Th1 response in mice of each
group, and IL-4, IL-6 and IL-10 were examined
to evaluate the Th2 response. In addition, IL-17A
was tested to assess the Th17 response. CBA tests
indicated that the mice in the CER + DSS and DSS
groups showed higher levels of inflammatory cytokines
compared with control and CER mice (Figure 3). The
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Observation of cellular apoptosis in colon tissues

To estimate celluar apoptosis in colon tissues, TUNEL
and C-C3 positive cells were investigated. C-C3 and
TUNEL positive cells were labeled red and green,
respectively. Nuclei were stained with DAPI. There
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Figure 1 Treatment with S. japonicum cercariae results in reduced susceptibility to dextran sodium sulfate-induced colitis in mice. Mice were infected with
20 ± 2 S. japonicum cercariae percutaneously, and experimental colitis was induced by administration of 3% DSS at 4 wk post infection. A: Weight change in percent; B:
DAI based on weight change, stool characteristics and bleeding; C and D: Colon length; E: H and E staining was performed in colonic sections (original magnification,
× 200 and × 400); F: HS was scored as described in Materials and Methods. n = 6. The mice infected with S. japonicum cercariae presented longer colons, decreased
weight loss and lower DAI and HS after being induced with DSS compared to those without parasite infection. DSS: Dextran sodium sulfate treatment alone; CER +
DSS: Infection with S. japonicum before DSS treatment; CER: S. japonicum infection alone.
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Figure 2 Infection with S. japonicum decreases infiltration of inflammatory cells in colon tissues. A: Immunofluorescence staining of CD3 and Ly6G in the
colon sections; B and C: Respective quantification of CD3 and Ly6G positive cells. n = 3. DSS: Dextran sodium sulfate treatment alone; CER + DSS: Infection with S.
japonicum before DSS treatment; CER: S. japonicum infection alone.
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Figure 3 Administration of S. japonicum leads to lowered inflammatory cytokines in dextran sodium sulfate-induced colitis mice. A: The production of IL-2,
IL-6, IL-10, IL-17A, TNFα and IFN-γ in blood samples was detected by CBA and flow cytometry; B: IL-1β, IL-6, IL-10, IL-17a, IFN-γ, TNFα and TGFβ levels in colon
tissues were tested by RT-PCR. n = 3 or 4. Exposure to S. japonicum protected mice from DSS-induced colitis with down-regulation of the Th1/Th2/Th17 pathway.
DSS: Dextran sodium sulfate treatment alone; CER + DSS: Infection with S. japonicum before DSS treatment; CER: S. japonicum infection alone.

were significant difference in the numbers of C-C3
positive cells and TUNEL positive cells among the
mice of the four groups (Figure 6A-C, P = 0.015 for
the four groups). Mice of the DSS group presented a
dramatically larger number of C-C3 positive cells than
mice of the control group as well as the CER group
(Figure 6A and B). Large numbers of TUNEL positive
cells were observed in colon tissues of DSS mice (Figure
6A and C). There were fewer C-C3 positive cells and
TUNEL positive cells in CER+DSS mice compared with
DSS mice (Figure 6A-C). Hardly any difference in the
abundance of C-C3 positive cells and TUNEL positive
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cells was observed between mice in the control group
and CER group.
In addition, mice in the DSS group showed distinctly
lower Bcl-2 expression than mice in the control group
(Figure 6D and F; P < 0.0001). The expression level
of Bcl-2 was much higher in mice of the CER + DSS
group than in mice of the DSS group (Figure 6D and
F; P < 0.05). Additionally, there was a difference in
Bax levels among the four groups (Figure 6D and E; P
= 0.015 for 4 groups). Mice of the CER + DSS group
had much lower Bax expression than mice of the DSS
group (Figure 6D and E). Mice in the control group and
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and P65 in colon tissues was examined by Western blot; B and C: Respective quantification of P-P65 and P65; D and E: Respective quantification of P-IKBα and
IKBα. n = 3. DSS: Dextran sodium sulfate treatment alone; CER + DSS: Infection with S. japonicum before DSS treatment; CER: S. japonicum infection alone.
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Figure 5 Endoplasmic reticulum stress markers are downregulated in mice induced with dextran sodium sulfate after infection. A: The expression of IRE1α,
IRE1β, GRP78 and CHOP in colon tissues was examined by Western blot; B-E: Respective quantification of IRE1α, IRE1β, GRP78 and CHOP. n = 4. DSS: Dextran
sodium sulfate treatment alone; CER + DSS: Infection with S. japonicum before DSS treatment; CER: S. japonicum infection alone.
[23]

CER group displayed no difference in the expression
levels of Bcl-2 and Bax.

atherosclerosis, and some cancers . In the 1990s, the
“inflammatory bowel disease hygiene hypothesis” was
first proposed, which stated that children in extremely
hygienic environments that might impede the proper
maturation of their immune system were predisposed
[11]
to IBD later in life . According to epidemiological
investigations, helminth infection was suggested to
decrease the susceptibility to or prevent the develop
[11]
ment of IBD . Here, we investigated the effects of S.
japonicum infection on a DSS-induced colitis model,
and we found that S. japonicum infection reduced the

DISCUSSION
According to the “hygiene hypothesis”, which was
[22]
first proposed by Strachan
in 1958, early childhood
infections were associated with decreased atopy in
children. Although the concept began with allergic
disorders, it has been extended and is currently
related to autoimmunity, neuroinflammatory disorders,
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Figure 6 Apoptosis in colitic mice after infection with S. japonicum. A: Immunofluorescence staining of cleaved-caspase3 (C-C3) and TUNEL staining; B and C:
Respective quantification of C-C3 and TUNEL positive cells; D: Bax and Bal-2 were tested by Western blot; E and F: Respective quantification of Bax and Bal-2. n = 3.
DSS: Dextran sodium sulfate treatment alone; CER + DSS: Infection with S. japonicum before DSS treatment; CER: S. japonicum infection alone.

susceptibility to DSS and decreased the infiltration of
inflammatory cells, ER stress and the NF-κB pathway.
There were no significant differences in colon
length, weight loss, DAI and HS between the mice in
the control and CER groups. The colon length of mice
in the DSS group was not only shorter than that of
control mice but also shorter than that of mice in the
CER + DSS group. The weights of the mice in the DSS
th
group decreased significantly from the 5 day of DSS
treatment, while the mice in the CER + DSS group
th
showed a slower decrease from the 6 day of DSS
treatment. Both DAI and HS were highest in the DSS
group mice and were significantly higher than those
of mice infected with S. japonicum cercariae prior to
DSS treatment (CER + DSS mice). In addition, less
lymphocyte and neutrophil infiltration was observed
in colon tissues of CER + DSS mice compared with
DSS mice. All results indicated that exposure to S.
japonicum contributed to preventing the development
of colitis induced with DSS.
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Although the mechanism underlying IBD is com
plicated, the influence of Schistosoma or its molecules
on animal colitis was predominantly suggested to be
related to the balance between Th1 response and Th2
[12,14,24,25]
[12]
response
. Research by Elliott et al illustrated
that infection with eggs of S. mansoni attenuated
TNBS-induced colitis by reducing Th1 response and
increasing Th2 response. However, DSS-induced colitis
mice presented diminished expression levels of TNFα,
IL-2 and IL-4 mRNA after exposure to S. mansoni
[14]
larvae . Recombinant cystatin from S. japonicum
showed a therapeutic effect on mice with TNBS-induced
colitis by suppressing IFN-γ and IL-17a and enhancing
[24]
[25]
IL-4 and IL-13 . In addition, Ruyssers et al
reported augmented IL-10 mRNA expression and
diminished IFN-γ mRNA and IL-17 mRNA expression.
In our study, compared with DSS mice, significant
decreases in IL-6, IL-2, IL-10, IL-17, IFN-γ and TNFα
were observed in CER + DSS mice as revealed by
the CBA technique, which are consistent with the
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diminished levels of inflammatory cytokines and
transcription factors detected by RT-PCR, especially for
IL-10, IL-6 and IFN-γ. In other words, we observed that
S. japonicum infection ameliorated DSS-induced colitis
with decreased Th1, Th2 and Th17 responses. Thus,
we hypothesize that the Th1/Th2/Th17 pathway may
not be the dominant mediator during colitis following
exposure to S. japonicum. Additionally, these results
might be caused by the different time points we chose
to induce colitis, diverse infection methods, disparate
animal models and other factors compared to those of
[12]
[26]
other studies. For example, Elliott et al and Xia et al
[14]
adopted TNBS-induced colitis and Bodammer et al
used S. mansoni larvae to infect mice.
[27]
Oh et al
identified an important effect of NF-κB
in regulating differentiation and maturation of Th cells.
Furthermore, connections between the NF-κB pathway
[28,29]
and IBD have been reported in previous studies
.
In our previous study, CARD3 deficiency alleviated the
infiltration of inflammatory cells and cellular apoptosis
during DSS-induced colitis followed by decreased NF[21]
κB activation . Hence, we examined the protein levels
of P65, P-P65, IkBα and P-IkBα in colon tissues of mice.
The results showed high expression of P-P65 and P-IkBα
in DSS mice. Consistent with the cytokine results of
serum samples and colon tissues, CER + DSS mice
displayed lower P-P65 and P-IkBα levels compared to
DSS mice. It was reported that NF-κB was essential for
[27]
the production of IL-2 , and the absence of P65 could
[30]
impair IFN-γ production in Th1 cells . Additionally, NFκB activation played an important role in regulating
the expression of the GATA3 and RORγt genes, which
are transcription factors of Th2 cells and Th17 cells,
[31,32]
respectively
. Thus, the attenuation of the DSSinduced colitis in mice via exposure to S. japonicum as
well as the change in cytokines related to Th1, Th2 and
Th17 responses was probably due NF-κB activation.
ER stress participates in many inflammatory dis
eases, such as CD and T2DM, and has shown great
potential in regulating inflammatory responses through
[33,34]
the unfolded protein response (UPR) pathway
.
Increased expression of ER stress markers was ob
served in ileal and/or colonic epithelial tissues of active
[34,35]
[36]
IBD patients
. Adolph et al
also demonstrated
spontaneous transmural ileitis similar to CD accompanied
by activated IRE1α in intestinal epithelial cells of mice
with Xbp1 and Atg1611 deletions. However, addition
of ER stress inhibitors, such as tauroursodeoxycholate
and 4-phenylbutyrate, mitigated intestinal inflammation
ΔARE
-/[37]
in IL-10 and Tnf
mice induced with DSS . In
addition, taurine supplement attenuated hepatic
granuloma and fibrosis in S. japonicum-infected mice,
[38]
with a significant decrease in ER stress . In our study,
the expression levels of IRE1α, IRE1β, GRP78 and
CHOP and their coding genes were notably highest
in DSS mice among the four groups. Although the
expression levels of these molecules were still higher
in CER + DSS mice compared with those in control
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mice, they were much lower than those in DSS mice.
Coupling of the UPR in cells triggered inflammation
and played an important role in the pathogenesis of
[39]
inflammatory diseases . Additionally, IRE1α activation
by binding with TNFα receptor-associated factor 2
(TRAF2) may affect TRAF2 and subsequently activate
[40,41]
the NF-κB pathway
. Inflammation induced by
Brucella abortus accompanied by high expression levels
of IL-6 and ER stress in an NOD1/NOD2-dependent
[42]
manner was suppressed by IRE1α kinase inhibitor .
Hence, we hypothesized that the decrease in NF-κB
activation detected in the CER + DSS group might be
influenced by ER stress. Two hypotheses were proposed
here: first, the damage in enterocytes caused by DSS
treatment triggered inflammation and ER stress/UPR,
and UPR probably aggravated inflammation via the
NF-κB pathway simultaneously; second, S. japonicum
infection regulated the activation of ER stress or UPR
directly.
Moreover, colon inflammation was reported to lead
to dysfunction in epithelial barrier and apoptosis of
[43]
intestinal epithelial cells . In this study, we tested the
expression of C-C3, TUNEL, Bcl-2 and Bax to assess
the apoptosis in colon tissues of the treated mice.
DSS mice showed more C-C3 positive cells and TUNEL
positive cells compared with control mice. However,
fewer C-C3 positive cells and TUNEL positive cells were
observed in CER + DSS mice than in DSS mice. DSS
mice displayed the highest expression level of Bax
and the lowest expression level of Bcl-2 among the
mice in the four groups. CER + DSS mice exhibited
significantly lower Bax levels and higher Bcl-2 levels
than DSS mice. On one hand, this remissive apoptosis
in colon tissues might be caused by the attenuation of
colon inflammation in DSS-induced colitis mice infected
[44]
with S. japonicum. On the other hand, Chen et al
showed that activation of the NF-κB signaling pathway
enhanced the apoptosis of dental epithelial cells in
vitro; thus, the high apoptosis level in DSS-treated
intestinal cells might be affected by the strong response
of NF-κB, which is consistent with our previous research
showing that diminished NF-κB activation accompanied
by decreased apoptosis in colon tissues, especially
-/enterocytes in CARD3 mice induced with DSS.
Additionally, ER stress also exhibited a connection
with apoptosis through multiple mechanisms. Wang et
[45]
al
found that overexpression of IRE1 could promote
apoptosis of HEK193 human embryonic kidney cells.
Under ER stress, IRE1α could not only prevent cell
apoptosis caused by sustained ER stress via activation
[36]
of Xbp1
but also promote mitochondrion-dependent
cell death by binding to Bax on the outer membrane of
[46,47]
mitochondria
. When IRE1 associates with TRAF2
and Aask1 to form the IRE1-TRAF2-ASK1 complex,
it can play a pro-apoptotic role by enhancing the JNK
pathway. Additionally, enhanced expression of CHOP
might lead to apoptosis by reducing expression of Bcl-2,
decreasing endocellular glutathione and increasing
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[48]

generation of reactive oxygen intermediates . By
forming a dimer with cAMP response element binding
protein, CHOP could also promote apoptosis by
inhibiting the expression of Bcl-2 and enhancing the
[49]
mitochondria sensitivity to pro-apoptotic factors .
Thus, we propose that the less severe apoptosis in CER
+ DSS mice was associated with a lower level of ER
stress in contrast to DSS mice.
In conclusion, exposure to S. japonicum cercariae
can prevent inflammation progression and apoptosis
in colon tissues of DSS-induced experimental colitis.
In addition to the Th1/Th2/Th17 pathway and NF-κB
pathway, ER stress was also shown to be involved in
attenuating the inflammatory response by parasite
infection in DSS-induced colitis. Further investigations
are needed to determine the exact mechanism of
its action for further development as a therapeutic
strategy for IBD treatment.

Authors demonstrated down-regulated expression of cytokines and transcriptional
factors such as IL-6, IL-10 and IFN-γ as well as phosphorylated-P65 and ER
stress-related proteins after exposure to S. japonicum in DSS-induced colitis
mice. Besides, ER stress probably contributed to the cellular apoptosis in colon
tissues during S. japonicum infection in colitis mice.
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Abstract
AIM
To develop a reliable and simple method to identify
important biological metabolites and relevant pathways
for taurine in hepatic stellate cells (HSCs), in order to
provide more data for taurine therapy.
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METHODS
All the biological samples were analyzed by using highperformance liquid chromatography-time electrospray
ionization/quadrupole-time of flight mass spectrometry.
Principal component analysis and partial least squares
discriminant analysis were used to identify statistically
different metabolites for taurine in HSCs, and meta
bolomic pathway analysis was used to do pathway
analysis for taurine in HSCs. The chemical structure of
the related metabolites and pathways was identified by
comparing the m/z ratio and ion mode with the data
obtained from free online databases.
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RESULTS
A total of 32 signiﬁcant differential endogenous
metabolites were identified, which may be related to
the mechanism of action of taurine in HSCs. Among
the seven relevant pathways identified, sphingolipid
metabolism pathway, glutathione metabolism pathway
and thiamine metabolism pathway were found to be
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Deng X et al . Metabolomic profiling of taurine in HSCs
can provide biochemical signatures for globally track
ing the physiological effects and exploring the drug
[4-6]
[7]
effects . A previous study systematically analyzed
the protective effects of traditional Chinese medicine
Hongshan Capsules, and identified the potential target
biomarkers through the metabonomic approach of ultraperformance liquid chromatography coupled to mass
spectrometry. Therefore, metabolomics methods can
be used to identify biomarkers for clinical drug therapy,
[8,9]
especially in cancer research .
Taurine, a beta-amino acid with a simple structure
that is extracted from animal tissue, has been in
vestigated as a promising drug for the treatment of
[10-13]
many hepatic injuries
. In previous studies, taurine
was showed to significantly increase the apoptosis
of HSCs and raise the levels of 19 proteins related to
[14,15]
cellular apoptosis or oxidation in HSCs
. However,
the exact metabolic pathways and molecules involved
in the mechanisms of action of taurine are still un
known. Therefore, this study aimed at developing a
reliable and simple method to find important biological
metabolites and pathways that are related to taurine
in HSCs, in order to provide more data for taurine
therapy.

the most important metabolic pathways for taurine in
HSCs.
CONCLUSION
This study showed that there were distinct changes
in biological metabolites of taurine in HSCs and three
differential metabolic pathways including sphingolipid
pathway, glutathione pathway and thiamine metabolism
pathway might be of key importance in mediating the
mechanism of action of taurine in HSCs.
Key words: Natural taurine; Hepatic stellate cells;
Pathway; high performance liquid chromatographytime electrospray ionization/quadrupole-time of flight
mass spectrometry; Metabolomics
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: At the cellular level, it is reported that the
activation of hepatic stellate cells (HSCs) in the sub
endothelial space may result in hepatic fibrosis.
Although taurine was found to increase HSC apoptosis
significantly, its molecular mechanisms are still
unknown. This study developed a reliable and simple
method to identify important biological metabolites
and relevant pathways for taurine in HSCs, in order to
provide more data for taurine therapy. We found that
there were distinct changes in the biological metabolites
of taurine in HSCs, and identified three differential
metabolic pathways that might be of key importance in
mediating the mechanism of action of taurine in HSCs.

MATERIALS AND METHODS
Cell culture and cell viability assay

Human HSCs (LX-2) were obtained from Xiangya
Central Experiment Laboratory of Central South
University (Changsha, China) and were incubated in
DMEM (Thermo Scientific Hyclone, Logan, UT, United
States) containing 100 U/mL penicillin (North China
Pharmaceutical, China), 100 μg/mL streptomycin
(North China Pharmaceutical, China) and 10% fetal
bovine serum (Biochrom AG, Berlin, Germany) at
room temperature in an incubator with 50 mL/L CO2
and saturated humidity. The culture medium was
replaced every two days. Trypsin (0.25%) was added
for digestion when the confluence of HSCs reached
80%-90% and the supernatant was discarded after
centrifugation at 1000 r/min for 5 min. Then, the cells
5
were resuspended to a density of 5 × 10 /mL.
MTT method was used to determine the optimum
drug concentration of taurine for the subsequent
study. Briefly, HSCs were added into a 96-well plate
4
at a density of 5 × 10 cells per well. Natural taurine
(Yuanlong Pearl Co. Ltd., Beihai, China) was dissolved
in dimethyl sulphoxide (DMSO) at a concentration of 8
mol/L, and then diluted with 2% DMEM to 10, 20, 40,
60, 80 and 100 mmol/L. Six replicates were applied for
each concentration of taurine and the whole reaction
system was maintained for 48 h. Cells treated with
DMSO alone were used as controls. Subsequently, 10 μL
of MTT solution (5 mg/mL in PBS) was added and the
cells were further incubated for 4 h at 37 ℃. Then,
the reaction was terminated by the addition of 100 μL
DMSO and absorbance was measured at 495 nm using

Deng X, Liang XQ, Lu FG, Zhao XF, Fu L, Liang J. Metabolomic
profiling for identification of metabolites and relevant pathways
for taurine in hepatic stellate cells. World J Gastroenterol 2017;
23(31): 5713-5721 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i31/5713.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i31.5713

INTRODUCTION
Hepatic fibrosis (HF) is a scarring process in which the
liver forms scar tissue due to an abnormal deposition
[1]
of extracellular matrix (ECM) . Recently, more
and more attention has been paid to the molecular
mechanisms of hepatic fibrosis. At the cellular level,
it is reported that the activation of hepatic stellate
cells (HSCs) in the subendothelial space may result in
[2]
hepatic fibrosis . Moreover, reversal or apoptosis of
activated HSCs has been proven to be beneficial for
[3]
the treatment or regression of hepatic fibrosis .
Metabolomics methods can be used to characterize
the metabolic proﬁles of a biological system. As
metabolites with relatively low molecular weight are
downstream products of biological processes, their
identity and concentrations in a living biological system
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4 μl; flow rate, 0.35 ml/min; column temperature,
40 ℃. The mobile phase was composed of (A) 0.1%
formic acid water solution and (B) 0.1% formic acid
acetonitrile solution. The gradient elution program (Table
1) was linearly increased from 5% to 20% B (0-6 min),
stable at 50% B (6-8 min), linearly increased to 95%
B (8-12 min) and maintained for 3 min. The quality
control (QC) was prepared and injected before the
injection of test samples.
+
Both ESI and ESI ionization modes were used to
find the potential specific metabolites of taurine in HSCs.
The ionization mode was set at a capillary voltage of 4.0
+
+
kV (ESI ) or 3.5 kV (ESI ), cone voltage of 35V (ESI )
and 50V (ESI ), source temperature of 100 ℃, cone gas
ﬂow of 50 L/h, desolvation gas ﬂow, desolvation gas
ﬂow of 600 L/h, and desolvation gas temperature of
350 ℃. Data were collected in the centroid mode with
the mass range (m/z) of 50-1000, scan time of 0.03 s
and inter-scan delay of 0.02 s. To lock the mass system,
+
100 pg/μL leucine-enkephalin (m/z 556.2771 in ESI
mode or m/z 554.2615 in ESI mode) at 0.05 mL/min
with the frequency of 10 s was used.

Table 1 Gradient elution program of the mobile phase
Time (min)

Flow rate (ml/min)

Solution B (%)

0.35
0.35
0.35
0.35
0.35
0.35

5
5
20
50
95
95

0
1
6
9
13
15

a microplate reader (Molecular Devices, United States).
Based on the results, the concentration of 40 mmol/L
was chosen as the optimum drug concentration of
taurine for the following study.

Sample preparation

For the following metabolomic study, HSCs were
incubated in 10-cm culture dishes until approximately
70% conﬂuence and then treated with celastrol and
other control drugs for 12 h. Each dish was washed
twice at 37 ℃ with PBS after removing the culture
medium, and dried in the vacuum. Then, the cells were
quenched by adding 1.5 mL HPLC-grade methanol
at -80 ℃ and were separated from the culture dish
with a cell lifter (Fisher Scientiﬁc, United States). The
cell solution was subsequently transferred to a 2 mL
centrifuge tube and frozen in liquid nitrogen until liquidliquid extraction. Six replicates were applied for 40
μmol/L of natural taurine for 48 h as the test group
and the same concentration of DMSO was used as
the control group. To avoid cell cytotoxicity, the final
concentration of DMSO must be less than 0.1% for both
the taurine group and the control group. Additionally,
ﬁve parallel blank culture dishes were trypsinized and
counted for the normalizing the subsequent analysis.
After incubation, the culture medium was removed
generally and the residual medium was removed by
using 2 mL 0.9% [w/v] ice-cold isotonic saline (NaCl)
to arrest cellular metabolism. Subsequently, the cells
were added with 1 mL cold methanol/water (4:1) to
quench cells and then collected in 2 mL centrifuge
tubes. Then, the cells were ultrasonicated for 5 min
(5 s ultrasonication at a 10-s interval) in an ice bath
and centrifuged at 13000 g for 10 min at 4 ℃. Finally,
the supernatant was dried with nitrogen and stored at
-80 ℃ before detection.

Data processing and statistical analysis

After excluding the noise and background interference,
+
raw mass spectral data of both ESI and ESI modes
were analyzed by using Mass Profiler (Agilent Tech
nologies, United States) to generate data, including
retention time, signal intensity and m/z ratio for peak
identiﬁcation. Subsequently, SIMCA-P 13.0 software
(Umetric AB, CA, United States) was applied to do
principal component analysis (PCA) to distinguish
different scatters of the biological metabolites for
taurine in HSCs, partial least squares discriminant
analysis (PLS-DA) to find statistically different meta
bolites. Variable importance in the projection (VIP)
plots (VIP > 1) of the PLS-DA was used to find the
exact potential biomarkers. Finally, the structure of the
related metabolites and pathways was identified by
comparing the m/z ratio and ion mode with the data
obtained from free online databases including Human
Metabolome Database (HMDB) (www.hmdb.ca), Metlin
metabolomics database (http://metlin.scripps.edu/)
and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway database (www.genome.jp/kegg/pathway.
[16]
html). MetPA network software
(http://metpa.
metabolomics.ca/Met PA/faces/Home.jsp) was used to
do pathway analysis for taurine in HSCs.

Chromatography and spectrometry conditions

Samples were resolved with acetonitrile/water (1:1,
v/v) mixture according to the cell number counted
in advance and detected by high performance liquid
chromatography-electrosprayionization/quadrupoletime-of-flight mass spectrometry (HPLC ESI/Q-TOF
MS) (Agilent Technologies, United States). All the
samples were separated on an Agilent C18 column (2.1
mm × 100 mm, 1.8 μm, Agilent Technologies, United
States) with the following parameters: injection volume,
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RESULTS
Total ion current spectra of taurine in HSCs

In the current study, all the biological metabolites of
taurine in HSCs were detected by HPLC-ESI/Q-TOFMS,
which might provide useful information for unveiling
the underlying molecular mechanisms of taurine in
HSCs. The total ion current spectra of the samples
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Figure 1 Principal component analysis plots of biological metabolites for taurine in hepatic stellate cells in electrosprayionization + mode (a) and in
electrosprayionization- mode (b). HSCs: Hepatic stellate cells; ESI: Electrosprayionization.

between the control and taurine-treated HSCs differed
greatly, suggesting that there might be some metabolic
changes for taurine in HSCs.

three significant metabolic pathways (sphingolipid
metabolism, glutathione metabolism and thiamine
metabolism) were found to be the most important
metabolic pathways for taurine in HSCs (Table 3 and
Figure 3).

PCA

PCA statistically divided all the detected metabolites
into smaller clusters as principal components (PCs)
to find the potential biomarkers. In this study, all the
samples were classified into two small clusters between
the control and taurine-treated cells in the PCA score
plots (Figure 1), demonstrating that there were
significant metabolic differences between the control
and taurine-treated HSCs.

DISCUSSION
In this study, a simple chromatography method coupled
with pathway analysis by using high-performance
liquid chromatography-time electrospray ionization/
quadrupole-time of flight mass spectrometry (HPLCESI/Q-TOF-MS) was successfully performed for
analyzing the mechanism of taurine in HSCs. A total
of 32 signiﬁcant differential endogenous metabolites
were identified. Among the seven relevant pathways
for taurine, sphingolipid metabolism pathway (Figure
4), glutathione metabolism pathway (Figure 5) and
thiamine metabolism pathway were found to be the
most important metabolic pathways for taurine in HSCs.
The sphingolipid metabolism pathway contributes
greatly to structural functions and cellular signaling.
For example, membrane sphingolipids can regulate cell
[17-19]
proliferation, differentiation and death
. Increasing
evidence shows that sphingolipids are important in
stress and ligand-induced hepatocellular death, which
can cause several liver diseases like steatohepatitis,
ischaemia-reperfusion hepatic damage or hepatic
[20]
cancer . Additionally, increased levels of sphingolipids
in specific cell subcompartments can cause liver
dysfunctions and some inherited diseases. Tumour
necrosis factor (TNF) is an important death receptor,
and abnormal expression of TNF can cause many liver
[21]
diseases . Thus, TNF becomes an important target
for liver disease. In this study, taurine was found to be
able to regulate sphingolipid metabolism. Therefore,
we hypothesize that taurine might be able to intervene
the activation of HSCs and regulate TNF expression.

PLS-DA

Then, the potential important metabolites were
further analyzed by using PLS-DA. Consistent with the
results of PCA, PLS-DA plots showed two clear groups
between the control and taurine-treated cells (Figure
+
2). Moreover, a total of 27 metabolites in ESI mode
and five metabolites in ESI mode were found to be
the significant metabolites between the control and
taurine-treated cells (VIP > 1) (p < 0.05) (Table 2).

Structure identifications and pathway identification

The definite identity of the significant metabolites in
the biological samples and their contributions to the
biological processes are important for the current
metabolomics study. Therefore, the structure of the
related metabolites and pathways was identified by
comparing the m/z ratio and ion mode with the data
obtained from on-line free databases including HMDB
(www.hmdb.ca), Metlin metabolomics database (http://
metlin.scripps.edu/) and KEGG pathway database
(www.genome.jp/kegg/pathway.html).
Additionally, 16 potential metabolic pathways
were analyzed by MetPA network software and
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Figure 2 Partial least square discriminant analysis and validation of biological metabolites for taurine in hepatic stellate cells in electrosprayionization+
mode and in electrosprayionization- mode. a: Partial least square discriminant analysis (PLS-DA) plots of biological metabolites for taurine in hepatic stellate cells
(HSCs) in ESI+ mode; b: PLS-DA plots of biological metabolites for taurine in HSCs in ESI- mode; c: Validation of biological metabolites for taurine in HSCs in ESI+
mode; d: Validation of biological metabolites for taurine in HSCs in ESI- mode. ESI: electrosprayionization; HSCs: Hepatic stellate cells.
8

a

in the HSCs needs further investigation.
Besides, lysophosphatidylcholine (LysoPC) can
affect HSCs through several mechanisms. First, LysoPC
can inhibit proliferation of endothelial cells and increase
their apoptosis, thereby affecting the molecular
structure of the endothelium and the proliferation of
[22,23]
vascular smooth muscle cells
. Second, LysoPC can
downregulate endothelium-derived NO and activate
the LOX-1 receptor to desensitize eNOS, thus causing
[24]
endothelial dysfunction . Furthermore, activation
of HSCs can lead to increased expression of genes
relevant to lipid accumulation and increased levels of
intracellular lipids. In this study, LysoPC was found
as the significantly different metabolite between the
control and taurine-treated groups. LysoPC is an
important plasma lipid cell signaling molecule for LDL
oxidization and can be generated by phospholipase A2
[25]
hydrolysis or phosphatidylcholine (PC) oxidation .
Thus, we hypothesize that the interventional effect of
taurine on HSCs is related with lipid metabolism. This

7
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Figure 3 Potential pathways for taurine in hepatic stellate cells identified
by using MetPA pathway analysis. aSphingolipid metabolism pathway;
b
Glutathione metabolism pathway; cThiamine metabolism pathway.

However, the exact mechanism of the action of taurine
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Table 2 Potential important biological metabolites in ESI and ESI modes for taurine in hepatic stellate cells
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Mode

VIP

RT (min)

m/z ratio

Compound name

Fold change (B/A)

P value

ESI+
ESI+
ESI+
ESI+
ESI+
ESI+
ESI+
ESI+
ESI+
ESI+
ESI+
ESI+
ESI+
ESI+
ESI+
ESI+
ESI+
ESI+
ESI+
ESI+
ESI+
ESI+
ESI+
ESI+
ESI+
ESI+
ESI+
ESIESIESIESIESI-

1.312
1.973
1.326
1.316
1.644
1.329
1.570
1.706
1.484
1.590
1.268
1.565
1.601
1.483
1.495
1.557
1.245
1.312
1.469
1.595
1.284
2.021
1.290
1.443
1.394
1.430
1.818
2.017
1.678
2.076
1.648
1.448

11.16
14.02
7.51
3.89
8.87
0.74
13.27
11.46
11.01
1.09
6.03
4.59
11.01
1.01
12.63
12.15
10.48
13.05
10.13
11.24
11.30
8.93
0.65
9.90
11.60
12.34
0.80
1.13
11.11
11.46
0.69
9.25

495.3338
148.0160
215.1890
231.1475
273.2679
161.1047
375.3125
399.3362
199.1943
307.0848
259.1792
282.1684
569.3486
175.0482
369.3254
369.3254
371.3045
281.2728
212.1417
479.3025
521.3494
317.2939
202.2163
301.2992
299.2835
427.3675
117.0791
192.0270
453.2859
479.3016
264.1045
250.1204

PC (16:0)
2-oxo-4-methylthiobutanoic acid
Amino-dodecanoic acid
Butyryl-L-carnitine
C16 Sphinganine
Carnitine
Docosatetraenoyl Ethanolamide
Palmitoylcarnitine
Dodecanamide
Glutathione
Hexanoylcarnitine
Hydroxydesipramine
LysoPC(22:5)
N-acetylaspartate
N-palmitoyl isoleucine
N-palmitoyl isoleucine
N-stearoyl serine
Oleamide
Oxo-dodecenoic acid
PC (15:1)/PE (18:1)
PC (18:1)
Phytosphingosine
Spermine
Sphinganine
Sphingosine
Stearoylcarnitine
Valine
Citric acid
Glycerophospho-N-Palmitoyl Ethanolamine
PC (15:1)
Thiamine
Ubiquinone-1

-0.758↓
-3.094↓
1.249↑
-1.711↓
-0.837↓
2.324↑
2.200↑
-1.419
1.521↑
-1.372↓
-1.216↓
2.210↑↓
17.551↑
-1.160↓
1.375↑
2.683↑
-1.027↓
-0.852↓
1.750↑
-1.141↓
-0.727↓
-1.274↓
-0.874↓
-0.807↓
-0.949↓
-1.006↓
-0.681↓
-0.870↓
-1.125↓
-1.697↓
0.394↑
1.538↑

0.037
0.001
0.043
0.041
0.034
0.049
0.017
0.005
0.022
0.019
0.046
0.013
0.048
0.018
0.017
0.039
0.048
0.036
0.019
0.018
0.048
0.001
0.039
0.040
0.026
0.026
0.037
0.001
0.011
0.000
0.040
0.031

Comparisons were done by two-sample t-test. A total of 27 metabolites in ESI+ mode and 5 metabolites in ESI- mode were found to be the significant
metabolites between the control and taurine-treated cells (VIP > 1) (p < 0.05). PC: Phosphatidylcholine; VIP: Variable importance in the projection; (↑): Upregulated; (↓): Down-regulated.

Table 3 Results of MetPA pathway analysis
Pathway name
Glutathione metabolism
Sphingolipid metabolism
Thiamine metabolism
Citrate cycle (TCA cycle)
Valine, leucine and isoleucine biosynthesis
Cysteine and methionine metabolism
Glyoxylate and dicarboxylate metabolism
Glycerophospholipid metabolism

1

Compounds

2

Expected

38
25
24
20
27
56
50
39

0.23681
0.1558
0.14956
0.12464
0.16826
0.34898
0.31159
0.24304

Hits

Raw p

2
3
1
1
1
2
1
1

0.022
0.000
0.140
0.118
0.156
0.046
0.271
0.218

3

FDR p
0.896
0.033
1
1
1
1
1
1

4

Impact
0.272
0.231
0.125
0.063
0.013
0.009
0.003
0.003

1

the total number of metabolites in each pathway; 2the actually matched number according to the uploaded data; 3the original p-value using enrichment
analysis; 4the adjusted p-value using false discovery rate. The table shows the detailed results from the pathway analysis. Since we tested many pathways
at the same time, the p-values from enrichment analysis are further adjusted for multiple tests. In particular, the Hits is the actually matched number from
the user uploaded data; the Raw P is the original P-value calculated from the enrichment analysis; the FDR P is the P-value adjusted using false discovery
rate; the Impact is the pathway impact value calculated from pathway topology analysis. Sixteen potential metabolic pathways were analyzed by MetPA
network software and three significant metabolic pathways (Sphingolipid metabolism, glutathione metabolism and thiamine metabolism) were found to be
the most important metabolic pathways for taurine in HSCs; HSCs: Hepatic stellate cells.

was consistent with the finding of a previous study
which showed that taurine can obviously decrease
[26]
LDL-C level .
Moreover, amino-dodecanoic acid, 2-oxo-4-methyl
thiobutanoic acid, oxo-dodecenoic acid, valine, citric
acid, thiamine, and N-acetylaspartate were also
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identified in the current study. It is therefore proposed
that taurine may intervene HSCs through the valine,
leucine and isoleucine biosynthesis pathway, cysteine
and methionine metabolism pathway, citrate cycle
(TCA cycle) pathway, alanine, aspartate and glutamate
metabolism pathway, lysine degradation pathway, glyo
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Figure 4 Sphingolipid metabolism pathway.
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Figure 5 Glutathione metabolism pathway.

xylate and dicarboxylate metabolism pathway, arginine
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and proline metabolism pathway and aminoacyl-tRNA
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Figure 6 Thiamine metabolism pathway.
a biological system. Since metabolites with relatively low molecular weight are
downstream products of biological processes, their identity and concentrations
in a living biological system can provide biochemical signatures for globally
tracking the physiological effects and exploring the drug effects. Therefore,
metabolomics methods can be used to identify biomarkers for clinical drug
therapy, especially in cancer research.

biosynthesis pathway.
This study has several limitations. Validation of this
current chromatography method using targeted meta
bolomics and application of this current chromatography
method on other cell lines or in vivo models need to be
studied in the future. In addition, dose-dependence of
taurine should be clarified in the future.
To conclude, this study has found that there were
distinct changes in the biological metabolites of taurine
in HSCs by using HPLC-ESI/Q-TOF-MS. A total of 32
signiﬁcant differential endogenous metabolites and 3
differential metabolic pathways including sphingolipid
pathway, glutathione pathway and thiamine metabolism
pathway (Figure 6) were identified, which might be of
key importance in mediating the mechanism of action
of taurine in HSCs.

Innovations and breakthroughs

In this study, a simple chromatography method coupled with pathway analysis
by using high-performance liquid chromatography-time electrospray ionization/
quadrupole-time of flight mass spectrometry was successfully performed for
analyzing the mechanism of action of taurine in HSCs. A total of 32 signiﬁcantly
differential endogenous metabolites were identified, which may mediate the
mechanism of action of taurine in HSCs. Among the seven relevant pathways
identified for taurine, sphingolipid metabolism pathway, glutathione metabolism
pathway and thiamine metabolism pathway were found to be the most important
metabolic pathways for taurine in HSCs.

Applications

Taurine, a beta-amino acid with a simple structure that is extracted from animal
tissue, has been investigated as a promising drug for the treatment of many
hepatic injuries. In previous studies, taurine was found to significantly increase
the apoptosis of HSCs and raise the concentrations of 19 proteins related to
cellular apoptosis or oxidation in HSCs. However, the exact metabolic pathways
and molecular mechanisms for taurine are still unknown. Therefore, this
study aimed at developing a reliable and simple method to identify important
biological metabolites and relevant pathways for taurine in HSCs, in order to
provide more data for taurine therapy.
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Abstract

Institutional review board statement: All experiments were
reviewed and approved by the Institute Ethnics Committee
of Shihezi University and the methods were carried out in
accordance with the Animal Management Rules of the Chinese
Ministry of Health.

AIM
To investigate the protective effects of Foeniculum
vulgare root bark (FVRB), a traditional Uyghur medicine,
against carbon tetrachloride (CCl4)-induced hepatic
fibrosis in mice.

Institutional animal care and use committee statement:
The protocol on animal use was approved by the Institute Ethnics
Committee of Shihezi University.

METHODS
Mice were randomly divided into eight groups (n = 20
each). Except for the normal control group, mice in the
rest groups were intraperitoneally injected (i.p.) with
0.1% CCl4-olive oil mixture at 10 mL/kg twice a week
to induce liver fibrosis. After 4 wk, mice were treated
concurrently with the 70% ethanol extract of FVRB
(88, 176, 352 and 704 mg/kg, respectively) daily by
oral gavage for 4 wk to evaluate its protective effects.
Serum aspartate aminotransferase (AST), alanine
aminotransferase (ALT), triglyceride (TG), hexadecenoic
acid (HA), laminin (LN), glutathione (GSH), superoxide
dismutase (SOD), and malondialdehyde (MDA) in liver
tissues were measured. Hematoxylin-eosin (H and
E) staining and Masson trichrome (MT) staining were
performed to assess histopathological changes in the
liver. The expression of transforming growth factor
β 1 (TGF-β 1), matrix metalloprotein 9 (MMP-9) and
metallopeptidase inhibitor 1 (TIMP-1) was detected by
immunohistochemical analysis. Additionally, TGF-β1 and
alpha-smooth muscle actin (α-SMA) protein expression
was measured by Western blot.
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RESULTS
A significant reduction in serum levels of AST, ALT, TG,
HA and LN was observed in the FVRB-treated groups,
suggesting that FVRB displayed hepatoprotective
effects. Also, the depletion of GSH, SOD, and MDA
accumulation in liver tissues was suppressed by FVRB.
The expression of TGF-β1, MMP-9 and TIMP-1 deter
mined by immunohistochemistry was markedly reduced
in a dose-dependent manner by FVRB treatment.
Furthermore, protective effects of FVRB against CCl4induced liver injury were confirmed by histopathological
studies. Protein expression of TGF-β 1 and α-SMA
detected by Western blot was decreased by FVRB
treatment.

of hepatic stellate cells (HSCs) plays an important
[2,3]
role in the progress of hepatic fibrosis . Activation
of HSCs increases cell proliferation, producing large
amounts of ECM components including hexadecenoic
[4,5]
acid (HA) and laminin (LN) . In addition, aberrant
activity of transforming growth factor β1 (TGF-β1) or
members of the platelet derived growth factor family
are also the most prominent drivers to activate and
[6,7]
transdifferent HSCs into myofibroblast . Further,
several chemokines that modulate the inflammatory
reaction are involved in the progression of HSC
[8,9]
activation and the fibrotic insult . Many studies have
demonstrated that the reversion of fibrosis can be
achieved, particularly in the early course of the disease.
Currently, treatment of liver damage mainly consists of
inhibiting early activation and proliferation of HSCs and
collagen fiber growth, and promoting HSC apoptosis
and collagen degradation.
Many studies indicated that Foeniculum vulgare root
bark (FVRB), a traditional Uyghur medicine, contains
many chemical constituents, such as saccharides,
glycosides, lactone compounds, phenols, tannins,
flavonoids, alkaloids, volatile oil, grease, triterpenes and
[10,11]
sterols
. In addition, FVRB has been traditionally
used for the treatment of several pathophysiological
conditions in China, exhibiting the activity of dispelling
coldness, warming kidney and stomach, removing
[12-15]
dampness, and alleviating swelling and pain
.
For the first time, the present study was aimed to
investigate the protective effects of FVRB against CCl4induced liver injury in vivo and the possible mecha
nisms involved.

CONCLUSION
Our results indicate that FVRB may be a promising agent
against hepatic fibrosis and its possible mechanisms
are inhibiting lipid peroxidation and reducing collagen
formation in liver tissue of liver fibrosis mice.
Key words: Hepatic fibrosis; Foeniculum vulgare root
bark; Histopathology; Carbon tetrachloride; TGF-β1
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatic fibrosis is a wound-healing patho
logical process resulting from chronic hepatic injuries.
In the present study, hepatoprotective effects of
Foeniculum vulgare root bark (FVRB), a traditional
Uyghur medicine, against carbon tetrachloride (CCl4)induced hepatic fibrosis in mice were investigated. FVRB
reduced serum levels of aspartate aminotransferase,
alanine aminotransferase, triglyceride, hexadecenoic
acid and laminin. Furthermore, FVRB inhibited CCl4induced TGF-β 1 , MMP-9, TIMP-1 expression and
histopathological changes. Our study indicated that the
protective effects of FVRB are through inhibiting lipid
peroxidation and collagen formation in liver tissue of
liver fibrosis mice.

MATERIALS AND METHODS
Animals

Male Kunming mice weighing 20 ± 2 g were supplied
by the Experimental Animal Center of Urumqi (Urumqi,
China). Mice were housed at room temperature under
a 12 h light/dark cycle (lights on at 08:00 h) and
were fed a standard diet ad libitum. All animal care
and experimental procedures were approved by the
Institute Ethnics Committee of Shihezi University.

Zhang C, Tian X, Zhang K, Li GY, Wang HY, Wang JH.
Protective effects of Foeniculum vulgare root bark extract against
carbon tetrachloride-induced hepatic fibrosis in mice. World J
Gastroenterol 2017; 23(31): 5722-5731 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i31/5722.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i31.5722

Drug material

FVRB was obtained from Uygur Pharmaceutical Com
pany (Uygur, China). FVRB was extracted with 70%
ethanol by using the method of heating reflux and
steam drying. A voucher specimen (No. 20070820)
has been deposited in School of Pharmacy, Shihezi
University.

INTRODUCTION
Hepatic fibrosis is a wound-healing pathological
process resulting from chronic hepatic injuries, which
is characterized by the accumulation of extracellular
[1]
matrix (ECM) . It occurs during most continuous
and chronic liver diseases, driven by inflammatory
responses to tissue injury, which ultimately lead to
liver cirrhosis. Previous studies indicated that activation

WJG|www.wjgnet.com

Reagents

CCl4 was obtained from Tianjin Guangfu Science and
Technology Development Co. (Tianjin, China). Yiganling
Pian (batch number 150102044) containing 38.5
mg of Silybum marianum each piece was purchased
from Shanxi Lijun Chinese Medicine Co. (Shanxi,
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China). Alanine aminotransferase (ALT), aspartate
aminotransferase (AST), triglyceride, malondialdehyde
(MDA), reduced glutathione hormone (GSH), and
superoxide dismutase (SOD) assay kits were all
purchased from Nanjing Jiancheng (Nanjing, China).
Hyaluronic acid (HA) and laminin (LN) assay kits
were obtained from Xitang Co. (Shanghai, China).
Rabbit primary antibodies against TGF-β1, alphasmooth muscle actin (α-SMA), matrix metalloprotein
9 (MMP-9), and metallopeptidase inhibitor 1 (TIMP-1),
and horseradish peroxidase labeled secondary antibody
were purchased from BOSTER (Wuhan, China).

then embedded in paraffin. Four-micrometer-thick
sections were obtained from paraffin blocks and
stained with hematoxylin and eosin (H and E) and
Masson’s trichrome (MT) before they were examined
under a light microscope. The images were randomly
taken from ten fields under a light microscope (200 ×
magnification).

Immunohistochemistry

TGF-β1, MMP-9 and TIMP-1 expression levels in the
liver were measured by immunohistochemistry. The
liver tissues were sectioned and incubated with rabbit
anti-TGF-β1 antibody (1:100), rabbit anti-MMP-9
antibody (1:100), and rabbit anti-TIMP-1 antibody
(1:100). Then the slides were processed using an
immunohistochemical staining kit. After that, the slides
were counterstained with hematoxylin and mounted
with a glycerin gel. In the negative control groups,
the primary antibodies were replaced with PBS. The
sections were observed under a microscope (Nikon 80i).

Experimental protocol

Mice were randomly divided into eight groups (n =
20 each): A-H. Group A (normal control group) was
allowed free access to water and food. In the other
seven experimental groups (B-H), the mice were
treated with CCl4 (10 mL/kg, i.p.) in olive oil (1:1000,
v/v), twice a week for eight weeks. Group B served as
a solvent control group, in which mice were given olive
oil at 10 mL/kg at the fifth week. Group C was a model
group, in which mice were given water at 10 mL/kg
at the fifth week. Groups D, E, F, and G were orally
administered with FVRB (88, 176, 352 and 704 mg/kg,
respectively) once daily from the fifth week for four
weeks. Group H was a positive control group, in which
mice were treated with Yiganling Pian (200 mg/kg).
Mice were anesthetized with ethyl ether and blood
samples were harvested. The blood was centrifuged at
3500 rpm for 10 min at 4 ℃ to obtain the supernatant
serum, which was stored at 80 ℃ until further use for
biochemical analysis. Liver, spleen and kidney were
dissected out and washed immediately with ice cold
saline to weigh.

Western blot analysis

Total protein was extracted from the liver tissue
and the protein concentration was determination by
BCA method. The protein was separated by SDSpolyacrylamide gel electrophoresis, followed by transfer
to PVDF membrane. The membranes were blocked
with 5% nonfat milk in TBST buffer for 1 h. Then target
proteins were incubated overnight at 4 ℃ with TGF-β1
and α-SMA primary antibodies (1:1000). After washing
four times with TBST, the membranes were incubated
with HRP-conjugated secondary antibody (1:10000)
for 1 h at room temperature. Then the membranes
were immersed in an enhanced chemiluminescence
detection solution. Protein was analyzed by the gray
value of the band, which is expressed as the ratio of
the target protein and the β-actin protein.

Biochemical analysis

Serum was collected as mentioned above. ALT, AST and
TG were determined according to the manufacturer’s
protocols using a Microplate Reader Thermo 3001.
The absorbance of ALT and AST reactions was read at
505 nm and the absorbance of TG reaction was read
at 546 nm. The enzyme activity is calculated as U/L.
HA and LN levels were determined by enzyme-linked
immunosorbent assay using the commercial kits. The
absorbance of the reaction was read at 450 nm.

Statistical analysis

All quantitative data are expressed as mean ± SE. Data
were analyzed with SPSS 13.0 software. Statistical
significance between groups was determined by oneway analysis of variance (ANOVA) followed by Tukey’s
multiple range post hoc test. P < 0.05 was considered
statistically significant.

RESULTS

Measurement of MDA, GSH and SOD activities

Effect of FVRB on organ index increase induced by CCl4
treatment

Liver tissues samples were homogenized in phy
siological saline to give a 10% (w/v) liver homogenate,
which was then centrifuged at 2500 rpm for 15 min at
4 ℃. The supernatant was used for the measurement
of MDA, GSH and SOD activities with the commercial
kits following the manufacture’s protocols. Data are
expressed as U/mg of protein.

As demonstrated in Figure 1, organ indexes including
liver, spleen and kidney coefficients were measured
[16]
in mice. Similar to previous studies , liver and
spleen indexes were significantly increased in mice
treated with CCl4. Compared with the model group,
the increase of liver index and spleen index in CCl4treated group was reduced by FVRB and Yiganling
Pian treatment. However, there were no significant

Histopathological evaluation

Liver specimens were fixed in 10% formalin and
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Figure 1 Effect of Foeniculum vulgare root bark extract on organ indexes
in hepatic fibrosis mice. Data are expressed as the mean ± SD (n = 20). bP
< 0.01 vs the normal control group; cP < 0.05 vs the CCl4-treated group; dP <
0.01 vs the CCl4-treated group. a: Normal group; b: Solvent group + CCl4; c:
CCl4-treated group; d, e, f and g: FVRB treatment groups (88, 176, 352 and 704
mg/kg, respectively); h: Yiganling Pian + CCl4.

Figure 2 Effect of Foeniculum vulgare root bark extract on alanine
aminotransferase, aspartate aminotransferase and triglyceride activities
in CCl4-treated mice. Data are expressed as the mean ± SD (n = 20). bP <
0.01 vs the normal control group; cP < 0.05 vs the CCl4-treated group; dP < 0.01
vs the CCl4-treated group. a: Normal group; b: Solvent group + CCl4; c: CCl4treated group; d, e, f and g: FVRB treatment groups (88, 176, 352 and 704
mg/kg, respectively); h: Yiganling Pian + CCl4.

differences in the kidney coefficient between the groups.

Effect of FVRB on serum HA and LN in mice

Effect of FVRB on serum AST, ALT and TG activities in
mice

After CCl4 administration, the levels of serum HA and
LN were significantly increased as compared with the
normal control group (P < 0.05; Figure 4). Treatment
with Yiganling Pian (200 mg/kg) significantly decreased
the levels of serum HA and LN (P < 0.05; Figure 4).
Meanwhile, FVRB treatment markedly decreased the
elevation of serum HA and LN in a dose-dependent
manner after long-term CCl4 injection in mice (P < 0.05;
Figure 4).

As shown in Figure 2, CCl4 treatment markedly elevated
serum AST, ALT and TG activities as compared with
the normal control group. The AST and ALT activities
after CCl4 treatment were about 5 and 4 times higher
than that of the normal group, respectively. How
ever, Yiganling Pian treatment markedly inhibited the
increase of serum AST, ALT and TG after long-term CCl4
injection in mice (P < 0.05; Figure 2). Similarly, the
administration of FVRB at different dosages significantly
decreased AST, and ALT and TG activities (P < 0.05 or
P < 0.01; Figure 2).

Effect of FVRB on histopathological alterations

As shown in Figure 5A, the liver sections of the normal
control group exhibited the normal cellular structure
with well-preserved cytoplasm, prominent nucleolus
and central vein. In contrast, the liver sections of the
CCl4-treated group and solvent control group exhibited
significant pathological changes, such as fibrosis,
ballooning degeneration, steatosis, disseminated
macrovesicular and microvesicular changes (Figure 5B
and C). There was focal necrosis as well as piecemeal
necrosis and fibrosis of portal areas. However, the FVRB
and Yiganling Pian treatment groups showed a few to
milder degree of leukocytes infiltration and necrosis
(Figure 5E-H). In addition, as compared to the normal
control group, the livers of mice treated with CCl4
and the solvent exhibited extensive accumulation of
connective tissue, leading to the formation of continuous
fibrotic septa, nodules of regeneration, and noticeable
alterations in the central vein (Figure 6A-C). However,
treatment with FVRB and Yiganling Pian significantly
attenuated CCl4-induced alterations (Figure 6E-H). The
severe hepatic fibrosis was reduced by treatment with
FVRB, which was in good correlation with the results
of hepatic antioxidant enzyme activities and serum
aminotransferase activities.

Effect of FVRB on MDA, GSH and SOD levels in CCl4treated mice

Lipid peroxidation was evaluated by measuring MDA
content in liver tissue. In the CCl4 treatment group,
the content of MDA was elevated as compared with
the normal control group. The administration of
FVRB significantly decreased MDA content in a dosedependent manner. Also, as compared with the normal
control group, CCl4 treatment markedly decreased the
GSH level and SOD activity in liver tissue. However,
treatment with the extract of FVRB (352 and 704
mg/kg) markedly recovered the CCl4-induced GSH
depletion (P < 0.01; Figure 3). In addition, FVRB
treatment (88, 176, 352 and 704 mg/kg) significantly
restored the depletion of SOD activity in a dosedependent manner (Figure 3). Similarly, Yiganling Pian
treatment (200 mg/kg) increased the GSH content and
SOD activity as compared with the CCl4 group (P < 0.01;
Figure 3). Further, there was no significant difference
in the levels of MDA, GSH and SOD between the CCl4
group and the solvent control group.
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Figure 3 Effect of Foeniculum vulgare root bark extract on malon
dialdehyde, glutathione and superoxide dismutase levels in CCl4-treated
mice. Data are expressed as the mean ± SD (n = 20). bP < 0.01 vs the normal
control group; cP < 0.05 vs the CCl4-treated group; dP < 0.01 vs the CCl4-treated
group. a: Normal group; b: Solvent group + CCl4; c: CCl4-treated group; d, e, f
and g: FVRB treatment groups (88, 176, 352 and 704 mg/kg, respectively); h:
Yiganling Pian + CCl4.

Figure 4 Effect of Foeniculum vulgare root bark extract on serum
hexadecenoic acid and laminin levels in mice. Data are expressed as the
mean ± SD (n = 20). bP < 0.01 vs the normal control group; cP < 0.05 vs the
CCl4-treated group; dP < 0.01 vs the CCl4-treated group. a: Normal group; b:
Solvent group + CCl4; c: CCl4-treated group; d, e, f and g: Foeniculum vulgare
root bark (FVRB) treatment groups (88, 176, 352 and 704 mg/kg, respectively);
h: Yiganling Pian + CCl4.
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Figure 5 H and E staining (× 400) of the liver sections of mice. A: Normal control group; B: Solvent group + CCl4; C: CCl4-treated group; D-G: Foeniculum vulgare
root bark (FVRB) treatment groups (88, 176, 352 and 704 mg/kg, respectively); H: Yiganling Pian + CCl4.

Effect of FVRB on immunohistochemical staining for
TGF-β1, MMP-9 and TIMP-1

overall color of the normal group was light brown, while
the model group was significantly different. Compared
with the model group, the positive expression in the
treatment group was decreased, especially in the dose
group of 704 mg/kg.
The results of TIMP-1 protein expression are shown
in Figure 9. In the normal control group, there was
positive expression of TIMP-1 in peripheral blood
vessels and bile duct wall of the portal area (Figure
9A). In the solvent group and the model group, the
positive staining of TIMP-1 was distributed in the fiber
spacing and the central vein, and the brown yellow was
obviously visible (Figure 9B and C). Compared with
the model group, the positive expression of TIMP-1 in
the FVRB treatment groups was markedly decreased
(Figure 9 D-G). Further, there was a small amount of

As shown in Figure 7A, the expression of TGF-β1 in the
normal control group was only observed in the portal
area and central vein, with a relatively shallow, narrow
range. In Figure 7B and C, the expression of TGF-β1 in
the model group was mainly distributed in the portal
area and central vein, with brown granules showing
a wide distribution. However, the positive expression
of TGF-β1 was significantly decreased in the FVRB
treatment group (Figure 7D-G). The positive control
group also showed a good reduction in the expression
of TGF-β1 (Figure 7H).
Immunohistochemical expression of MMP-9 protein is
shown in Figure 8. Positive MMP-9 staining appeased as
brown granules in the cytoplasm and membrane. The
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Figure 6 Masson trichrome staining (× 400) of the liver sections of mice. A: Normal control group; B: Solvent group + CCl4; C: CCl4-treated group; D-G: FVRB
treatment groups (88, 176, 352and 704 mg/kg, respectively); H: Yiganling Pian + CCl4.
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Figure 7 Immunohistochemical examination (× 400) of transforming growth factor β1 expression in liver tissues of mice. A: Normal group; B: Solvent group
+ CCl4; c: CCl4-treated group; D-G: Foeniculum vulgare root barks (FVRB) treatment groups (88, 176, 352 and 704 mg/kg, respectively); H: Yiganling Pian + CCl4.
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Figure 8 Immunohistochemical examination (× 400) of matrix metalloprotein 9 expression in liver tissues of mice. A: Normal control group; B: Solvent group
+ CCl4; C: CCl4-treated group; D-G: Foeniculum vulgare root bark (FVRB) treatment groups (88, 176, 352 and 704 mg/kg, respectively); H: Yiganling Pian + CCl4.
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Figure 9 Immunohistochemical examination (× 400) of metallopeptidase inhibitor 1 expression in liver tissues of mice. A: Normal control group; B: Solvent
group + CCl4; C: CCl4-treated group; D-G: Foeniculum vulgare root bark (FVRB) treatment groups (88, 176, 352 and 704 mg/kg, respectively); H: Yiganling Pian +
CCl4.

signiﬁcantly attenuated TGF-β1 and α-SMA expression
(P < 0.01).

FVRBs treatment
Normal

CCl4

88 mg/kg 176 mg/kg 352 mg/kg

Yiganling

TGF-β1

DISCUSSION

α-SMA

Liver fibrosis is usually regarded as an outcome of
chronic liver injury in the process of long-term wound
[17-19]
healing
. In the present study, CCl4-induced liver
injury, the most commonly used model for hepatic
[20,21]
fibrosis
, was induced. We detected the levels of
ALT, AST, TG, HA and LN to assess liver function and
the degree of liver fibrosis. There is evidence that
natural substances may have a protective role against
[22,23]
CCl4-induced liver injury
. Considerable efforts
have been made in the study of natural products with
[24,25]
hepatoprotective activities
. Our study showed that
CCl4 caused a significant increase in serum levels of ALT,
AST, TG, HA and LN in mice. However, FVRB treatment
significantly altered these trends. Its hepatoprotective
effect was further confirmed by histopathological
observation that FVRB attenuated CCl4-induced necroinflammatory and fibrogenic effects.
There is growing evidence that oxidative stress
contributes to the development of liver fibrosis by
activating various signaling pathways involved in
[26,27]
fibrogenesis
. The tissue concentration of MDA, a
product of lipid peroxidation during liver fibrogenesis,
was assayed. Also, the SOD and GSH activities were
measured. In the present study, in the CCl4-treated
mice, the MDA level in liver tissue was elevated
and the activities of SOD and GSH were decreased.
Reversal of these trends by FVRB treatment suggests
that FVRB prevented the progression of liver fibrosis
by inhibiting oxidative stress in the liver.
The histopathological studies are a direct means
for assessing the protective effect of FVRB. HE and
Masson staining results showed that FVRB could
reduce liver necrosis, significantly inhibit collagen fiber
hyperplasia, improve liver tissue structure and reduce
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Figure 10 Effect of Foeniculum vulgare root bark extract on the
expression of transforming growth factor-β1 and α-SMA proteins. bP < 0.01
vs the normal control group; cP < 0.05 vs the CCl4-treated group; dP < 0.01 vs
the CCl4-treated group. TGF-β: Transforming growth factor β; α-SMA: Alphasmooth muscle actin.

positive TIMP-1 staining in the Yiganling Pian positive
control group (Figure 9H).

Effect of FVRB on TGF-β1 and α-SMA protein expression

As illustrated in Figure 10, compared to the normal
control group, the expression of TGF-β1 and α-SMA in
the CCl4 treatment group was signiﬁcantly increased
(P < 0.01). However, FVRB treatment markedly
decreased TGF-β1 and α-SMA expression as compared
with the CCl4 treatment group (P < 0.05 or P <
0.01). Meanwhile, treatment with Yiganling Pian also
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fiber tissue. These results further confirmed that FVRB
dose-dependently decreased hepatic histopathological
changes.
The activation of HSCs is the central event in the
[28-30]
pathogenesis of liver fibrosis
. In recent years,
many studies found that TGF-β1 is the strongest factor
inducing fibrosis, and it is also an important factor
[28,31]
to promote the activation of HSCs
. Our result
confirmed that administration of FVRB reduced the
expression of TGF-β1 protein. Therefore, the anti-fibrotic
effect of FVRB may be mediated by its inhibitory effect
on TGF-β1. In addition, α-SMA expression also increases
the generation and proliferation of chemotactic
factors that are capable of recruiting inflammatory
[32,33]
cells
. From the results we know that expression
of α-SMA was enhanced by CCl4 treatment, while the
administration of FVRB prevented the development of
fibrosis perhaps through the inhibition of α-SMA.
The major pathological change of liver fibrosis
is the excessive accumulation of collagen and other
[34]
extracellular matrixes . Under normal circum
stances, the synthesis and decomposition of collagen
is balanced. Once the synthesis is over than decom
position, it will cause the accumulation of collagen in
[35]
the liver, leading to the formation of liver fibrosis .
Matrix metalloproteinases (MMPs) can promote
the degradation of extracellular matrix, which is
consistent with the previous finding that the tissue
inhibitors of metalloproteinase (TIMPs) can reduce
[36,37]
liver fibrosis severity
. Among the MMP family
members, MMP-9 plays an essential role in fibrosis
formation. Many studies have shown that MMP-9 is
elevated in patients with liver fibrosis. TIMP-1 can
[38]
inhibit MMP-9 , preventing the degradation of ECM
and thereby promoting liver fibrosis. In the present
study, the expression of MMP-9 and TIMP-1 proteins
showed significant differences between CCl4 and FVRB
treatment groups, which suggests that MMP-9 and
TIMP-1 are related to the protective effects of FVRB
against the formation of liver fibrosis.
In conclusion, FVRB dose-dependently ameliorated
hepatic oxidative stress and suppressed inflammation
in CCl4-injured liver fibrosis, and its mechanisms
against liver fibrosis may be related with inhibiting
lipid peroxidation formation in liver tissue of liver
fibrosis mice and reducing the collagen formation by
suppressing protein expression of TGF-β1, α-SMA,
MMP-9 and TIMP-1. Thus, FVRB may have potential
therapeutic utilities for protecting against liver fibrosis.
Further experimental studies are necessary to
determine the effective constituents of FVRB.

Currently, treatment of liver damage mainly consists of inhibiting early activation
and proliferation of hepatic stellate cells (HSCs) and collagen fiber growth, and
promoting HSC apoptosis and collagen degradation. Foeniculum vulgare root
bark (FVRB), a traditional Uyghur medicine, has been used for the treatment
of several pathophysiological conditions in China, exhibiting the activity of
dispelling coldness, warming kidney and stomach, removing dampness, and
alleviating swelling and pain.

Innovations and breakthroughs

For the first time, the present study was aimed to investigate the protective
effects of FVRB against CCl4-induced liver injury in vivo. And its mechanisms
against liver fibrosis may be related with inhibiting lipid peroxidation in liver
tissue of liver fibrosis mice and inhibiting the collagen formation by suppressing
protein expression of transforming growth factor-β1, alpha-smooth muscle actin,
matrix metalloprotein 9 and metallopeptidase inhibitor 1.

Applications

FVRB dose-dependently ameliorated hepatic oxidative stress and suppressed
inflammation in CCl 4-injured liver injury. Thus, FVRB may have potential
therapeutic utilities for protecting against liver fibrosis.

Terminology

Liver fibrosis is usually regarded as an outcome of chronic liver injury in the
process of long-term wound healing.

Peer-review

The authors’ aim was to investigate the protective effects of FVRB extract
against carbon tetrachloride-induced hepatic fibrosis in mice. The methods are
appropriate, and the results are moderate.
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Abstract

Institutional review board statement: This study proves by
University of Sydney Institutional Review Board.

AIM
To explore the relationship between such a construct
and an existing continence score.

Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to treatment by written consent.

METHODS
A retrospective study of incontinent patients who
underwent anal physiology (AP) was performed. AP
results and Cleveland Clinic Continence Scores (CCCS)
were extracted. An anal physiology score (APS)
was developed using maximum resting pressures
(MRP), anal canal length (ACL), internal and external
sphincter defects and pudendal terminal motor latency.
Univariate associations between each variable, APS and
CCCS were assessed. Multiple regression analyses were
performed.
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RESULTS
Of 508 (419 women) patients, 311 had both APS and
CCCS measured. Average MRP was 51 mmHg (SD

5732

August 21, 2017|Volume 23|Issue 31|

Young CJ et al . Anal physiology score correlates incontinence severity
system described by Browning and Parks, numerous
grading scores have been developed, each with varying
[5,6]
utility . The importance of subjective assessments in
a symptom-based condition such as incontinence is well
[1,6]
established .
The preponderance of available continence scores
indicates that none is perfect. Incontinence is a hetero
geneous condition including groups of patients with
soiling rather than frank liquid stool incontinence, yet
few continence scores make that distinction between
[6,7]
the two . Though continence scores are often taken
as surrogate measures of anorectal function with higher
continence scores associated with worse anorectal
function, they usually correlate poorly with anorectal
[6,8]
physiology . Continence scores reflect patient percep
tion of the severity and burden of incontinence, but are
[8]
often unhelpful in guiding treatment choice .
An objective measure that quantifies anal function
and could be extrapolated to incontinence was con
sidered as being desirable in providing clinicians with
an alternative grading scale, which could also be useful
in guiding treatment selection or predicting treatment
response. Since no single anal physiology (AP) test is
capable of thoroughly assessing anorectal function,
such a measure could be derived using several different
anal physiology tests. It is important to note that such a
measure does not replace continence scores but serves
to complement in the assessment of incontinence.
It was hypothesized that a summation measure
that considered anal physiology tests collectively would
correlate with continence scores better than when they
were considered individually.

23.2 mmHg) for men and 39 mmHg (19.2 mmHg)
for women. Functional ACL was 1.7 cm for men and
0.7 cm for women. Univariate analyses demonstrated
significant associations between CCCS and MRP (P =
0.0002), ACL (P = 0.0006) and pudendal neuropathy (P
< 0.0001). The association between APS and CCCS was
significant (P < 0.0001) but accounted for only 9.2%
of the variability in CCCS. Multiple regression showed
that the variables most useful in predicting CCCS were
external sphincter defect, pudendal neuropathy and
previous pelvic surgery, but only improving the scores
predictive ability to 12.5%.
CONCLUSION
This study shows that the ability of AP tests to predict
continence scores improves when considered collectively,
but that a constructed summation model before and
after multiple regression is poor at predicting the
variability in continence scores.
Key words: Incontinence; Anal physiology; Anal canal;
Anal ultrasound; Manometry; Electromyography
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study explored the relationship between a
hypothesized anal physiology score combining rankings
from maximal manometric resting pressures and anal
canal length, ultrasound proportions of anal canal
length of internal and external anal sphincters which
were intact, and bilateral pudendal nerve terminal
motor latencies; with the Cleveland Clinic Continence
Score. The association between physiology and conti
nence scores was significant but accounted for only
9.2% of the variability. The most useful variables pre
dicting continence score were proportion of external
sphincter intact, pudendal neuropathy and previous
pelvic surgery. This study shows anal physiology tests
predict continence scores better when considered
collectively.

MATERIALS AND METHODS
Study design

A retrospective study of consecutive patients presenting
for anal physiology with a single colorectal surgeon for anal
incontinence at the Royal Prince Alfred Hospital between
1999 and 2006 was carried out. All patients routinely
underwent anorectal manometry, endoanal ultrasound
(EUS) and pudendal terminal motor latency (PNTML).
Anal physiology study results and continence scores
were extracted from a prospectively maintained electronic
database and medical records. Data collection began after
written approval from the local human research and ethics
committee was obtained.
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Anorectal manometry

Anorectal manometry was performed using a Stryker
manometer (Stryker Corp, San Jose, CA, United States)
with a station pull-through technique. After a thorough
inspection of perineum for surgical scars or asymmetry
in skin corrugations, the catheter is gently introduced
into the anal canal before digital examination to
avoid pressure artifacts. Six resting pressures were
measured at 1 cm intervals in a craniocaudal direction.
The point with the highest resting pressure was taken

INTRODUCTION
The extent of anal incontinence often determines the
most appropriate treatment and facilitates monitoring
[1]
treatment response . Measuring anal incontinence
severity is complex and requires considering the separate
elements of gas, liquid, and solid, the frequency,
the circumstances (e.g., diarrhea), and impact on
[2-4]
lifestyle and pad use
. Since the first grading

WJG|www.wjgnet.com

5733

August 21, 2017|Volume 23|Issue 31|

Young CJ et al . Anal physiology score correlates incontinence severity

A

B

Figure 1 All internal and external anal sphincter lengths found on endoanal ultrasound. A: Internal anal sphincter defect (arrowed) of the mid anal canal on
endoanal ultrasound; B: External anal sphincter defect (arrowed) of the mid anal canal on endoanal ultrasound.

most likely to be informative and incorporated into clinical
[8,9]
practice .
The five variables in the hypothesized APS were
maximum resting pressure, anal canal length, internal
sphincter defects, external sphincter defects and PNTML
(Table 1). Individual variables were rated from zero to
four; giving a possible APS value that ranged from zero
to twenty where zero was hypothesized as associated
with continence and twenty with incontinence. The worse
the resting pressure, the shorter the anal canal length,
the worse the sphincter defects and the worse the
neuropathy, the higher the APS and therefore the worse
the incontinence was anticipated to be.
Anal canal length was calculated using the technique
[10]
described by Hool et al
using 30 mmHg as a cutoff.
[11]
Although a study by Morgado et al
found mean
pressures to be a better measure than maximum pre
ssures, using mean resting pressures and anal canal
length as variables would have led to repeated use of
the same measurements. Choices of variables with
EUS were sphincter defects, sphincter thickness, and
sphincter morphology. Internal and external sphincter
defects were chosen as the third and fourth variables
because the main strength of EUS is its ability to
[3,12]
detect sphincter defects
. All internal and external
anal sphincter lengths found on EUS, specifically
designation as fully intact or the proportion intact and
proportion non-intact due to defects, were recorded
by Author (Young CJ) at the time of EUS (Figure 1).
This was measured relative to the length of anal canal
found at EUS, whether intact or not, from the lower anal
canal to puborectalis, allowing for rank classification
of 0-4 as shown in Table 1. External anal sphincter
thickness was explored as a potential variable but was
considered difficult because the outer boundary of
the external sphincter is often difficult to discern as it
merges with surrounding fibro-fatty tissue. Its utility
[13-17]
remains controversial
. Sphincter morphology was
not chosen because the value of sphincter morphology
[18]
remains to be determined in the available literature .
Finally, PNTML was included to complement manometry
and EUS in the global assessment of anal function.

Table 1 Hypothesized anal physiology score
Maximum
resting
pressure
(mmHg)

Anal
canal
length
(cm)

Internal
sphincter
defect

External
sphincter
defect

0
1
2

> 40
>3
Intact
Intact
> 30, ≤ 40 > 2, ≤ 3 ≤ ¼ defect ≤ ¼ defect
> 20, ≤ 30 > 1, ≤ 2 > ¼, ≤ ½ > ¼, ≤ ½

3
4

> 10, ≤ 20 > ½, ≤ 1
≤ 10
≤½

> ½, ≤ ¾
>¾

> ½, ≤ ¾
>¾

PNTML

Normal
Unilateral
neuropathy
Bilateral
neuropathy

PNTML: Pudendal terminal motor latency.

as the site of the high-pressure zone and this was the
position at which squeeze pressures were measured.

Endoanal ultrasound

EUS was performed using a 10 MHz Bruel and Kjaer
rotating endoprobe with the patient in left lateral
position. Sphincter defects were graded according to the
longitudinal extent of sphincter defect. Sphincter quality is
graded as either homogeneous or heterogeneous. Hard
copies of sonographic images at the level of puborectalis,
upper anal canal, mid anal canal and lower anal canal
were also obtained so that sphincter thickness could be
measured.

Pudendal nerve terminal motor latency

PNTML was measured using a glove mounted St. Mark’s
electrode with the patient in left lateral position. Three
readings on each side with a satisfactory electrical tracing
were taken with the shortest latency being recorded as
the PNTML. Prolonged latency was defined as PNTML ≥
2.2 ms.

Anal physiology score

The hypothesized anal physiology score (APS) con
sisted of variables derived from manometry, EUS and
PNTML. Manometry, EUS, and PNTML were chosen
because these are the most commonly used anorectal
physiology tests for incontinence investigation and the
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Table 2 Cleveland Clinic Continence Score

Gas
Liquid
Solids
Pads
Lifestyle

significant or near significant (P < 0.1) in univariate
analyses were included in the full base model. A
manual backwards stepwise approach was then used
to eliminate variables from the model in order of least
2
significance. R values were used to calculate the
proportion of variability in CCCS that was explained
by the model. Gender differences were analyzed using
Wilcoxon rank sum test for the continuous variables
and chi-square tests for categorical variables.

[4]

Never

Rarely
< 1/mo

Sometimes
≥ 1/mo

Usually
≥ 1/wk

Always
≥ 1/d

0
0
0
0
0

1
1
1
1
1

2
2
2
2
2

3
3
3
3
3

4
4
4
4
4

RESULTS

Table 3 Patient demographics for 508 patients presenting
with faecal incontinence n (%)
Men
n
mean Age
Diabetes
Yes
No
Irritable bowel syndrome
Yes
No
Urinary incontinence
Yes
No
Previous pelvic surgery
Yes
No
Hysterectomy
Anterior resection
Rectopexy
Zaccharin's procedure
Bladder procedure
Previous OSR
Other gynae surgery
Prostatectomy
Anorectal surgery
Yes
No
Hemorrhoidectomy
Sphincterotomy
Anal dilatation
Fistulotomy

89 (17.5)
57.8 (SD 15.1)

Patients

There were 508 (419 females) patients over the eightyear study period with a mean age of 57.8 for men and
60.3 for women (Table 3). The prevalence of urinary
incontinence was similar between men and women in
our cohort and was 10%. Women were much more
likely to have had pelvic surgery with the most common
procedure being hysterectomy followed by a range of
gynecological procedures mainly for pelvic prolapse.
Men were much more likely to have had anorectal
surgery with hemorrhoidectomy being the most
common procedure (Table 3).
Manometry and EUS results were available in all 508
patients. PNTML was unavailable in 34 patients due to
faulty software resulting in PNTML being available in 474
patients. CCCS was available in 397 patients. Of 508
patients, 311 patients had adequate data to derive both
APS and CCCS. The distribution for each APS variable
is shown in Table 4. All APS variables were significantly
different between men and women, except for internal
sphincter defect. Almost 80% of men had normal
pudendal nerve function while only 46% of women did.
Women were at least four times more likely than men
to have unilateral or bilateral neuropathy.

Women
419 (82.5)
60.3 (SD 14.1)

10 (11.2)
72 (80.9)

17 (4.1)
362 (86.4)

9 (10.1)
73 (82.0)

16 (3.8)
363 (86.6)

9 (10.1)
73 (82.0)

42 (10.0)
365 (87.0)

13 (14.6)
70 (78.7)
8 (9.0)
3 (3.4)
6 (6.7)

197 (47.0)
184 (43.9)
148 (35.3)
11 (2.6)
15 (3.6)
45 (10.7)
45 (10.7)
12 (2.9)
48 (11.5)
-

37 (41.6)
45 (50.6)
17 (19.1)
4 (4.5)
0 (0)
8 (9.0)

85 (20.3)
373 (89.0)
34 (8.1)
9 (2.1)
6 (1.4)
13 (3.1)

Univariate associations

Univariate associations between each APS variable and
CCCS is shown in Table 5. Maximum resting pressures,
anal canal length, and pudendal neuropathy were all
significantly associated with CCCS but the associations
between internal or external sphincter defects and
CCCS were not statistically significant.
The mean APS value was 7.2 (SD 4.1). The associa
tion between the derived APS and CCCS was also highly
significant (P < 0.0001) with a Pearson correlation
2
coefficient of 0.3. However, the R was 0.092 meaning
that APS was only able to explain 9.2% of the variability
in CCCS.

Total percentages may not add up to 100% because of missing data, other
categories which have not been included in this table for simplicity or
because patients might have had more than one procedure.

Continence scores

Cleveland Clinic Continence Scores (CCCS) were also
[3]
collected (Table 2) .

Statistical analysis

The analysis was performed using SAS (SAS Instutitute
Inc, 2005). APS variables were expressed as means
with standard deviations and medians with inter-quartile
ranges. Univariate associations between individual APS
variables and CCCS were first analyzed using an ANOVA
procedure. The association between APS and CCCS
was assessed next. In order to determine whether
different combinations of variables could provide a more
predictive model and to adjust for potential confounding
variables, multiple regression was undertaken. All
variables (including clinical information) that were

WJG|www.wjgnet.com

Multiple regressions

Following multiple regression modeling, only external
sphincter defect, pudendal neuropathy and previous
pelvic surgery were significant and independent
predictors of CCCS (Table 6). After adjusting for the other
variables in the model maximum resting pressure and
anal canal length were not significantly associated with
CCCS, whereas external sphincter became significant.
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Table 4 Distribution of anal physiology score variables by
gender
Men
Maximum RP (mmHg)
Mean
51.0 (SD 23.2)
Median

52.0 (IQR 33.5)

ACL (cm)
Mean
Median

Women

38.8 (SD
15.6)
38.0 (IQR
22.5)

1.7 (SD 1.4) 0.7 (SD 0.8)
2.0 (IQR 2.8)
0.5 (IQR
1.0)

IAS defect
Intact
≤ ¼ defect
> ¼, ≤ ½
> ½, ≤ ¾
>¾
EAS defect
Intact
≤ ¼ defect

61 (68.5)
0 (0.0)
12 (13.5)
2 (2.2)
14 (15.7)
85 (95.5)
0 (0.0)

> ¼, ≤ ½
2 (2.2)
> ½, ≤ ¾
1 (1.1)
>¾
1 (1.1)
Pudendal Neuropathy
Normal
70 (78.7)
Unilateral
3 (3.4)
Bilateral
Mean CCCS

6 (6.7)
5.9

P value

Table 5 Univariate associations between individual anal
physiology score variables and Cleveland Clinic continence
scores

Mean reference
range

Men: 50-80
< 0.0001 Women: 30-60

< 0.0001

Men: 2.5-3.5
Women: 2.0-3.0

286 (68.3)
0.7
4 (1)
(c2 = 2.4,
df = 4 )
49 (11.7)
21 (5.0)
59 (14.1)

-

305 (73.0) < 0.0001
2 (0.5) (c2 = 21.7,
df = 4)
62 (14.8)
36 (8.6)
13 (3.1)

-

191 (45.6) < 0.0001
67 (16.0) (c2 = 43.1,
df=2)
137 (32.7)
8
0.001

Maximum RP
(mmHg)
ACL
IAS defect
EAS defect
Pudendal
neuropathy

df

13.8

1, 395

0.0002

3.10%

12.1
2.2
2.3
11.7

1, 395
4, 392
4, 392
2, 394

0.0006
0.07
0.06
< 0.0001

2.70%
1.20%
1.30%
5.10%

Proportion
variability in CCCS
explained

1

Based on ANOVA procedure. CCCS: Cleveland Clinic Continence Scores;
ACL: Anal canal length.

Table 6 Multiple regression analyses
Variable
EAS defect

PNTML
2.20 ms

Previous pelvic
surgery

-

Classification
Intact
¼
½
¾
>¾
Normal
Unilateral neuropathy
Bilateral neuropathy
Yes
No

Change in CCCS P value
4
0.3
1.5
5.1
1.2
2.6
-1.6

0.01

< 0.0001

0.0007

CCCS: Cleveland Clinic Continence Scores; PNTML: Pudendal terminal
motor latency.

CCCS: Cleveland Clinic Continence Scores; ACL: Anal canal length.

[19]

chosen as a variable . Maximum resting pressure
reflects pressure generated by the high-pressure zone,
and has been shown to be significantly different between
[20]
incontinent and continent subjects . Functional anal
canal length was chosen due to its importance as a
[10,11]
marker of continence
.
Normal continence is a complex interaction of several
factors including the rectum, pelvic nerves, pelvic floor,
[1]
anal sphincters, colonic motility and stool consistency .
Anorectal function and incontinence can only be fully
assessed when each of these elements has been
evaluated and included within the APS model respective
to their importance to continence. The APS model may
then appear very sphincter-centric because manometry,
EUS, and PNTML each assess a separate aspect of the
sphincter. If APS is found to be helpful in guiding treatment
selection or predicting treatment outcome, it is more
likely to be incorporated into routine clinical practice as
the tests are commonly performed. Further, it is fruitless
to subject patients to time-consuming and potentially
uncomfortable or embarrassing and costly investigations
(such as defecography, colonic transit study) if clinical
assessment can provide the required answer and when
their relative importance to sphincter function is unknown.
The role of stool consistency in aggravating incontinence
or causing incontinence in an individual with compromised

In combination, external sphincter defect, pudendal
neuropathy and previous pelvic surgery accounted for
12.5% of the variability in CCCS.

DISCUSSION
This study shows that anal physiology tests can predict
continence scores better when considered collectively
rather than individually. While aiming to develop an
objective score quantifying anal function and thereby
incontinence, we showed that the APS only accounted
for 9.2% of the variability in CCCS. The remaining
variability suggests that there are many other factors
in the anal incontinent population to account for it.
The five APS variables were chosen based on our
understanding of the strengths and weaknesses of each
variable, and because they are the most commonly used
tests in our unit. Anal manometry squeeze pressures rely
on patient effort and the ability of patients to squeeze
their sphincters and pelvic floor. Many were found to
adjunct this with “buttock squeeze”, and potentially
the measurement obtained may not be adequately
representative of the actual sphincter function. The large
overlap in squeeze pressures between incontinent and
healthy individuals also means that squeeze pressures
were inadequately discriminatory and therefore not

WJG|www.wjgnet.com
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[21]

anorectal function is well known . While information on
stool consistency using the Bristol chart was collected,
this data was only available for 20% of the subjects
[22]
and could not be included for analysis . Because each
physiology parameter has contributed less than 5%
each to the predictive ability of CCCS, we doubt that
inclusion of stool consistency to the APS would have
made a dramatic difference to the predictive ability of
the APS.
Because of the poor predictive ability of APS,
analysis of variables that may influence continence was
carried out using multiple regression. These included
[23-25]
gender, age, parity and previous pelvic surgery
.
Using multiple regression, we found that external
sphincter defect, pudendal neuropathy, and previous
pelvic surgery were most useful in predicting CCCS.
Although external sphincter defect was not found to
be significantly associated with continence scores on
univariate associations, it was significant using multiple
regression. This apparent initial lack of association
between external sphincter defect and continence
scores is assumed to be due to masking by other
variables. Conversely, maximum resting pressures and
anal canal length were significantly associated with
continence scores on univariate associations but not
multiple regression. This apparent effect was the result
of confounding due to the differences in the distribution
of external sphincter defect, pudendal neuropathy and
previous pelvic surgery between men and women.
Similarly, the strong apparent gender influence was
also a confounder due to the much higher prevalence of
external sphincter defect, pelvic surgery and pudendal
neuropathy amongst females. The predictive ability
of this new model improved marginally to account for
12.5% of the variability in CCCS.
The association between bilateral pudendal neuro
pathy and continence scores has previously been shown
[26]
by Ricciardi et al
but not the relationship between
unilateral neuropathy and continence score. This study
demonstrated an almost linear relationship between
neuropathy and continence scores. The same could not
be demonstrated for external sphincter defect and is
likely related to the small sample size in this study, and
the results should be confirmed using a larger sample
size. The role of pelvic surgery in incontinence had been
controversial. Hysterectomy was the most widely studied
pelvic procedure, and conflicting results have been
[27,28]
reported
. Due to the relatively small numbers of
each procedure except hysterectomy, all those involving
pelvic viscera (uterus, rectum) and the pelvic floor were
classified as pelvic surgery. The results of this study
indicate that previous pelvic surgery was associated with
greater incontinence.
In this study, the gender difference in CCCS was
highly significant suggesting that women had more
severe incontinence than men. A meta-analysis by
[23]
Pretlove et al reported that more women experienced
severe incontinence than men because of the higher
prevalence of solid and liquid incontinence among
women. All APS variables were significantly different

WJG|www.wjgnet.com

between men and women, except for internal sphincter
defect, and this may be a clue as to why there is a
gender difference in CCCS.
Given that the majority of CCCS is unexplained by
clinical or anal physiology data, we believe that although
continence scores and anorectal physiology are both
used in incontinence, they measure different aspects of
incontinence. The clinical utility of this newly developed
measure in guiding treatment selection or predicting
treatment response needs to be determined in a pro
spective clinical study.
In conclusion, anal physiology tests correlate better
with continence scores when considered collectively
rather than individually. Our APS model was only able
to predict 9.2% of the variability in CCCS, suggesting
that continence scores and physiology measure different
aspects of incontinence. These aspects are likely to be
complementary in the assessment of incontinence,
with the clinical utility of the APS derived using multiple
regression requiring prospective assessment in a clinical
setting.
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applying the findings to the diagnosis, management and understanding of fecal
incontinence.

Research frontiers

The ongoing relevance of anal physiology tests and their role in the diagnosis
and management of fecal incontinence continues to require clarification and
validation, to bring a clearer understanding of when and why they are beneficial.

Innovations and breakthroughs

The innovation of this study is the way the anal physiology data has been
combined to create a summative anal physiology score, much in the same vain
as a continence score, which can shed new insights into the diagnosis and
management of fecal incontinence.

Applications

The novel summative anal physiology score presented and studied in this
research can be used for future research projects involving the diagnosis and
management of fecal incontinence. That will potentially open an entire new field
of assessment of fecal incontinence in line with quality of life measures also.

Terminology

There are no terms that the authors do not believe are unfamiliar to most
readers.

Peer-review

Authors established the anal physiology score model and it is helpful to assess
the incontinence.

REFERENCES
1
2

5737

Saldana Ruiz N, Kaiser AM. Fecal incontinence - Challenges and
solutions. World J Gastroenterol 2017; 23: 11-24 [PMID: 28104977
DOI: 10.3748/wjg.v23.i1.11]
Stanley TH, Webster LR. Anesthetic requirements and car

August 21, 2017|Volume 23|Issue 31|

Young CJ et al . Anal physiology score correlates incontinence severity

3
4

5
6
7

8
9

10

11

12

13

14

15

diovascular effects of fentanyl-oxygen and fentanyl-diazepamoxygen anesthesia in man. Anesth Analg 1978; 57: 411-416 [PMID:
568401 DOI: 10.1007/BF02049407]
Jorge JM, Wexner SD. Etiology and management of fecal
incontinence. Dis Colon Rectum 1993; 36: 77-97 [PMID: 8416784
DOI: 10.1007/BF02050307]
de la Portilla F, Calero-Lillo A, Jiménez-Rodríguez RM, Reyes
ML, Segovia-González M, Maestre MV, García-Cabrera AM.
Validation of a new scoring system: Rapid assessment faecal
incontinence score. World J Gastrointest Surg 2015; 7: 203-207
[PMID: 26425269 DOI: 10.4240/wjgs.v7.i9.203]
Parks AG. Royal Society of Medicine, Section of Proctology;
Meeting 27 November 1974. President's Address. Anorectal
incontinence. Proc R Soc Med 1975; 68: 681-690 [PMID: 1197295]
Takács L, Debreczeni LA. Circulatory regulation in pregnant rats:
pregnancy and haemorrhagic hypotension. Acta Physiol Acad Sci
Hung 1972; 42: 345-365 [PMID: 4668583]
O’Brien PE, Skinner S. Restoring control: the Acticon Neo
sphincter artificial bowel sphincter in the treatment of anal
incontinence. Dis Colon Rectum 2000; 43: 1213-1216 [PMID:
11005485 DOI: 10.1007/BF02237423]
Whitehead WE, Wald A, Norton NJ. Treatment options for fecal
incontinence. Dis Colon Rectum 2001; 44: 131-142; discussion
142-144 [PMID: 11805574 DOI: 10.1007/BF02234835]
Terra MP, Deutekom M, Dobben AC, Baeten CG, Janssen LW,
Boeckxstaens GE, Engel AF, Felt-Bersma RJ, Slors JF, Gerhards
MF, Bijnen AB, Everhardt E, Schouten WR, Berghmans B, Bossuyt
PM, Stoker J. Can the outcome of pelvic-floor rehabilitation in
patients with fecal incontinence be predicted? Int J Colorectal
Dis 2008; 23: 503-511 [PMID: 18228027 DOI: 10.1007/
s00384-008-0438-8]
Hool GR, Lieber ML, Church JM. Postoperative anal canal
length predicts outcome in patients having sphincter repair for
fecal incontinence. Dis Colon Rectum 1999; 42: 313-318 [PMID:
10223749 DOI: 10.1007/BF02236345]
Morgado PJ Jr, Wexner SD, Jorge JM. Discrepancies in anal
manometric pressure measurement--important or inconsequential?
Dis Colon Rectum 1994; 37: 820-823 [PMID: 8055728 DOI:
10.1007/BF02050148]
Andromanakos N, Filippou D, Skandalakis P, Papadopoulos V,
Rizos S, Simopoulos K. Anorectal incontinence. pathogenesis and
choice of treatment. J Gastrointestin Liver Dis 2006; 15: 41-49
[PMID: 16680232]
Gantke B, Schäfer A, Enck P, Lübke HJ. Sonographic, manome
tric, and myographic evaluation of the anal sphincters morphology
and function. Dis Colon Rectum 1993; 36: 1037-1041 [PMID:
8223056 DOI: 10.1007/BF02047296]
Schäfer R, Heyer T, Gantke B, Schäfer A, Frieling T, Häussinger
D, Enck P. Anal endosonography and manometry: comparison in
patients with defecation problems. Dis Colon Rectum 1997; 40:
293-297 [PMID: 9118743 DOI: 10.1007/BF02050418]
Voyvodic F, Rieger NA, Skinner S, Schloithe AC, Saccone GT,
Sage MR, Wattchow DA. Endosonographic imaging of anal
sphincter injury: does the size of the tear correlate with the degree

16

17

18

19

20

21

22
23

24

25
26

27

28

of dysfunction? Dis Colon Rectum 2003; 46: 735-741 [PMID:
12794574 DOI: 10.1007/s10350-004-6650-x]
Prichard D, Harvey DM, Fletcher JG, Zinsmeister AR, Bharucha
AE. Relationship Among Anal Sphincter Injury, Patulous Anal
Canal, and Anal Pressures in Patients With Anorectal Disorders.
Clin Gastroenterol Hepatol 2015; 13: 1793-1800.e1 [PMID:
25869638 DOI: 10.1016/j.cgh.2015.03.033]
Gurland B, Hull T. Transrectal ultrasound, manometry, and
pudendal nerve terminal latency studies in the evaluation of
sphincter injuries. Clin Colon Rectal Surg 2008; 21: 157-166 [PMID:
20011414 DOI: 10.1055/s-2008-1080995]
Lam TJ, Kuik DJ, Felt-Bersma RJ. Anorectal function evaluation
and predictive factors for faecal incontinence in 600 patients.
Colorectal Dis 2012; 14: 214-223 [PMID: 21689265 DOI: 10.1111/
j.1463-1318.2011.02548.x]
McHugh SM, Diamant NE. Effect of age, gender, and parity
on anal canal pressures. Contribution of impaired anal sphincter
function to fecal incontinence. Dig Dis Sci 1987; 32: 726-736
[PMID: 3595385 DOI: 10.1007/BF01296139]
Osterberg A, Graf W, Påhlman L. The longitudinal highpressure zone profile in patients with fecal incontinence. Am
J Gastroenterol 1999; 94: 2966-2971 [PMID: 10520853 DOI:
10.1016/S0002-9270(99)00429-3]
Read NW, Bartolo DC, Read MG. Differences in anal function
in patients with incontinence to solids and in patients with
incontinence to liquids. Br J Surg 1984; 71: 39-42 [PMID: 6689968
DOI: 10.1002/bjs.1800710112]
Lewis SJ, Heaton KW. Stool form scale as a useful guide to
intestinal transit time. Scand J Gastroenterol 1997; 32: 920-924
[PMID: 9299672 DOI: 10.3109/00365529709011203]
Pretlove SJ, Radley S, Toozs-Hobson PM, Thompson PJ, Coomara
samy A, Khan KS. Prevalence of anal incontinence according to
age and gender: A systematic review and meta-regression analysis.
Int Urogynecol J Pelvic Floor Dysfunct 2006; 17: 407-417 [PMID:
16572280 DOI: 10.1007/s00192-005-0014-5]
Bharucha AE, Zinsmeister AR, Locke GR, Seide BM, McKeon K,
Schleck CD, Melton LJ 3rd. Risk factors for fecal incontinence: a
population-based study in women. Am J Gastroenterol 2006; 101:
1305-1312 [PMID: 16771954 DOI: 10.1111/j.1572-0241.2006.00553.x]
Lunniss PJ, Gladman MA, Hetzer FH, Williams NS, Scott SM.
Risk factors in acquired faecal incontinence. J R Soc Med 2004;
97: 111-116 [PMID: 14996955 DOI: 10.1258/jrsm.97.3.111]
Ricciardi R, Mellgren AF, Madoff RD, Baxter NN, Karulf RE,
Parker SC. The utility of pudendal nerve terminal motor latencies
in idiopathic incontinence. Dis Colon Rectum 2006; 49: 852-857
[PMID: 16598403 DOI: 10.1007/s10350-006-0529-y]
Forsgren C, Zetterström J, Lopez A, Nordenstam J, Anzen B,
Altman D. Effects of hysterectomy on bowel function: a three-year,
prospective cohort study. Dis Colon Rectum 2007; 50: 1139-1145
[PMID: 17587089 DOI: 10.1007/s10350-007-0224-7]
Altman D, Zetterström J, López A, Pollack J, Nordenstam J,
Mellgren A. Effect of hysterectomy on bowel function. Dis Colon
Rectum 2004; 47: 502-508; discussion 508-509 [PMID: 14994113
DOI: 10.1007/s10350-003-0087-5]
P- Reviewer: Yu CG S- Editor: Qi Y L- Editor: A
E- Editor: Xu XR

WJG|www.wjgnet.com

5738

August 21, 2017|Volume 23|Issue 31|

World J Gastroenterol 2017 August 21; 23(31): 5739-5745

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v23.i31.5739

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE
Retrospective Cohort Study

Minor endoscopic sphincterotomy followed by large balloon
dilation for large choledocholith treatment
Xiao-Dan Xu, Bo Chen, Jian-Jun Dai, Jian-Qing Qian, Chun-Fang Xu
Manuscript source: Unsolicited manuscript

Xiao-Dan Xu, Bo Chen, Jian-Jun Dai, Jian-Qing Qian,
Department of Gastroenterology, Changshu Affiliated Hospital of
Soochow University, Changshu 215500, Jiangsu Province, China

Correspondence to: Xiao-Dan Xu, MD, Department of
Gastroenterology, Changshu Affiliated Hospital of Soochow
University, No. 1, Shuyuan Street, Changshu 215500, Jiangsu
Province, China. xuxiaodan@jscsyy.cn
Telephone: +86-189-13631835
Fax: +86-512-52160115

Chun-Fang Xu, Department of Gastroenterology, the First
Affiliated Hospital of Soochow University, Soozhou 215000,
Jiangsu Province, China
Author contributions: Chen B, Dai JJ and Qian JQ performed
the majority of experiments; Xu XD and Qian JQ contributed
analytic tools and analyzed the data; Xu CF designed the research
and Xu XD wrote the paper.

Received: April 10, 2017
Peer-review started: April 12, 2017
First decision: May 12, 2017
Revised: May 29, 2017
Accepted: July 12, 2017
Article in press: July 12, 2017
Published online: August 21, 2017

Supported by Project of Jiangsu Provincial Medical Youth
Talent, No. QNRC2016213; Soochow Special Project for Major
Clinical Diseases, No. LCZX201319; and Science and Technology
Bureau of Changshu, No. CS201501.
Institutional review board statement: This study was
reviewed and approved by the Institutional Review Board of
Changshu Hospital Affiliated to Soochow University, Changshu,
China.

Abstract
AIM
To evaluate early and late outcomes of endoscopic
papillary large balloon dilation (EPLBD) with minor
endoscopic sphincterotomy (mEST) for stone removal.

Informed consent statement: All study participants or their
legal guardian provided informed written consent about personal
and medical data collection prior to study enrollment.

METHODS
A total of 149 consecutive patients with difficult
common bile duct (CBD) stones (diameter ≥ 10 mm
or ≥ 3 stones) underwent conventional endoscopic
sphincterotomy (EST) or mEST plus EPLBD from May
2012 to April 2016. Their demographic, laboratory and
procedural data were collected, and pancreaticobiliary
complications were recorded.

Conflict-of-interest statement: The authors declare no conflict
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Data sharing statement: Technical appendix, statistical
code and dataset available from the corresponding author at
xxd20@163.com. Participants gave informed consent for data
sharing.
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reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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RESULTS
Sixty-nine (94.5%) of the patients in the EPLBD +
mEST group and 64 (84.2%) in the conventional EST
group achieved stone clearance following the first
session (P = 0.0421). The procedure time for EPLBD +
mEST was shorter than for EST alone (42.1 ± 13.6 min
vs 47.3 ± 11.8 min, P = 0.0128). The overall rate of
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of bleeding and perforation, as well as preservation of
[4-8]
sphincter of Oddi function .
In patients with difficult common bile duct (CBD)
stones (diameter ≥ 10 mm or ≥ 3 stones), EPBD
limits the extent of orifice dilation to a diameter of ≤
10 mm; as such, mechanical lithotripsy (MLT) is more
frequently required to facilitate stone extraction, and
this adjunct procedure is associated with a higher risk
[9-12]
of post-ERCP pancreatitis (PEP)
. Recent studies
have reported that endoscopic papillary large balloon
dilation (EPLBD), as an extension of EPBD, might be
[13-16]
effective for removal of difficult stones
. However,
these studies were based on different definitions and
few have focused on late outcomes.
Thus, we carried out a retrospective comparative
study to investigate the efficacy and safety of EPLBD
with minor (m)EST for the removal of difficult CBD
stones.

early complications in the EPLBD + mEST group (11%)
was lower than in the EST group (21.1%); however,
the difference was not significant (P = 0.0938). The
cumulative recurrence rate of cholangitis and CBD
stones between the two groups was also similar. The
procedure time was independently associated with
post-endoscopic retrograde cholangiopancreatography
pancreatitis (OR = 6.374, 95%CI: 1.193-22.624,
P = 0.023), CBD stone diameter ≥ 16 mm (OR
= 7.463, 95%CI: 2.705-21.246, P = 0.0452) and
use of mechanical lithotripsy (OR = 9.913, 95%CI:
3.446-23.154, P = 0.0133) were independent risk
factors for stone recurrence.
CONCLUSION
EPLBD with mEST is more effective than EST alone for
difficult CBD stone removal, with shorter procedure
time and fewer early complications.
Key words: Endoscopic papillary balloon dilation;
Pancreatitis; Endoscopic sphincterotomy; Common bile
duct stones

MATERIALS AND METHODS
Patients

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Patients receiving ERCP for the removal of CBD stones
at our hospital between May 2012 and April 2016 were
included in this study. Inclusion criteria were as follows:
(1) age ≥ 18 years; (2) maximum stone diameter ≥
10 mm or ≥ 3 stones; and (3) diameter of the distal
common bile duct ≥ 12 mm. Exclusion criteria were:
(1) pre-existing acute pancreatitis; (2) previous ERCPrelated procedures; (3) presence of intrahepatic duct
stones, distal bile duct strictures or malignant biliary
obstruction; and (4) coagulopathy with platelet count
< 50000/mL or anticoagulation therapy within 1 wk.
Patients’ medical records, laboratory tests, imaging
findings, and records of ERCP were reviewed.

Core tip: This is a retrospective comparative study
to investigate the efficacy and safety of endoscopic
papillary large balloon dilation (EPLBD) with minor
endoscopic sphincterotomy (mEST) for the removal
of difficult common bile duct stones. EPLBD + mEST
was found to be more effective than conventional
endoscopic sphincterotomy alone for difficult stone
removal, with shorter procedure time and potentially
fewer early complications.
Xu XD, Chen B, Dai JJ, Qian JQ, Xu CF. Minor endoscopic
sphincterotomy followed by large balloon dilation for large
choledocholith treatment. World J Gastroenterol 2017;
23(31): 5739-5745 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i31/5739.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i31.5739

Endoscopic procedures

All ERCP-related procedures were performed according
to a standardized protocol by three endoscopy specia
lists, each with > 15 years of ERCP experience, using a
side-viewing duodenoscope (TJF-260; Olympus, Tokyo,
Japan) with a large accessory channel. Local anesthesia
of the pharynx was required using 10% xylocaine and
intramuscular injection of 40 mg hyoscine butylbromide,
and 50-100 mg meperidine was administered as
premedication. EST or EPLBD + mEST were chosen at
the discretion of the endoscopists for stone removal.
EST was performed according to the conventional
method. mEST was performed proximally from the
orifice of the papilla, but did not extend beyond the
horizontal fold or the transverse fold of the papilla.
EPLBD was performed following mEST and using
a dilating balloon (CRE balloon 5.5 cm long, 12-20
mm diameter; Boston Scientific, Boston, MA, United
States). The diameter of the balloons was set at 12-20
mm based on the size of the stones and distal bile
duct. The balloon was then filled gradually with diluted
contrast medium under endoscopic and fluoroscopic

INTRODUCTION
Endoscopic retrograde cholangiopancreatography
(ERCP) combined with endoscopic sphincterotomy
(EST) is now widely accepted as the first-line pro
[1]
cedure for treatment of choledocholithiasis . Stone
extraction with EST is successful in > 90% of cases,
but adverse events such as bleeding, perforation,
pancreatitis and cholangitis occur in 5%-10% of
[2,3]
patients, with a mortality rate of < 1% . Endoscopic
papillary balloon dilation (EPBD; with a 6-mm to
10-mm dilating balloon) with conventional EST, was
regarded as a safer and easier option than EST alone
in patients with coagulopathy, Billroth Ⅱ anastomosis,
or periampullary diverticulum because of the lower risk
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our hospital was followed up routinely. They were
interviewed by telephone or advised to visit our
outpatient clinic after discharge. If there was any
suspicion of recurrence during follow-up, liver function
tests and imaging studies were performed. Patients
with recurrent pancreaticobiliary complications treated
with or without ERCP-related procedures, patients with
gallstones undergoing cholecystectomy, or patients who
had died were all recorded in our database with SPSS
software (SPSS Inc., Chicago, IL, United States).

Table 1 Baseline characteristics of patients
Variable
Age in yr
Sex, male/female
Cholecystolithiasis
Cirrhosis
History of cholecystectomy
Periampullary diverticulum
Billroth Ⅱ gastrectomy
AMY in U/L
TB in mg/dL
ALT in IU/L
AST in IU/L
PT in s
PC as × 106/L
Maximum CBD diameter in mm
Maximum stone diameter in mm
CBD stones

EPLBD+mEST

EST

n = 73

n = 76

59.7 ± 12.4
47/26
22 (30.1)
5 (6.8)
7 (9.6)
9 (12.3)
2 (2.7)
84.1 ± 21.9
4.9 ± 2.1
121.8 ± 27.6
91.1 ± 27.7
11.2 ± 2.1
157.2 ± 31.3
17.5 ± 4.6
16.9 ± 4.1
2.9 ± 1.1

62.1 ± 13.7
45/31
19 (25)
6 (7.9)
7 (9.2)
11 (14.5)
3 (3.9)
90.1 ± 24.3
5.3 ± 2.6
117.3 ± 37.2
95.6 ± 31.3
11.7 ± 2.3
158.1 ± 31.2
18.1 ± 5.7
16.5 ± 4.7
2.3 ± 1.9

P value
0.2647
0.5160
0.4828
0.8073
0.9369
0.7010
0.9635
0.1160
0.3007
0.4005
0.3550
0.1684
0.8896
0.4817
0.5813
0.4354

Statistical analysis

Statistical analysis was performed on an intentionto-treat basis with SPSS version 20.0. For analysis
2
of categorical data, a χ test with a Yates correction,
or Fisher’s exact test was used. A normality test was
applied for continuous data, which were then analyzed
with Student’s t or Mann-Whitney U test. Patient
characteristics are expressed as mean ± SD or as
percentages. All statistical tests were two-tailed and
the threshold for statistical significance was set at P <
0.05. It was assumed that 90% of cases would achieve
stone clearance, and a 20% decrease in clearance rate
was considered to be clinically significant. Fisher’s exact
two-sided test was performed to detect a significant
difference (α = 0.05) for a sample of 126 patients (63
in each group) with 80% power.

Data are presented as n (%) or mean ± SD. ALT: Alanine aminotransferase;
AMY: Serum amylase level; AST: Aspartate aminotransferase; CBD:
Common bile duct; EPLBD: Endoscopic papillary large balloon dilation;
EST: Endoscopic sphincterotomy; LC: Leukocyte count; mEST: EST:
Endoscopic sphincterotomy; PC: Platelet count; PT: Prothrombin time; TB:
Total serum bilirubin.

guidance, to observe the gradual disappearance of
the waist in the balloon. Once the waist disappeared,
the balloon remained inflated for 60 s before stone
extraction.
Complete stone removal was determined by final
cholangiography. An endoscopic nasobiliary drainage
catheter (7.5 Fr; Boston Scientific) was inserted
routinely following endoscopic clearance of the CBD
stones. It was withdrawn at 48 h after ERCP if no
remnant stones were visualized by magnetic resonance
cholangiopancreatography after improvement of
symptoms and abnormal laboratory values. Initial
success was defined as complete CBD stone removal
when only one session of the stone removal procedure
was performed independent of MLT use; otherwise, a
second session of ERCP was performed to retrieve the
remnant stones. All patients enrolled were hospitalized
and received antibiotics routinely following ERCP.

RESULTS
From May 2012 to April 2016, 879 consecutive patients
who underwent ERCP procedures in our hospital were
reviewed and 149 fulfilled the inclusion criteria of the
current study. Of these, 73 patients were treated with
EPLBD + mEST for CBD stone removal, while the other
76 were treated with EST alone. The mean diameter of
CBD stones was 15.7 mm (range: 10.0-21.1 mm).
The two groups showed no significant difference
in baseline characteristics. Laboratory and imaging
findings were also similar between the two groups
(Table 1). CBD stone clearance was successfully
performed in all patients (Table 2). Sixty-eight (93.2%)
of the patients in the EPLBD + mEST group achieved
stone clearance without MLT, as well as 62 (81.6%) in
the EST group (P = 0.0343). Sixty-nine (94.5%) of the
patients in the EPLBD + mEST group and 64 (84.2%)
in the EST group achieved stone clearance following
the first session (P = 0.0421) and the procedure time
of EPLBD + mEST was shorter than EST alone (42.1 ±
13.6 min vs 47.3 ± 11.8 min, P = 0.0128). Duration of
hospital stay following ERCP was similar between the
two groups (5.1 ± 2.2 d vs 5.7 ± 1.9 d, P = 0.0753).
Early and late complications are listed in Table 2, and
there were no differences between the two groups
(11.0% vs 21.1%, P = 0.0938) in early complications.
Six (8.2%) of the patients in the EPLBD + mEST
group and 7 (9.2%) in the control group had PEP (P
= 0.8303). All cases of PEP were mild and recovered

Definition of post-ERCP complications

Complications were evaluated according to the 1991
[17]
consensus guidelines . PEP was defined as abdominal
pain with at least a 3-fold elevation of serum amylase
> 24 h after the procedure that required treatment for
> 2 d. Post-ERCP cholangitis was defined as a fever
higher than 38 ℃ lasting > 48 h due to biliary causes.
Post-ERCP hemorrhage was defined as mild when
there was a decrease in hemoglobin level, moderate
when transfusion was required (< 4 U) and severe
when > 5 U was needed or when intervention was
required.

Late outcomes

Each patient who received ERCP procedures in
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Table 2 Outcomes of endoscopic papillary large balloon
dilation + minor endoscopic sphincterotomy for stone
removal compared with endoscopic sphincterotomy alone
Outcome
Stone removal succeeded
without MLT
Procedure time in min
Initial success
Overall success
ENBD placement time in d
Duration of hospital stay in d
Early complications
PEP
Mild
Moderate
Severe
Cholangitis
Hemorrhage
Intraprocedural
Post-procedural
Perforation
Late complications
Recurrence of cholangitis
Recurrence of CBD stones
CBD stricture
Duration of follow-up in mo
Cholecystectomy
Loss to follow-up
Death

P value

EPLBD+mEST

EST

n = 73

n = 76

68 (93.2)

62 (81.6)

0.0343

42.1 ± 13.6
69 (94.5)
73 (100)
2.6 ± 0.7
5.1 ± 2.2
8 (11.0)
6 (8.2)
6
0
0
1 (1.4)

47.3 ± 11.8
64 (84.2)
76 (100)
2.5 ± 0.6
5.7 ± 1.9
16 (21.1)
7 (9.2)
7
0
0
3 (4.0)
0
6 (7.9)
0
0
4 (5.2)
1 (1.3)
3 (3.9)
0
12.9 ± 5.5
7 (9.2)
0
0

0.0128
0.0421
0.3990
0.0753
0.0938
0.8303
0.8303
0.6411
0.1351
0.7604
1.0000
0.9565
0.2140
0.5965
-

1 (1.4)
0
0
4 (5.5)
0
4 (5.5)
0
14.1 ± 5.5
5 (6.8)
0
0

0.8

0.6

0.4

0.2

0.0
0.0

5.0

10.0 15.0

20.0

25.0 30.0

Duration of follow-up

Figure 1 Estimated cholangitis and common bile duct stone recurrence
rates. Kaplan-Meier analysis showed no significant difference between the
EPLBD + mEST group and the EST group (P = 0.859). EST: Endoscopic
sphincterotomy; EPLBD: Endoscopic papillary large balloon dilation; mEST:
Minor endoscopic sphincterotomy.

developed PEP (PEP group, n = 13; No-PEP group, n
= 136) or recurrence of CBD stones (Stone recurrence
group, n = 7; No-stone recurrence group, n = 142).
Univariate and multivariate logistic regression analyses
were performed to identify independent risk factors.
Compared to the No-PEP group, significantly longer
procedure times (51.3 ± 11.7 min vs 43.6 ± 12.5
min, P = 0.0346) and CBD stone diameters ≥ 16 mm
(53.8% vs 16.9%, P = 0.0049) were observed in the
PEP group (Table 3). Further analysis with multivariate
logistic regression indicated that the procedure
time was independently associated with PEP (OR =
6.374, 95%CI: 1.193-22.624, P = 0.023). For stone
recurrence, maximum stone diameter (19.9 ± 7.7 mm
vs 15.3 ± 5.1 mm, P = 0.0246), patients whose CBD
stone diameter was ≥ 16 mm (57.1% vs 18.3%, P =
0.0435) and use of MLT (57.1% vs 10.6%, P = 0.0053)
were significantly different between the two subgroups.
CBD stone diameter ≥ 16 mm (OR = 7.463, 95%CI:
2.705-21.246, P = 0.0452) (Table 3) and MLT (OR
= 9.913, 95%CI: 3.446-23.154, P = 0.0133) were
independent risk factors for stone recurrence.

Data are presented as n (%) or mean ± SD. CBD: Common bile duct;
ENBD: Endoscopic nasobiliary drainage; EPLBD: Endoscopic papillary
large balloon dilation; EST: Endoscopic sphincterotomy; mEST: Minor
endoscopic sphincterotomy; MLT: Mechanical lithotripsy; PEP: Postendoscopic retrograde cholangiopancreatography pancreatitis.

after conservative treatment. More patients had
intraprocedural hemorrhage in the EST (7.9%) group
than in the EPLBD + mEST group (1.4%), although
there was no significant difference (P = 0.1351).
Additionally, serious complications such as perforation,
post-procedural hemorrhage, or severe pancreatitis
were not observed in any patient.
The median follow-up duration was 13.5 mo (range:
3-26 mo) for all patients, and there was no significant
difference between the two groups (Table 2). There was
no death or loss to follow-up. Cholecystectomy was
performed in 5 (6.8%) patients in the EPLBD + mEST
group and 7 (9.2%) in the EST group (P = 0.5965).
The overall rate of late complications was similar
between the two groups (5.5% vs 5.2%, P = 0.7604).
There was only 1 patient in the EST group (1.3%) who
experienced recurrence of cholangitis during follow-up.
A total of 7 patients, 4 (5.5%) in the EPLBD + mEST
group and 3 (3.9%) in the EST group (P = 0.9565),
had CBD stone recurrence and were treated again by
ERCP. The cumulative recurrence rate of cholangitis
and CBD stones between the two groups did not differ
significantly (log rank, P = 0.859; Figure 1).
According to PEP and stone recurrence, which
comprised the majority of early and late complications,
patients were divided into two subgroups: those who

WJG|www.wjgnet.com

group
EST
EPLBD + mEST
EST-censored
EPLBD + mEST-censored

1.0

DISCUSSION
Since 2003, there have been a series of studies
demonstrating the safety and efficacy of EPLBD with
[10,18,19]
a preceding EST, for removal of CBD stones
.
However, it is difficult to make an accurate judgment
because some technical criteria mentioned in these
studies differed, such as the extent of EST, balloon
dilation protocol and CBD stone size. Additionally, most
of the studies only focused on early complications of
these procedures, but not on the late complications.
In the current study, stone clearance was performed
successfully in all patients and the results were similar
[20]
to those in a recent review . That review showed that
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Table 3 Univariate analysis of risk factors for post-endoscopic retrograde cholangiopancreatography pancreatitis and stone
recurrence
Variable
Age in yr
Sex, male/female
Cholecystolithiasis
History of cholecystectomy
Periampullary diverticulum
Billroth Ⅱ gastrectomy
Procedure time in min
Maximum CBD diameter in mm
Maximum stone diameter in mm
≥ 16
≥ 22
No. of CBD stones
MLT performed
Dilating procedure performed
ENBD placement time in d

PEP

No-PEP

n =13

n =136

60.3 ± 10.7
8/5
2 (15.4)
1 (7.7)
0
1 (7.7)
51.3 ± 11.7
17.1 ± 5.3
17.3 ± 5.1
7 (53.8)
2
2.4 ± 1.2
3 (23.1)
6 (46.2)
2.3 ± 0.5

61.1 ± 11.3
84/52
39 (28.7)
13 (9.6)
20 (14.7)
4 (2.9)
43.6 ± 12.5
16.7 ± 4.9
16.9 ± 6.1
23 (16.9)
3
2.2 ± 1.0
16 (11.7)
67 (49.3)
2.6 ± 0.7

P value

Stone recurrence
n =7

No-stone recurrence
n =142

P value

0.8069
0.7775
0.4838
0.7817
0.2891
0.3706
0.0346
0.7804
0.8194
0.0049
0.0607
0.4995
0.4635
0.8303
0.0960

59.6 ± 11.4
5/2
1 (14.3)
1 (14.3)
2 (28.6)
0
50.1 ± 10.8
18.7 ± 8.1
19.9 ± 7.7
4 (57.1)
1 (14.3)
2.1 ± 1.1
4 (57.1)
4 (57.1)
2.8 ± 0.7

60.7 ± 9.9
87/55
40 (28.2)
14 (9.9)
18 (12.7)
5 (3.5)
48.1 ± 11.1
16.7 ± 7.7
15.3 ± 5.1
26 (18.3)
4 (2.8)
1.9 ± 1.0
15 (10.6)
69 (48.6)
2.6 ± 0.7

0.7760
0.8873
0.7118
0.5319
0.2378
1.0000
0.6420
0.5043
0.0246
0.0435
0.2165
0.6071
0.0053
0.6586
0.5010

Data are presented as n (%) or mean ± SD. CBD: Common bile duct; ENBD: Endoscopic nasobiliary drainage; EPLBD: Endoscopic papillary large balloon
dilation; mEST: Minor endoscopic sphincterotomy; MLT: Mechanical lithotripsy; PEP: Post-endoscopic retrograde cholangiopancreatography pancreatitis.

the initial success rate was also similar between the
two groups; however, that was not confirmed by the
current study, which showed a higher initial success
rate in the EPLBD + mEST group compared with the
EST group. Also, the initial success rates of both groups
were higher than that reported by the review (EPLBD
+ EST group: 87% vs EST group: 79%). It is hard to
explain this discrepancy because success rates of stone
removal are usually associated with the experience of
the endoscopist, condition of the patient, shape and
size of the CBD stones, time and size of the dilating
balloon, and extent of the EST.
Nevertheless, according to our study, large balloon
dilation along with mEST facilitated difficult CBD stone
removal and could significantly shorten the procedure
time (EPLBD + mEST group: 42.1 ± 13.6 min vs
EST group: 47.3 ± 11.8 min). A total of 19 patients
who failed stone clearance using a Dormia basket or
balloon catheter had to undergo MLT. In this study,
we also found a significantly lower rate of MLT usage
when comparing the EPLBD + mEST group with the
control group (EPLBD + EST group: 6.8% vs EST
group: 18.4%), and the results were similar to those
[20]
in the previous review . MLT has proven to be a timeconsuming and a challenging technique with related
adverse events, such as basket impaction and bile duct
injury. The extended ampullary orifice made by EPLBD
facilitates difficult CBD stone extraction and it might
reduce the need for MLT if EPLBD was used after EST,
as compared to EST alone. We found a significantly
shorter procedure time in the EPLBD + mEST group
than in the EST group. Decreased procedure time
indicates a decrease in radiation exposure, which is
associated with a reduction in the risk of post-ERCP
[21]
complications .
In the current study, the overall rate of early com
plications in the EPLBD + mEST group (11%) was
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lower than that in the EST group (21.1%), although
the difference was not significant. PEP, which is the
major early complication of ERCP, is closely related to
[11]
the EPBD procedure . However, it was not confirmed
in the current study, in which PEP occurred in 8.2%
patients in the EPLBD + mEST group and 9.2% in
the EST group, and both the incidence and severity
were similar. Further analysis demonstrated that
the procedure time and CBD stone diameter ≥ 16
mm were associated with PEP. In the current study,
balloon dilation of the orifice failed to demonstrate
an increased incidence of PEP, as had been noted
[22-24]
previously
. It appears that, with a preceding EST,
the dilating force of the balloon is more accurate in
the direction of the sphincterotomy, away from the
pancreatic duct orifice, and this reduces the likelihood
of PEP.
Previous studies have shown a high incidence
of hemorrhage (8.3%-9%) during full EST before
[10,12]
EPLBD
. One of the key purposes for developing
EPBD was to minimize the risk of hemorrhage by
avoiding sphincterotomy. In the current study, the
incidence of hemorrhage was controlled to a low
level (1.4%) with limited sphincterotomy followed by
EPLBD, which was lower than 7.9 in the EST group.
However, the difference was not significant. All bleeding
complications in this study were mild and easily
controlled using argon-plasma coagulation, epinephrine
spray, or compression by the balloon. The incidence
of cholangitis (1.4% vs 4%) was also comparable and
there was no perforation in any patient.
To date, few studies have looked beyond the
early complications of EPLBD + EST, paying attention
to either mid- or long-term outcomes. Recently, a
Greek research team prospectively evaluated the
4-year outcomes of a multicenter randomized trial of
EPLBD + EST and found an overall low risk (7.5%)

5743

August 21, 2017|Volume 23|Issue 31|

Xu XD et al . Common bile duct stone removal
[25]

of recurrent CBD stones . They reported that most
stone recurrence occurred within the first 2.5 or 3.5
year following stone removal, and the mean interval
between ERCP and recurrence of CBD stones was
37.5 ± 5.7 mo (range: 28-42 mo). In our study, 7
patients, 4 (5.5%) in the EPLBD + mEST group and 3
(3.9%) in the EST group, had CBD stone recurrence
during follow-up. The incidence was lower than that
of the Greek study, which could be because of the
short follow-up period in the current study. CBD
stone diameter ≥ 16 mm and MLT were found to be
independent risk factors for stone recurrence. This
explained why MLT was more frequently used with
larger stones and increased the risk of recurrence
because even a few missed tiny stone fragments may
[26]
act as a nidus for stone reaggregation .
Nevertheless, all the patients enrolled were in a
single center and the retrospective nature of the study
could bring potential biases in the selection of patients
and procedures. Furthermore, large, prospective
randomized comparative studies are necessary to
evaluate the significant differences between EPLBD +
mEST and EST for difficult CBD stone removal.
In conclusion, EPLBD with mEST was more effective
than EST alone for difficult CBD stone removal, with a
shorter procedure time, reduced use of MLT, and the
potential to reduce early complications.

for difficult CBD stone removal, having shorter procedure time and the potential
to reduce development of early complications.
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Abstract
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AIM
To assess the diagnostic value of FIB-4, aspartate amino
transferase-to-platelet ratio index (APRI), and liver
stiffness measurement (LSM) in patients with hepatitis
B virus infection who have persistently normal alanine
transaminase (PNALT).

Conflict-of-interest statement: All the authors have no conflict
of interest related to the manuscript.
Data sharing statement: The original anonymous dataset is
available on request from the corresponding author at tyw915@
sina.com.

METHODS
We enrolled 245 patients with chronic hepatitis B: 95
in PNALT group, 86 in intermittently elevated alanine
transaminase (PIALT1) group [alanine transaminase
(ALT) within 1-2 × upper limit of normal value (ULN)],
and 64 in PIALT2 group (ALT > 2 × ULN). All the
patients received a percutaneous liver biopsy guided by
ultrasonography. LSM, biochemical tests, and complete
blood cell counts were performed.
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work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
The pathological examination revealed moderate
inflammatory necrosis ratios of 16.81% (16/95), 32.56%
(28/86), and 45.31% (28/64), and moderate liver
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chronic HBV infection are diverse and varied, ranging
from an inactive carrier state to progressive chronic
hepatitis B (CHB), which may progress to cirrhosis
[1,2]
and hepatocellular carcinoma (HCC) . Chronic HBV
infection is a dynamic process, and its natural history
was schematically divided into ﬁve phases by the
European Association for the Study of the Liver Clinical
[1]
Practice Guidelines (2012) as follows : (1) the “immune
tolerant” phase; (2) the “immune reactive HBeAgpositive phase”; (3) the “inactive HBV carrier phase”;
(4) “HBeAg-negative CHB” phase; and (5) the “HBeAgnegative CHB” or “HBsAg-negative” phase.
Although serum levels of alanine transaminase (ALT),
an enzyme released from hepatocytes during liver
[3]
injury, should reflect the degree of liver damage , not
all patients with chronic HBV infection have persistently
elevated ALT levels. Patients in the immune-tolerant
phase and inactive carriers have persistently normal ALT
[4,5]
(PNALT) levels , while a proportion of patients with
HBeAg-negative CHB may have intermittently normal
ALT levels. Histological injury in patients with normal ALT
[5-10]
levels has also been reported
. Furthermore, some
large cohort studies have shown that patients with CHB
who have normal serum ALT levels were also at risk for
[11,12]
the development of cirrhosis and HCC
. Liver biopsy
(LB) is the current gold standard for assessing hepatic
inﬂammation and ﬁbrosis in patients with chronic HBV
[7]
infection who have PNALT . The invasiveness of liver
puncture, the limitation of the specimen, and the poor
patient compliance have restricted the application of
LB, which has led to the development of noninvasive
[13]
methods such as FIB-4
and aspartate amino
[14]
transferase (AST)-to-platelet ratio index (APRI)
for
evaluating fibrosis in patients with chronic HBV infection.
Liver stiffness measurement (LSM) using transient
elastography (FibroScan) has been widely used in the
[15,16]
diagnosis of chronic liver fibrosis
. However, the
diagnostic value of FIB-4, APRI, and LSM in patients
with HBV infection with PNALT is not clear.
In this study, we comprehensively evaluated the
characteristics of histological abnormalities in a large
population of Chinese CHB patients with PNALT, with an
aim to analyze the diagnostic value of FIB-4, APRI, and
LSM in patients with HBV who have PNALT.

fibrosis of 24.2% (23/95), 33.72% (29/86), and 43.75%
(28/64) in the PNALT, PIALT1, and PIALT2 groups,
respectively. The degrees of inflammation and liver
fibrosis were significantly higher in the PIALT groups
than in the PNALT group (P < 0.05). No significant
difference was found in the areas under the curve (AUCs)
between APRI and FIB-4 in the PNALT group; however,
significant differences were found between APRI and
LSM, and between FIB-4 and LSM in the PNALT group (P
< 0.05 for both). In the PIALT1 and PIALT2 groups, no
significant difference (P > 0.05) was found in AUCs for
all comparisons (P > 0.05 for all). In the overall patients,
a significant difference in the AUCs was found only
between LSM and APRI (P < 0.05).
CONCLUSION
APRI and FIB-4 are not the ideal noninvasive hepatic
fibrosis markers for PNALT patients. LSM is superior to
APRI and FIB-4 in PNALT patients because of the influence
of liver inflammation and necrosis.
Key words: Liver stiffness measurement; Hepatitis B
virus; FIB-4; Aspartate aminotransferase-to-platelet
ratio index; Normal; Alanine aminotransferase
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To assess the diagnostic value of FIB-4,
aspartate aminotransferase-to-platelet ratio index (APRI),
and liver stiffness measurement (LSM) in patients with
hepatitis B virus infection who have persistently normal
alanine transaminase (PNALT), we enrolled 245 patients
with chronic hepatitis B: 95 in PNALT group, 86 in
intermittently elevated alanine transaminase (PIALT1)
group [alanine transaminase (ALT) within 1-2 × upper
limit of normal value (ULN)], and 64 in PIALT2 group
(ALT > 2 × ULN). The results showed that APRI and
FIB-4 are not the ideal noninvasive hepatic fibrosis
markers for PNALT patients. LSM is superior to APRI and
FIB-4 in PNALT patients because of the influence of liver
inflammation and necrosis.
Tan YW, Zhou XB, Ye Y, He C, Ge GH. Diagnostic value of
FIB-4, aspartate aminotransferase-to-platelet ratio index and
liver stiffness measurement in hepatitis B virus-infected patients
with persistently normal alanine aminotransferase. World J
Gastroenterol 2017; 23(31): 5746-5754 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i31/5746.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i31.5746

MATERIALS AND METHODS
Ethics statement

The study was approved by the Medical Ethics
Committee of The Third Hospital of Zhenjiang Affiliated
Jiangsu University (No. 2013011), and written informed
consent was obtained from each patient prior to
participation. The study was conducted in accordance
with the Declaration of Helsinki.

INTRODUCTION
Approximately a third of the world’s population have
serological evidence of past or present hepatitis B
virus (HBV) infection, and 350-400 million people are
known to be chronic HBV surface antigen (HBsAg)
carriers. The disease spectrum and natural history of

WJG|www.wjgnet.com

Patients

This was a retrospective cohort study of patients with
CHB diagnosed between January 2011 and June 2016
at the Department of Hepatology, The Third Hospital
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of Zhenjiang Affiliated Jiangsu University. The patients
were examined every 3 to 6 mo, or more often if
clinically indicated. At each visit, liver biochemistry
and HBV serology, including HBsAg, HBeAg, antiHBe, and HBV DNA levels, and HBV genotype, were
[17]
evaluated. The inclusion criteria were as follows : (1)
being HBsAg positive for at least 6 mo; (2) HBV DNA
level > 1000 copies/mL; and (3) patients with PNALT
levels who had at least three ALT values taken in the
year prior to baseline LB, with all values > 40 IU/L
and remaining so until the start of treatment or the
last follow-up if not treated. Patients were categorized
as having PIALT levels if they had at least three ALT
values taken, and at least one measurement of > 40
IU/L in the year prior to the baseline LB, or any time
until the start of treatment or the last follow-up if
[6-8,10,18,19]
not treated (intermittently elevated)
. The
exclusion criteria were as follows: (1) hepatitis A, C,
or D, or human immunodeficiency virus coinfection;
(2) evidence of liver disease with another etiology;
(3) use of hepatotoxic drugs or regular consumption
of alcohol; (4) previous antiviral (HBV) therapy or
any liver functional protection therapy to alleviate
hepatic inflammation; and (5) less than three normal
ALT values taken prior to the biopsy. The clinical data
from these participants were given new numbers and
anonymized before analysis. All data were provided
separately as Supporting Information.

necroinflammatory scores were considered insignificant,
while moderate and severe scores were considered
significant. Knodell fibrosis scores were also classified
into four categories as follows: Minimal (0), mild (1),
moderate (2), and severe (3). Minimal and mild fibrosis
scores were considered insignificant, while moderate and
severe scores were considered significant.

LSM

LSM was assessed using transient elastography (Fibro
Scan502, Echosens, Paris, France) with the 3.5-MHz
standard probe by the same operator (experience,
> 10000 measurements) who was blinded to the other
parameters of the patients, as previously described. The
examination was performed with the patient lying in the
dorsal decubitus position, with the right arm in maximal
abduction. The tip of the probe transducer was placed
on the skin, between the ribs at the level of the right
lobe of the liver. The results are expressed in kPa, and
each LSM corresponded to the median of 10 validated
measurements.

Statistical analysis

Results are presented as median (range) or mean ±
SD as appropriate. Data on demographic and clinical
features of the CHB patients were analyzed using
Statistical Package for the Social Sciences (SPSS) version
21.0 (SPSS Inc, Chicago, IL, United States). Statistical
2
analyses were performed using χ and Fisher exact tests
for categorical variables. The Student’s t-test or one-way
analysis of variance was used for group comparisons of
parametric quantitative data. The equations for the two
noninvasive markers analyzed were as follows: FIB-4
= (Age × AST)/(PLT × ALT1/2) and APRI = (AST/ULN)
× 100/PLT. The receiver-operating characteristic (ROC)
curves were used to calculate the cutoff values of FIB-4,
APRI, and LSM. The ROC analysis was performed using
MedCalc software version 10.4.7.0 (MedCalc, Mariakerke,
Belgium). All P-values were two-sided.

Biochemical and serologic tests

Biochemical tests and complete blood cell counts were
performed using routine automated analyzers. The
upper limit of normal value (ULN) of ALT level was
40 IU/L. HBsAg, HBeAg, and anti-HBe levels were
assayed with commercially available enzyme-linked
immunosorbent assay (ELISA) kits. HBV DNA level was
measured using real-time polymerase chain reaction
(PCR), with a lower detection limit of 1000 copies/mL
(DaAn Gene Co, China).

Genotyping by multiplex PCR

RESULTS

Genotyping was performed using multiplex PCR with
[20]
specific primers for each genotype (A-F) of HBV .

Clinical and pathological characteristics of CHB patients
with different levels of ALT

LB and histological assessment

Table 1 shows that among 245 cases of CHB, 95 were
in the PNALT group, 86 in the PIALT1 group (ALT within
1-2 × ULN), and 64 in the PIALT2 group (ALT > 2 ×
ULN). Body mass index (BMI), platelet count (PLT),
prothrombin activity (PTA), ALT and AST (aspiration
aminotransferase), serum albumin, E antigen status
(positive or negative), HBsAg level, and HBV DNA
expression level (≥ 3, < 5 and ≥ 5) were analyzed.
We found that the differences in age, ALT, AST, PLT,
and other factors were statistically significant (P < 0.05)
between the PNALT and PIALT groups. No significant
differences were found in E antigen status, HBsAg
level, and HBV DNA. The pathological examination
revealed moderate inflammatory necrosis ratios of

Liver biopsies were obtained using a 16-G core aspiration
needle, a biopsy length of at least 1.5 cm, and six
portal tracts or more. Biopsies were fixed, paraffinembedded, and stained with hematoxylin and eosin
for morphological evaluation and Masson’s trichrome
stain for the assessment of fibrosis. The pathologist
who reviewed all biopsy specimens was blinded to the
biochemical and virological results of the patients, the
amount of necrosis and inflammation, and the degree
[21]
of fibrosis according to the Knodell scoring system .
Knodell necroinflammatory scores were classified into
four categories as follows: Minimal (0-3), mild (4-6),
[22]
moderate (7-9), and severe (10-14) . Minimal and mild
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Table 1 Demographic and clinical characteristics of chronic hepatitis B patients n (%)
Characteristic
Age (yr)
Sex
Male
Female
BMI
PLT (× 109/L)
PTA (%)
ALB (g/L)
ALT (U/L)
AST (U/L)
APRI
FIB-4
FibroScan (kPa)
HBsAg [lg (IU/L)]
HBV DNA [lg (IU/mL)]
≥ 3, < 5
≥5
E antigen
Positive
Negative
Necroinflammatory score
Minimal
Mild
Moderate
Severe
Fibrosis score
Minimal
Mild
Moderate
Severe

PNALT (n = 95)

PIALT1 (n = 86)

PIALT2 (n = 64)

Statistic

P value

34.5 ± 11.2

34.2 ± 12.5

36.5 ± 13.5

5.423

0.0211

70 (73.7)
25 (26.3)
23.4 ± 2.65
200.1 ± 60.3
99.6 ± 6.7
41.3 ± 3.4
21.4 ± 4.3
22.6 ±6.8
0.32 ± 0.14
0.72 ± 0.36
5.33± 2.45
4.41 ± 0.73
6.78 ± 2.13
15 (15.8)
80 (84.2)

58 (67.4)
28 (32.6)
24.0 ± 3.6
196.8 ± 65.4
99.6 ± 8.7
41.6 ± 3.7
56.2 ± 19.4
55.4 ± 16.6
0.61 ± 0.44
1.12 ± 0.53
7.36 ± 3.14
4.53 ± 0.88
6.53 ± 2.43
11 (12.8)
75 (87.2)

46 (71.9)
18 (28.1)
24.25 ± 3.37
186.5 ± 74.5
102.3 ± 10.3
42.4 ± 4.1
113.6 ± 55.3
124.5 ± 57.6
1.25 ± 0.62
1.67 ± 0.84
10.22 ± 5.53
4.38 ± 0.64
6.42 ± 2.54
10 (15.6)
54 (84.4)

0.885

0.6422

1.231
6.364
0.674
1.536
25.754
31.644
284.92
56.37
46.34
0.743
0.864
0.384

0.5431
0.0181
0.7741
0.5431
< 0.0011
< 0.0011
< 0.0011
< 0.0011
< 0.0011
0.437
0.2541
0.8252

42 (44.2)
53 (55.8)
2.21 ± 2.14
35 (32.4)
44 (38)
15 (15.8)
1 (0.9)
1.53 ± 0.46
32 (33.7)
40 (42.1)
21 (22.1)
2 (2.1)

31 (36)
55 (64)
3.47 ± 3.64
20 (23.3)
38 (44.2)
26 (30.2)
2 (2.3)
2.38 ± 1.27
18 (20.9)
40 (51.2)
24 (27.9)
5 (5.8)

29 (45.3)
35 (54.7)
4.74 ± 3.65
8 (12.5)
27 (42.4)
22 (34.4)
7 (10.9)
2.85 ± 1.75
13 (20.3)
23 (35.9)
21 (32.8)
7 (10.9)

1.78

0.4112

23.43
18.69

0.001
0.005

15.237
13.275

0.0051
0.0352

1

One-way analysis of variance; 2Pearson χ 2. APRI = [AST (U/L)/ULN × 100/PLT (109/L)]; FIB-4 = [age (yr) × AST (U/L)]/[PLT (109/L) × (ALT U/L)1/2].

Diagnostic value of FIB-4 in the three groups of CHB

16.81% (16/95), 32.56% (28/86), and 45.31%
(28/64), and moderate liver fibrosis of 24.2% (23/95),
33.72% (29/86), and 43.75% (28/64) in the PNALT,
PIALT1, and PIALT2 groups, respectively. The degrees
of inflammation and liver fibrosis in the PIALT groups
were significantly higher than those in the PNALT group
(P < 0.05).

We considered hepatic fibrosis (insignificant/significant)
as a categorical variable and FIB-4 as a variable to test
the AUC of FIB-4 in the PNALT, PIALT1, and PIALT2
groups and in all the patients. The AUC of FIB-4 was
0.597 in the PNALT group (95%CI: 0.492-0.697;
specificity, 68.1%; sensitivity, 52.2%; cutoff value,
0.698; P = 0.152), 0.642 in the PNALT1 group (95%CI:
0.531-0.742; specificity, 67.9%; sensitivity, 56.9%;
cutoff value, 1.174; P = 0.021), 0.667 in the PNALT2
group (95%CI: 0.538-0.780; specificity, 52.8%;
sensitivity, 78.7%; cutoff value, 1.46; P = 0.015),
and 0.659 for all the patients (95%CI: 0.596-0.718;
specificity, 66.8%; sensitivity, 74.2%; cutoff value,
0.96; P < 0.001). FIB-4 showed a high diagnostic value
for hepatic fibrosis in CHB patients with abnormal ALT
levels in comparison with those with normal ALT levels
(Figure 2).

Diagnostic value of APRI in the three groups of CHB

We considered hepatic fibrosis (insignificant/signi
ficant) as a categorical variable and APRI as a variable
to test the AUC of APRI in the PNALT, PIALT1, and
PIALT2 groups and in all the patients. The AUC of APRI
was 0.518 in the PNALT group (95%CI: 0.414-0.622;
specificity, 43.1%; sensitivity, 69.6%; cutoff value,
0.202; P = 0.7852), 0.659 in the PNALT1 group
(95%CI: 0.548-0.757; specificity, 34.5%; sensitivity,
82.4%; cutoff value, 0.524; P = 0.011), 0.735 in
the PNALT2 group (95%CI: 0.609-0.837; specificity,
83.7%; sensitivity, 85.7%; cutoff value, 1.26; P
< 0.001), and 0.65 for all the patients (95%CI:
0.587-0.710; specificity, 88.5%; sensitivity, 54.4%;
cutoff value, 1.15; P < 0.001). APRI showed a high
diagnostic value for hepatic fibrosis in CHB patients
with abnormal ALT levels in comparison with those
with normal ALT levels (Figure 1).
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Diagnostic value of LSM in the three groups of CHB

We considered hepatic fibrosis (insignificant/significant)
as a categorical variable and LSM as a variable to test
the AUC of LSM in the PNALT, PIALT1, and PIALT2
groups and in all the patients. The AUC of LSM was
0.769 in the PNALT group (95%CI: 0.009-0.879;
95%CI: 0.709-0.850; specificity, 79.2%; sensitivity,
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Figure 1 Diagnostic value of aspartate aminotransferase-to-platelet ratio index in different groups of chronic hepatitis B patients. PNALT: Persistently
normal alanine transaminase; APRI: Aspartate aminotransferase-to-platelet ratio index; AUC: Areas under the curve.
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Figure 2 Diagnostic value of FIB-4 in different groups of chronic hepatitis B patients. PNALT: Persistently normal alanine transaminase; AUC: Areas under the
curve.
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Figure 3 Diagnostic value of liver stiffness measurement in different groups of chronic hepatitis B patients. PNALT: Persistently normal alanine transaminase;
LSM: Liver stiffness measurement; AUC: Areas under the curve.

Table 2 Pairwise comparisons of receiver-operating characteristic curves

APRI vs FIB-4
Difference between areas
Standard error
95%CI
z statistic
P value
APRI vs LSM
Difference between areas
Standard error
95%CI
z statistic
P value
FIB 4 vs LSM
Difference between areas
Standard error
95%CI
z statistic
P value

PNALT

PIALT1

PIALT2

All patients

0.0628
0.0557
-0.046 to 0.172
1.129
0.2588

0.0169
0.0699
-0.120 to 0.154
0.242
0.8087

0.068
0.0738
-0.077 to 0.213
0.921
0.3569

0.00904
0.0245
-0.039 to 0.057
0.369
0.712

0.256
0.104
0.0525-0.459
2.465
0.0137

0.124
0.0896
-0.0511 to 0.30
1.389
0.1649

0.0263
0.0882
-0.147 to 0.19
0.298
0.7655

0.111
0.0518
0.00909-0.212
2.135
0.0327

0.193
0.106
-0.014 to 0.400
1.829
0.0374

0.141
0.0938
-0.0425 to 0.325
1.507
0.1318

0.0417
0.0957
-0.146 to 0.229
0.435
0.663

0.102
0.0531
-0.00246 to 0.206
1.914
0.0557

70.1%; cutoff value, 7.3; P < 0.001), 0.800 in the
PNALT1 group (95%CI: 0.700-0.879; specificity, 72.4%;
sensitivity, 82.7%; cutoff value, 7.5; P < 0.001), 0.708
in the PNALT2 group (95%CI: 0.581-0.815; specificity,
72.7%; sensitivity, 67.9%; cutoff value, 8.5; P = 0.017),
and 0.763 for all the patients (95%CI: 0.596-0.718;
specificity, 78.2%; sensitivity, 70.1%; cutoff value, 7.5;
P < 0.001). LSM showed a high diagnostic value for
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the three groups of CHB, although the sensitivity
and specificity in the PNALT2 showed a downward
trend (Figure 3).

Comparison of the diagnostic value of the three
noninvasive liver fibrosis markers in CHB

As shown in Table 2 and Figure 4, there was no significant
difference in the AUCs between APRI and FIB-4 in the
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Figure 4 Comparison of the diagnostic value of the three noninvasive liver fibrosis markers in different groups of chronic hepatitis B patients. APRI:
Aspartate aminotransferase-to-platelet ratio index; FIB-4: Fibrosis-4; LSM: Liver stiffness measurement.

PNALT group; however, significant differences were found
between APRI and LSM, and between FIB-4 and LSM in
the PNALT group (P < 0.05 for both). In the PIALT1 and
PIALT2 groups, no significant difference (P > 0.05) was
found in AUCs for all comparisons (P > 0.05 for all). In
the overall patients, a significant difference in the AUCs
was found only between LSM and APRI (P < 0.05).

advantages and disadvantages, they have not completely
replaced LB. However, new techniques and methods
have become greatly improved. Among the noninvasive
tests developed are FIB-4, APRI, and LSM; previous
studies have shown these noninvasive markers and
techniques to be strong predictors of liver fibrosis.
A multicenter, retrospective study reported that
the AUCs of APRI were 0.72, 0.812, and 0.707 in CHB
[24]
patients with F2, F3, and F4 fibrosis, respectively . The
AUCs of APRI were 0.65, 0.659, and 0.735 in our PNALT,
PIALT1, and PIALT2 CHB patients, respectively. These
results showed that the diagnostic value of APRI in the
CHB patients with elevated ALT levels was better than
that in the CHB patients with normal ALT. APRI is the
ratio of AST to PLT, and elevated AST levels has a higher
APRI value and thus is more likely to distinguish patient
groups with different AST levels.
In a study of 388 cases of cirrhosis of varied severity
assessed using APRI and FIB-4, the AUCs were 0.68
[25]
(95%CI: 0.63-0.74) and 0.73 (95%CI: 0.68-0.78) ,
respectively. In our study, the AUC of FIB-4 was 0.597
for PNALT, 0.642 for PNALT1, and 0.667 for PNALT2.
The diagnostic value of FIB-4 in the CHB patients with
elevated ALT levels was better than that in the CHB
patients with normal ALT levels and APRI.
We detected LSM by FibroScan in the CHB patients,
with an AUC of 0.769 for PNALT, 0.800 for PIALT1, 0.708
for PIALT2, and 0.763 for all the patients. LSM showed

DISCUSSION
Hepatic fibrosis is a compensatory repair process
associated with inflammation and necrosis of the
liver. Therefore, 25% to 40% of liver fibrosis cases
will eventually progress to cirrhosis and even liver
cancer. Early liver fibrosis can be reversed after correct
treatment; thus, early diagnosis of liver fibrosis will be
beneficial to the treatment of CHB.
LB is still the gold standard for assessment of liver
fibrosis in CHB, although it is invasive, expensive, and
associated with risk of complications and poor patient
compliance, and of subjective differences in pathologists.
The accuracy of the pathological diagnosis of liver fibrosis
can only be approximately 90% and even reported
[23]
to be < 80% . Therefore, noninvasive diagnostic
markers for liver fibrosis have been developed, such
as serum markers and models, imaging, transient liver
hardness, and other noninvasive techniques. Although
these noninvasive diagnostic methods have their own
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used in the diagnosis of chronic liver fibrosis. However, the diagnostic value of
FIB-4, APRI, and LSM in patients with HBV infection with PNALT is not clear.

a good diagnostic value for the three groups of CHB
patients. Furthermore, the diagnostic value of LSM in
the high ALT group was not as good as that in the PNALT
group, and the sensitivity and specificity in the PNALT2
group even had a downward trend. In a report on
[26]
FibroScan in China , the AUCs were 0.916 and 0.971
for the diagnosis of ≥ F2 liver fibrosis (F0-1 vs F2-4)
and cirrhosis (F = 4, F0-3 vs F4), and the sensitivity
and accuracy in the ALT level ≥ 2 × ULN group were
significantly lower than those in the other lower-level
ALT groups. The reason is that LSM is susceptible to
[27,28]
[29,30]
liver inflammation
and cholestasis
.
We compared the three noninvasive methods for
the diagnosis of hepatic fibrosis. The results showed
that the AUC differences between LSM and APRI, and
between LSM and FIB-4 were statistically significant
in the PNALT group (P < 0.05 for both), but not in the
PIALT1 and PIALT2 groups (P > 0.05 for all). For all
the patients, we found that the AUC difference was
statistically significant only between LSM and APRI (P <
0.05).
In a previous report from South Korea, the diagnostic
value of LSM for hepatic fibrosis was compared with
that of APRI. The results suggested that LSM is superior
to APRI in 916 patients with CHB (AUC: 0.774 vs 0.72
for ≥ F2, 0.849 vs 0.812 for ≥ F3, and 0.902 vs 0.707
[24]
for F4; all P < 0.05) . Another report revealed that
LSM was better than APRI and FIB-4 when the LSM
cutoff value was > 13.6 kPa for the diagnosis of portal
[31]
hypertension in cirrhosis patients .
In conclusion, we evaluated three common nonin
vasive hepatic fibrosis techniques in CHB patients with
different ALT levels. The results showed that APRI and
FIB-4 are not the ideal noninvasive hepatic fibrosis
markers in the PNALT patients and that APRI and FIB-4
established according to the common blood biochemical
indicators are more suitable for active CHB. LSM,
which determines liver hardness for assessment of the
degree of liver fibrosis, is superior to APRI and FIB-4
in patients with PNALT because of the influence of liver
inflammation and necrosis.

Innovations and breakthroughs

The authors evaluated three common noninvasive hepatic fibrosis markers in
CHB patients with different ALT levels. The results showed that APRI and FIB-4
are not the ideal noninvasive hepatic fibrosis markers for PNALT patients. LSM
is superior to APRI and FIB-4 in PNALT patients because of the influence of
liver inflammation and necrosis.

Applications

Noninvasive markers such as FIB-4, APRI and liver stiffness measurement for
evaluating fibrosis in patients with chronic HBV infection.

Terminology

PNALT means patients with hepatitis B virus infection who have persistently
normal alanine transaminase.

Peer-review

The manuscript is well written and the numerical simulations are well
performed.
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Abstract
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AIM
To evaluate factors that influence the diagnostic
accuracy of endoscopic ultrasound (EUS)-guided tissue
acquisition for lymph node enlargement in the absence
of an on-site pathologist.

Conflict-of-interest statement: We have no financial relation
ships to disclose.

METHODS
A retrospective analysis of patients who underwent
EUS-guided tissue acquisition for the pathological
diagnosis of lymph node enlargement between April

Data sharing statement: There are no additional data available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
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such as computer-aided tomography (CT) scanning
and magnetic resonance imaging (MRI), has led to
increased detection rates of enlarged mediastinal
and intra-abdominal lymph nodes. When no primary
malignant lesion is evident, the differential diagnosis
of these enlarged lymph nodes can be difficult.
Open thoracic surgery, laparotomy or other surgical
procedures such as mediastinoscopy or laparoscopy
are often required in this setting. However, these
[1]
procedures are invasive and not cost-effective .
Endoscopic ultrasound (EUS)-guided tissue acqui
sition with either fine-needle aspiration (FNA) or
fine-needle biopsy (FNB) is an essential tool used to
facilitate the diagnosis of periluminal lymphadenopathy
adjacent to the gastrointestinal tract, particularly
[2,3]
around the esophagus, stomach, and duodenum .
This is pivotal in patient care because malignant
nodal disease will alter prognosis and overall disease
management, requiring neoadjuvant therapy or a shift
[4]
from futile curative treatment to palliative treatment .
In contrast, the diagnosis of non-malignant conditions,
such as tuberculosis (TB) or sarcoidosis, not only guides
the appropriate treatment but also reduces patient
[5-8]
anxiety .
In the context of EUS-guided FNA and/or FNB,
the presence of an on-site pathological evaluation
during the procedure is very useful. Several studies
have demonstrated the positive impact of such
evaluations on the diagnostic yield of EUS-guided tissue
[9-12]
acquisition
, although not all centers are able to
perform on-site evaluations due to costs and/or logistic
issues. However, other factors have been identified to
influence the accuracy of EUS-guided tissue acquisition,
such the characteristics of the target lesion, the
[13]
number of needle passes and the needle size . In this
retrospective analysis, we aimed to evaluate the factors
that might influence the diagnostic accuracy of EUSguided tissue acquisition of lymph node enlargement in
the absence of an on-site cytopathological evaluation.

2012 and June 2015 is reported. Tissue acquisition was
performed with both cytology and biopsy needles of
different calibers. The variables evaluated were lymph
node location and size, number of passes and type
of needle used. Final diagnosis was based on surgical
histopathology or, in non-operated cases, on EUSguided tissue acquisition and imaging assessment with
a minimum clinical follow-up of 6 mo.
RESULTS
During the study period, 168 lymph nodes with a
median size of 20.3 mm (range 12.5-27) were sampled
from 152 patients. Ninety lymph nodes (53.6%)
were located at mediastinum, and 105 (62.5%) were
acquired with biopsy needles. The final diagnosis was
benign/reactive origin in 87 cases (51.8%), malignant
in 65 cases (38.7%), and lymphoma in 16 cases
(9.5%). The sensitivity, specificity, positive predictive
value and negative predictive value for the detection
of malignancy were 74.1%, 100%, 100% and 80.6%,
respectively. The overall accuracy was 87.5% (95%CI:
81.7-91.7). No variables were independently associated
with a correct final diagnosis according to the multi
variate analysis.
CONCLUSION
EUS-guided tissue acquisition is a highly accurate
technique for assessing lymph node enlargement.
None of the variables evaluated were associated with
diagnostic accuracy.
Key words: Lymph node; Endoscopic ultrasound; Fineneedle aspiration; Fine-needle biopsy; Accuracy
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study shows that the accuracy of
endoscopic ultrasound-guided tissue acquisition in
enlarged lymph nodes is not affected by the type of
needle used, the number of needle passes, or the
location or characteristics of the enlarged lymph nodes.
Histological specimens are essential for establishing
the diagnosis of lymphoproliferative disease. Employing
complementary imaging techniques, such as contrast
enhancement and elastography, might help improve
the diagnostic yield.

MATERIALS AND METHODS
Design

We conducted a retrospective analysis of a pro
spectively maintained endoscopy database with
a specific EUS registry of a single tertiary referral
hospital. The study was approved by the local ethics
committee and was conducted in accordance with the
Declaration of Helsinki and its amendments as well as
Good Clinical Practice guidelines.

Chin YK, Iglesias-Garcia J, de la Iglesia D, Lariño-Noia J,
Abdulkader-Nallib I, Lázare H, Rebolledo Olmedo S, DominguezMuñoz JE. Accuracy of endoscopic ultrasound-guided tissue
acquisition in the evaluation of lymph node enlargement in the
absence of an on-site pathologist. World J Gastroenterol 2017;
23(31): 5755-5763 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i31/5755.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i31.5755

Patient characteristics

Consecutive patients who were referred for EUSguided tissue acquisition of enlarged lymph nodes
between April 2012 and June 2015 and who required
a cytopathological evaluation were included in the
analysis. We excluded patients whose information
regarding the procedure was not complete or only
partially available and those who were lost to follow-

INTRODUCTION
The advent of advanced diagnostic imaging modalities,
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Figure 1 Endoscopic ultrasound-guided fine-needle biopsy of an intraabdominal lymph node. The needle and needle tip are clearly visible inside
the targeted lymph node.

Figure 2 Example of a core sample obtained with endoscopic ultrasoundguided tissue acquisition using a biopsy needle.

until whitish material became macroscopically visible
but was limited to a maximum of five passes if no
material was obtained. All procedures were performed
in the absence of an on-site pathologist. After the
samples were processed, they were embedded in
paraffin. Tissue sections of 3 to 4 µm were stained
with hematoxylin-eosin for morphological evaluation
and/or different immunohistochemical analysis (Figure
3). If the pathologists were unable to obtain a core
for histological evaluation, they processed the same
material as a cell block for cytological evaluation.
The procedure was performed on an outpatient
basis, unless the patient had been hospitalized for other
medical conditions. The outpatients were observed for
immediate adverse events in the recovery room for 2
h before being discharged from the unit. Outpatients
were also ambulatorily monitored for a minimum of 48
h for the detection of further complications. All adverse
events were documented.

up and for whom sufficient information to establish the
final diagnosis of the lymph nodes was unavailable.

Technical procedures

All EUS-guided tissue acquisition procedures were
performed by two experienced operators (IglesiasGarcia J and Lariño-Noia J), each of whom had per
formed more than 1000 EUS-guided tissue acquisitions.
All patients received conscious sedation. The
procedures were performed using Pentax curvilinear
array echoendoscopes (EG-3870UTK and EG-3270UK)
and a HITACHI ultrasound device. The needles used
included 19-G, 22-G and 25-G cytology and histology
TM
needles (Echotip Ultra and Echotip Procore ; CookMedical, Winston-Salem, NC, United States, and
TM
TM
Expect Slimline, Boston Scientific) and 20-G Procore
histology needles (Cook-Medical, Winston-Salem). The
selection of the needle was at the endosonographer’
s discretion. All procedures were performed by first
localizing the lymph node using an electronic curvilinear
array echoendoscope and confirming the absence
of intervening vessels via color flow and/or fine flow
Doppler. A stylet was routinely used when puncturing
the lymph node. Prior to puncturing the lymph node,
the stylet was withdrawn 1 cm when using cytology
needles; no adjustment of the stylet was required when
TM
using Procore needles. Once the needle was within
the lesion (Figure 1), the stylet was advanced to the tip
of the needle to expel any mucosal tissue from the gut
wall and then removed. A 10-mL syringe was attached
to the hub of the needle, and negative suction was
then applied. Five to 10 to-and-fro movements were
made within the lymph node in a fanning approach.
Finally, the needle was withdrawn into the sheath,
and the entire system was then withdrawn from the
biopsy channel. The specimen was expelled into a tube
containing a cytological solution (ThinPrep®; Cytyc Co.,
Marlborough, MA, United States) (Figure 2). Further
needle passes were performed at the discretion of the
endosonographer after gross visual assessment of the
initial specimen. The puncture procedure was repeated

WJG|www.wjgnet.com

Gold standard

The final diagnosis was made according to one of the
following reference methods: (1) definite benign or
malignant histological diagnosis based on surgical
resection of specimens from operated patients; (2)
cytology or histology findings with definite proof of
malignancy in patients with unresectable lesions
according to EUS, multidetector CT scan and/or
PET scan findings and compatible clinical follow-up;
or (3) cytology or histology findings without proof
of malignancy and compatible imaging evaluation,
including EUS multidetector CT scan and/or PET scan
and a minimum clinical follow-up time of 12 mo.
In patients with a high probability of an inflam
matory disorder (such as sarcoidosis), the detection of
specific types of granulomas was considered diagnostic
of benign disease, but in patients suspected of disse
minated malignancy, the detection of granulomas was
considered a true negative for malignancy. Inconclusive
or benign cytology was considered a false negative if
further diagnostic workup or clinical follow-up showed
signs positive for malignancy. Negative cytology was
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A

B

C

Figure 3 Small cell carcinoma from an fine-needle aspiration subcarinal lymph node (cell block). A: Note the small cell neoplastic population with
hyperchromatic nuclei, scant cytoplasm and absent nucleoli; B: Nuclear positivity for TTF-1; C: Cytoplasmic positivity for synaptophysin.

Table 1 Demographics and lymph node characteristics by location n (%)
Characteristics
Size (mm), mean ± SD
Histology needle
19-G
20-G
22-G
25-G
Cytology needle
19-G
22-G
25-G
No. of passes (median, range)

Total (n = 168)

Abdominal (n = 78)

Mediastinal (n = 90)

P value

20.3 ± 9.9
105 (61.3)
17 (10.1)
7 (4.2)
48 (28.6)
33 (19.6)
63 (38.7)
4 (2.4)
30 (17.9)
29 (17.3)
214

19.3 ± 9.0
48 (61.5)
5 (6.4)
3 (3.9)
23 (29.5)
17 (21.8)
30 (38.5)
14 (18.0)
16 (20.5)
99 (11, 4)

21.4 ± 18.4
57 (61.1)
12 (13.3)
4 (4.4)
25 (27.8)
16 (17.8)
33 (38.9)
4 (5.6)
16 (17.8)
13 (14.4)
115 (1, 1-3)

0.280
0.955

during the study period. Of these, 152 patients
fulfilled the inclusion and exclusion criteria. A total
of 168 EUS-guided tissue acquisitions of lymph
nodes were performed (Figure 4), and 117 (69.6%)
and 35 (30.4%) of these were males and females,
respectively. Eight patients had two lymph nodes
sampled from different sites. The mean age of the
patients was 63.8 ± 15 years. Ninety (53.6%) cases
presented enlarged mediastinal lymph nodes, and in
78 cases (46.4%), the enlarged lymph nodes were
located in the intra-abdominal region. The mean size
of the enlarged lymph nodes was 20.3 ± 9.9 mm.
EUS biopsy needles were used in 105 (62.5%)
of the procedures, whereas cytology needles were
used in only 63 cases (37.5%). The distribution of the
needles used is shown in Table 1. A total of 214 needle
passes were performed, with a median number of 1
(range of 1 to 4). Of these, 115 were performed on
mediastinal lymph nodes, and 99 were performed on
intra-abdominal lymph nodes (Table 1). There were no
adverse events reported (0%).
The final diagnosis was established based on
surgical specimen evaluations for three cases (1.8%)
and on the results of EUS-guided tissue acquisition
and follow-up for the remaining 165 cases (98.2%).
According to the defined gold standard, 87 (51.8%)
cases were benign, and 81 (48.2%) were malignant.
According to the EUS-guided tissue acquisition patho
logical results, 108 lymph nodes were considered

considered a true negative when histology did not
show any abnormality or when imaging studies during
follow-up showed spontaneous resolution or lack of
progression of the lymph nodes under evaluation.

Statistical analysis

The statistical analysis was performed with SATA
version 13. Categorical variables are presented as
numbers (percentages). Continuous variables are
presented as the means ± SDs. The number of
needle passes is presented as the median (range). A
multivariate logistic regression analysis was performed
to identify the variables (lymph node location and size,
needle type and number of needle passes) that affect
the diagnostic yield. Performance characteristics of the
EUS-guided tissue acquisition, including the sensitivity,
specificity, positive predictive value (PPV), negative
predictive value (NPV), and diagnostic accuracy,
were calculated. These values were determined by
comparing the EUS-guided tissue acquisition results
with the final diagnosis of the lesions based on the
abovementioned criteria. Accuracy was defined as
the ratio of the sum of true positive and true negative
values divided by the number of lesions. P < 0.05 was
considered statistically significant.

RESULTS
A total of 5184 EUS examinations were performed
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EUS examination performed
between April 2012 to June
2015 (n = 5184)

1

EUS FNA/FNB in all lesion
(n = 746)

Excluded other lesions
Pancreatobiliary lesions
Hepatic lesions
Adrenal masses
Subepithelial lesions
(n = 571)

EUS FNA/FNB of lymph nodes
(n = 175)

Excluded case
2
performed with ROSE
(n = 7)
EUS FNA/FNB of lymph nodes
without ROSE
(n = 168)

Intra-abdominal lymph nodes
(n = 78)

Mediastinal lymph nodes
(n = 90)

Figure 4 Flow chart of the selection of endoscopic ultrasound-guided tissue acquisition cases. 1Fine-needle aspiration/biopsy; 2Rapid on-site evaluation. EUS:
endoscopic ultrasound; FNA: Fine-needle aspiration; FNB: Fine-needle biopsy.

Table 3 Accuracy of endoscopic ultrasound fine-needle
aspiration/fine-needle biopsy for diagnosis of malignancy

Table 2 Endoscopic ultrasound fine-needle aspiration/fineneedle biopsy diagnoses and final diagnoses in 168 lymph
nodes n (%)

Overall (n = 168)
Metastasis
Carcinoma
Neuroendocrine
Melanoma
Benign/reactive
Granulomatous
Unspecific reactive
Lymphoma

EUS FNA/FNB diagnoses

Final diagnoses

51 (30.3)
2 (1.2)
1 (0.6)

62 (36.9)
2 (1.2)
1 (0.6)

8 (4.8)
100 (59.5)
6 (3.6)

21 (12.5)
66 (39.3)
16 (9.5)

Sensitivity
Specificity
Positive predictive value
Negative predictive value
Accuracy

95%CI

74.1%
100%
100%
80.6%
87.5%

63.6-82.4
95.8-100
94.0-100
72.1-86.9
81.7-91.7

between lymph node size and diagnostic accuracy. The
presence of larger lymph nodes was not associated with
better accuracy. The subgroup analysis of the needles
used for the procedure also revealed no significant
correlation with diagnostic accuracy (Table 4).

EUS: Endoscopic ultrasound; FNA: Fine-needle aspiration; FNB: Fineneedle biopsy.

benign (inflammatory, granulomatous), and 60 were
considered malignant (carcinoma, neuroendocrine
tumor (NET), melanoma and lymphoma) (Table 2). The
sensitivity, specificity, PPV and NPV for the detection
of malignancy were 74.1%, 100%, 100% and 80.6%,
respectively. The overall accuracy was 87.5% (95%CI:
81.7-91.7) (Table 3).
The analysis of factors that might influence the
diagnostic outcome of EUS-guided tissue acquisition
techniques revealed that none of these factors demon
strated a significant effect. There was no correlation
between the number of needle passes and the
diagnostic accuracy. Only one case required four
passes to procure sufficient material for pathological
assessment. There was also no significant association

WJG|www.wjgnet.com

Estimate (%)

DISCUSSION
The results of this study demonstrate that EUS-guided
tissue acquisition has a high rate of clinical success and
diagnostic accuracy in sampling tissue from enlarged
mediastinal and intra-abdominal lymph nodes. EUS
has the ability to identify and sample even small lymph
nodes just a few millimeters in size. We did not identify
any specific factor related to the procedure that
affected the final diagnostic accuracy of the procedure
(lymph node size and location, number of passes and/
or needle type and size). In this large series of cases,
no adverse events were reported, highlighting the
safety of this technique.
When enlarged lymph nodes are detected based on
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Table 4 Analysis of factors associated with the diagnostic accuracy of endoscopic ultrasound fine-needle aspiration/fine-needle biopsy
Variable
Mediastinal location
Histology needle
No. of passes
Size

P value

OR (95%CI)
1.05 (0.42-2.64)
1.02 (0.40-2.64)
0.58 (0.27-1.24)
0.98 (0.93-1.03)

0.907
0.952
0.161
0.383

different imaging techniques, such as MRI, CT scan or
even EUS, there is often a need for these lesions to be
further characterized to facilitate patient management.
Malignant morphological predictors on EUS for lymph
nodes include a rounded shape, size greater than
10 mm, hypoechoic echotexture and well-defined
margins. If a lymph node exhibits all four features, the
accuracy of malignant diagnosis ranges from 80% to
[14,15]
100%
. However, only 25% of malignant lymph
[16]
nodes present all four features , and benign lymph
nodes can also fulfill these criteria. Hence, tissue
sampling from enlarged lymph nodes is important for
obtaining a pathological diagnosis, thus optimizing and
determining patient treatment. Previous studies have
shown that the use of EUS-guided tissue acquisition
greatly increases the diagnostic yield and accuracy
[2,3,14,17,18]
with a good safety profile
. In fact, no adverse
events were observed in our study. This low rate of
complications could be related to the high spatial
resolution of EUS and the short needle tract used to
access the target lesions. EUS allows the presence of
interposed vessels to be identified, allowing them to be
avoided during the process of tissue acquisition. Since
[19]
the first report of EUS-FNA in 1992 , there have
been significant advances in both the techniques and
equipment used for tissue sampling.
Another important finding of our study was that
few needle passes (1-2) were needed to obtain
sufficient material for the pathological assessment
in the absence of on-site pathological evaluation.
This observation could be related to needle selection
because the majority of the samples included in our
study were acquired with biopsy needles (61.3%),
although the choice of needle was not significant. A
plausible explanation is the ability of biopsy needles to
procure a larger amount of specimen with preserved
cellular architecture, which is crucial for certain
diagnoses, such as lymphoproliferative diseases and
[20]
some inflammatory conditions . Our findings are
in agreement with previous studies that achieved
[21,22]
adequate specimens in one to two needle passes
.
[23]
In contrast to our study, LeBlanc et al
suggested
a maximum of five needle passes for achieving
sufficient sample because further needle passes did
not increase the diagnostic sensitivity. Despite the
preferential use of biopsy needles, the diagnostic
accuracy for lymphoproliferative disease in our study
cohort was suboptimal. This result could have been
related to the procurement of a non-diagnostic part of
the lymph node, e.g., the necrotic portion. Evidence
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OR (95%CI)
0.93 (0.30-2.92)
1.01 (0.31-3.31)
1.54 (0.41-5.80)
0.98 (0.93-1.03)

P value
0.900
0.993
0.522
0.411

suggests that employing complementary tools, such
as contrast-enhanced EUS or EUS elastography, might
help in guiding to the area for tissue procurement, thus
[24,25]
improving the diagnostic yield
. However, further
studies are required to validate the benefits of these
advanced imaging techniques associated with EUS.
In our series, suction was used as a standard in all
cases. Whether the application of suction during EUSguided tissue acquisition could have contributed to the
overall results was not evaluated in the current study.
However, previous studies published in the literature
have shown that the application of suction does not
affect the diagnostic accuracy but is associated with
[26-29]
bloody contamination of the specimens
.
In our study, intrinsic (size and location of the
enlarged lymph nodes) and extrinsic factors (type or
size of the needle and number of needle passes) had
no bearing on the diagnostic yield of EUS-guided tissue
acquisition. A possible explanation for these findings
could be that the procedure is highly dependent on
the operator. The endosonographers (Iglesias-Garcia
J and Lariño-Noia J) who performed the procedures
in this study were very experienced operators,
and their technique could have contributed to the
diagnostic yield. In addition, a high level of expertise
in the interpretation of the acquired specimens is
a key element in the diagnostic success of EUSguided tissue acquisition. In our center, a dedicated
cytopathologist examined all specimens from the EUSguided tissue acquisition, which were dispatched to the
ThinPrep laboratory (Cytyc Co, Marlborough, MA, United
States). Liquid-based cytology has the advantage of a
monolayer cell dispersion, avoiding the contamination
of samples by mucus and blood and ensuring con
sistent cell preparation without artifacts. Whether the
methods used for processing the specimens could
have influenced the diagnostic yield remains to be
determined.
There were 21 (19.4%) false-negative results.
Sampling error might explain the relatively low sen
sitivity (74.1%). This was especially true for the
presence of multiple enlarged lymph nodes; even
given the efforts that were taken to target the most
“malignant appearing” lymph node based on EUS
features, the diagnostic yield was still suboptimal.
This finding is in accordance with previous studies
published in the literature. There are no reliable
endosonographic features that indicate the malignant
[16,30]
potential of enlarged lymph nodes
; hence, EUSguided tissue acquisition will remain an important tool
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for discerning the nature of enlarged lymph nodes.
According to recent reports, techniques such as EUS
elastography, which helps distinguish between benign
and malignant lesions, have gained much attention
[31,32]
over the last decade
. Malignant lesions tend to be
solid due to pathologic processes that decrease tissue
elasticity and hence increase tissue stiffness, resulting
[25]
in a blue pattern on qualitative EUS elastography .
Targeting the needle to the “solid area” during the
tissue acquisition process could potentially improve
the diagnostic yield of malignant lesions. Another
factor that might have influenced these results, as
previously mentioned, is the low number of needle
passes performed, which was based on gross visual
inspection by the endosonographers. Although we
did not evaluate this specific variable in the present
study, gross visual inspection might have hindered
the procurement of better results. Performing another
session of EUS-guided tissue acquisition may improve
the diagnostic yield in situations where there is high
[33]
clinical suspicion .
This study has certain limitations. It was a singlecenter study, and the results might not reflect practices
or technologies used at other institutions. The lack
of an on-site pathologist evaluation may influence
the final results. Previous studies have established
that on-site pathological evaluation improves the
[9,34]
diagnostic yield by 10%-15%
. However, in many
occasions and in many centers, on-site pathological
evaluation is not possible due to manpower and
cost limitations. The type of needle used was based
on the endosonographer’s preference and was not
randomized; however, there was a tendency toward
the use of smaller and more flexible needles for lesions
that pose technical difficulties or a high risk of bleeding.
We did not include data corresponding to the gold
standard analysis, which is considered the analysis of
the surgical specimen. In fact, this was available in
only three cases. However, this reflects the real clinical
practice in the evaluation of enlarged lymph nodes.
It is logical that lymph node enlargement in almost
any disease is indicative of an advanced condition that
does not merit surgical management. In addition, the
presence of benign lymph nodes precludes the need
for surgery. However, to overcome this limitation, we
included a robust clinical follow-up protocol over a
minimum of 12 mo, coupled with advanced imaging
studies (MRI, CT scan and PET). The duration of followup was deemed sufficient because any malignancy
with significant nodal involvement would be at least
[35-37]
stage Ⅱ disease
. The primary malignancy would
be clearly evident or the patient could have succumbed
to the disease within the follow-up period; hence, a
12-mo follow-up period was deemed appropriate in
our study cohort.
In conclusion, EUS-guided tissue acquisition is
a highly accurate technique for the evaluation of
enlarged lymph nodes. No factor was found to affect
the operating characteristics or accuracy of this
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technique. Increasing the number of needle passes
could be an option to improve the diagnostic yield but
might be associated with a theoretically increased risk
of adverse events. Whether the results of the present
study can be replicated in other centers remains
questionable because the level of expertise of the
endosonographer and cytopathologist could be crucial
for the high diagnostic yield of this technique. Future
studies should include multicenter approaches with
different operators to draw firmer conclusions.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the Osaka City University Institutional Review
Board.

AIM
To elucidate the effect of expression of doublecortin
and CaM kinase-like-1 (DCLK1) in patients with
pancreatic ductal adenocarcinoma (PDAC).

Informed consent statement: Written informed consent was
obtained from all patients.
Conflict-of-interest statement: The authors declare that they
have no competing interests.

METHODS
Tumor specimens were obtained from 136 patients
with pancreatic cancer who had undergone resection
without preoperative therapy between January 2000
and December 2013 at the Department of Surgical
Oncology, Osaka City University. The resected speci
mens were analyzed for associations with clinicopatho
logical data, including DCLK1 expression, epithelial
mesenchymal transition (EMT) marker expression, and
cancer stem cell (CSC) marker expression. Univariate
and multivariate survival analyses were performed and
we assessed the association between DCLK1 expression
and clinicopathological factors, including the EMT
marker and CSC marker.
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RESULTS
In total, 48.5% (66/136) of the pancreatic cancer
samples were positive for DCLK1. Patients with DCLK1positive tumors had significantly shorter survival times
than those with DCLK1-negative tumors (median, 18.7
mo vs 49.5 mo, respectively; P < 0.0001). Positive
DCLK1 expression correlated with histological grade
(P = 0.0290), preoperative CA19-9 level (P = 0.0060),
epithelial cell adhesion molecule (EpCAM) expression (P
= 0.0235), and the triple-positive expression of CD44/
CD24/EpCAM (P = 0.0139). On univariate survival
analysis, five factors were significantly associated with
worse overall survival: histological grade of G2 to G4
(P = 0.0091), high preoperative serum SPan-1 level
(P = 0.0034), R1/2 (P < 0.0001), positive expression
of DCLK1 (P < 0.0001) or CD44 (P = 0.0245). On
multivariate survival analysis, R1/2 [odds ratio (OR) =
2.019, 95% confidence interval (CI): 1.380-2.933; P =
0.0004] and positive DCLK1 expression (OR = 1.848,
95%CI: 1.2854-2.661; P = 0.0009) were independent
prognostic factors.

INTRODUCTION
Although the number of treatment strategies has in
creased for pancreatic ductal adenocarcinoma (PDAC),
the disease still has a poor prognosis. Malignancy of
PDAC is devastating, with a 5-year overall survival
[1]
rate of approximately 5% . The high mortality rate
associated with PDAC is known to be due to extensive
invasion into the surrounding tissues and early meta
stasis to distant organs; however, the molecular
mechanisms of the highly aggressive nature of PDAC
remain unclear.
Doublecortin and CaM kinase-like-1 (DCLK1) is
a microtubule-associated kinase that has recently
attracted much attention as an important cancer stem
cell (CSC) marker. DCLK1 contains two doublecortin
domains in the N terminus, which are involved in the
regulation of microtubule polymerization, and a serine/
threonine protein kinase domain in the C terminus.
Between the N and C termini, there is a serine/prolinerich domain that mediates multiple protein-protein
[2]
interactions . DCLK1 is predominantly expressed in
the low two-thirds of the intestinal crypt epithelium
[3]
and occasionally in crypt-based columnar cells .
Originally, DLCK1 was reported as a putative intestinal
[4,5]
and pancreatic stem cell marker . More recently,
however, DCLK1 has been demonstrated as expressed
[6]
in CSCs but to be undetectable in normal stem cells .
Knockdown of DCLK1 in pancreatic cancer cells resulted
in tumor growth arrest and the downregulation of Snail,
Slug and Twist, which inhibit epithelial mesenchymal
[7-9]
transition (EMT) . As such, DCLK1 has become the
focus of research into its potential as a candidate
therapeutic target for various cancers.
Several studies have demonstrated that DCLK1
expression is correlated with cancer aggressiveness
[10]
[11]
[12]
in colorectal , esophageal , breast , and renal
[9]
cell carcinomas. However, only few studies have
investigated the correlation of DCLK1 expression with
survival in PDAC. The aim of this study was to elucidate
the effect of DCLK1 expression on the survival of
patients with PDAC. Moreover, the correlations of
clinicopathological features, including expression of
EMT and CSC markers, with DCLK1 expression were
investigated.

CONCLUSION
DCLK1 expression was found to be an independent
prognostic factor and it may play a crucial prognostic
role by promoting acquisition of stemness.
Key words: doublecortin and CaM kinase-like-1;
Pancreatic cancer; Epithelial mesenchymal transition;
Cancer stem cell; Prognostic factor
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Doublecortin and CaM kinase-like-1 (DCLK1)
is a microtubule - associated kinase and has recently
attracted much attention as an important cancer
stem cell marker. DCLK1 expression is correlated with
aggressiveness in various cancers. However, there have
been few investigations correlating DCLK1 expression
with survival in pancreatic ductal adenocarcinoma
(PDAC). PDAC patients with DCLK1-positive tumors
had significantly shorter survival times than those with
DCLK1-negative tumors. DCLK1 expression was an
independent prognostic factor by multivariate survival
analysis. Furthermore, DCLK1-positive expression was
correlated to EpCAM expression and triple-positive
expression of CD44/CD24/EpCAM. These findings
suggest DCLK1 may have a crucial prognostic role in
acquisition of stemness.

MATERIALS AND METHODS
Patients

The current study used tissue samples from 136
patients who underwent pancreatic resection for
PDAC at our institution. All patients were histologically
confirmed to have a common type of invasive ductal
carcinoma of the pancreas. Patients with neuroendocrine
carcinomas, mucinous cystic carcinomas, or intraductal
papillary mucinous carcinomas were excluded.
Moreover, we excluded patients who had undergone
neoadjuvant therapy. Clinical records were reviewed to

Nishio K, Kimura K, Amano R, Nakata B, Yamazoe S, Ohira G,
Miura K, Kametani N, Tanaka H, Muguruma K, Hirakawa K,
Ohira M. Doublecortin and CaM kinase-like-1 as an independent
poor prognostic factor for resected pancreatic carcinoma. World
J Gastroenterol 2017; 23(31): 5764-5772 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i31/5764.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i31.5764
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Figure 1 Immunohistochemical analysis of doublecortin and CaM kinase-like-1 expression. A: Positive expression; B: Negative expression. DCLK1:
Doublecortin and CaM kinase-like-1.

examine clinical features, including demographic data
(age and sex) and therapeutic data (chemotherapy
performed after surgery, and interval from surgical
resection to death). This study was approved by the
ethics committee of Osaka City University and was in
compliance with the Declaration of Helsinki. Each patient
provided informed consent before tissue samples were
obtained.

dilution; Dako Co., Carpinteria, CA, United States);
rabbit monoclonal anti-vimentin antibody (1:100
dilution; Cell Signaling, Danvers, MA, United States);
rabbit polyclonal anti-N-cadherin antibody (1:100
dilution; Abcam); goat polyclonal anti-CD24 antibody
(1:20 dilution; Santa Cruz Biotechnology, Dallas,
TX, United States); mouse monoclonal anti-CD44
antibody (1:50 dilution; Dako Co); mouse monoclonal
anti-CD133 antibody (1:10 dilution; Miltenyi Biotec,
Gladbach, Germany); and mouse monoclonal antiEpCAM antibody (1:500 dilution; Cell Signaling).

Surgery and pathology

Surgery involved standard or subtotal stomachpreserving pancreaticoduodenectomy in 76 (55.9%)
patients, distal pancreatectomy in 54 (39.7%) patients,
and total pancreatectomy in 6 (4.4%) patients. Regional
lymph node dissection was performed in all patients.
The resected specimens were fixed in 10% formalin at
room temperature, and the size and gross appearance
of each tumor were recorded. The pathologic stage
of all tumor specimens was determined using the
staging system of the American Joint Committee on
th
[13]
Cancer (AJCC), 7 edition . Tumor differentiation was
classified according to the classification of tumors of the
World Health Organization as well-differentiated (G1),
moderately differentiated (G2), poorly differentiated
[14]
(G3), or undifferentiated (G4) .

Evaluation of staining

Intensity of the immunohistochemical staining (staining
score) of each marker in a cancerous lesion of each
sample was determined using a scoring system that
ranged from 0 to 3 (0, no staining; 1, weak staining;
2, moderate staining; and 3, strong staining).
Cytoplasmic staining was estimated for the analysis
of DCLK1 and vimentin expression. Nuclear staining
was estimated for the analysis of Snail expression.
Membranous staining was estimated for the analysis
of E-cadherin, N-cadherin, CD24, CD44, CD133 and
EpCAM expression.
An example of the expression of each marker is
shown in Figures 1 and 2. The staining score of each
sample represents the average score of five randomly
selected fields in the cancerous lesion. As there are
no definitive standards that could be used to define
positive and negative staining in this study, we defined
a score of more than 2 as “positive staining” to roughly
divide the samples into positive- and negative-staining
groups. The scoring was performed by two surgeons
(Nishio K, Kimura K) in a blinded fashion. Differences in
scoring were resolved by validation of the two surgeons.

Immunohistochemistry

Formalin-fixed, paraffin-embedded tumor tissue was
cut into 4-μm thick sections and immunohistochemistry
was performed using a protocol previously reported by
[15]
our group but with some modifications . The most
representative section of tumor for each case was
selected for analysis. We analyzed not only DCLK1
expression, but also the expression of E-cadherin,
N-cadherin, vimentin, and Snail as EMT markers,
and CD24, CD44, CD133, and epithelial cell adhesion
molecule (EpCAM) as CSC markers. The primary
antibodies used for immunohistochemistry were:
rabbit polyclonal anti-DCLK1 antibody (1:80 dilution;
Abcam, Cambridge, MA, United States); rabbit
polyclonal anti-Snail antibody (1:80 dilution; Abcam);
mouse monoclonal anti-E-cadherin antibody (1:50

WJG|www.wjgnet.com

Outcome measures

The demographic and clinical variables included age,
sex, tumor location, tumor size, surgery, histological
grade, AJCC classification, lymph node metastasis,
adjuvant therapy, resection margin status, preoperative
serum CA19-9 level, preoperative serum SPan-1
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Figure 2 Immunohistochemical analysis of doublecortin and CaM kinase-like-1 expression, and epithelial mesenchymal transition and stem cell markers
in pancreatic cancer. All pictures show positive expression for each marker (× 200). A: Snail; B: Vimentin; C: E-cadherin; D: N-cadherin; E: CD24; F: CD44; G:
CD133; H: EpCAM. DCLK1: Doublecortin and CaM kinase-like-1; EpCAM: Epithelial cell adhesion molecule.

preoperative serum CA19-9 data that were obtained
after the jaundice had been reduced. At our medical
center, endoscopic or percutaneous bile duct drainage
is usually performed in patients with jaundice. For all
patients, the CA19-9 level that was used in the analysis
was measured when the total bilirubin level was < 5 mg/dL.

Table 1 Clinicopathological characteristics of the patients
Characteristic
Age
Median (range)
Sex
Male
Female
Location
Head
body-tail
Tumor size in cm
Median (range)
Surgery
Pancreaticoduodenectomy
Distal pancreatectomy
Total pancreatectomy
Histological differentiation
G1
G2
G3
G4
AJCC staging system
ⅠA
ⅠB
ⅡA
ⅡB
Ⅲ
Ⅳ
Lymph node
N0
N1
Adjuvant therapy
Yes
No
Resection margin status
R0
R1
R2

n
70 (34-85)
66
70

Statistical analysis

3 (1-18)
76
54
6
20
89
17
10
5
15
46
56
3
11

RESULTS
Characteristics of patients with resected PDAC

Characteristics of the patients who underwent surgery
for PDAC are shown in Table 1. All patients were
followed for survival, and the median follow-up period
was 21.0 mo (range, 2.3-175.2 mo). The median
overall survival time (MST) was 27.1 mo. The actuarial
3- and 5-year survival rates were 39.9% and 26.6%,
respectively. Of the 136 total patients, 96 underwent
adjuvant chemotherapy (5-fluorouracil: n = 1; tegafururacil: n = 28; gemcitabine: n = 46; S-1: n = 21).

70
66
96
40
86
35
15

Expression of DCLK1 and its effect on survival

AJCC: American Joint Committee on Cancer.

Of the 136 total patients, 66 (48.5%) were positive
for DCLK1 expression and 70 (51.5%) were negative
for DCLK1 expression. The MST of the DCLK1-positive
patients was 18.7 mo, while that of that DCLK1negative patients was 49.5 mo. The MST of the DCLK1-

level, and expression of DCLK-1, Snail, E-cadherin,
N-cadherin, vimentin, CD24, CD44, CD133 and EpCAM.
For patients with preoperative jaundice, we used the

WJG|www.wjgnet.com

2

Categorical variables were compared using the χ test
or Fisher’s exact test. Survival was calculated using
the Kaplan-Meier method, and comparisons between
groups were carried out by the log-rank test. P values
< 0.05 were considered to be statistically significant.
Variables with a significance of P < 0.05 on univariate
analysis were included in the multivariate regression
analysis to identify factors associated with survival
after surgery. Statistical analyses were performed
using SAS version 11.0 software (SAS Institute, Inc.,
Cary, NC, United States).

80
56
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0.6

0.4
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0
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36

48

60

72

Survival time (mo)

Figure 4 Relapse-free survival of patients according to doublecortin
and CaM kinase-like-1 expression, excluding patients with macroscopic
residual tumor. A: RFS of patients with DCLK1 positivity was 10.2 mo; B: That
of patients with DCLK1 negativity was 25.5 mo. Relapse of patients with DCLK1
positivity was significantly shorter than that of patients with DCLK1 negativity
(P = 0.0005). DCLK1: Doublecortin and CaM kinase-like-1; RFS: Relapse-free
survival.

Figure 3 Overall survival of patients according to doublecortin and CaM
kinase-like-1 expression. A: The MST of patients with DCLK1-positive tumors
was 18.7 mo; B: That of patients with DLCK1-negative tumors was 49.5 mo.
The MST of patients with DCLK1 positivity was significantly shorter than that
of patients with DCLK1 negativity (P < 0.0001). DCLK1: Doublecortin and CaM
kinase-like-1; MST: Median overall survival time.

positive patients was significantly shorter than that of
the DCLK1 -negative patients (P < 0.0001; Figure 3).
We examined relapse-free survival (RFS) and re
current patterns of 121 patients, excluding patients with
macroscopic residual tumor. Among these 121 patients,
57 were positive for DCLK1 expression and 64 patients
were negative for DCLK1 expression. The DCLK1positive patients relapsed more frequently, with 46
(80.7%) compared to the 40 (62.5%) DCLK1-negative
patients who relapsed (P = 0.0438). The DCLK1positive patients also had significantly shorter RFS than
the DCLK-negative patients (P = 0.0005; Figure 4).
Furthermore, of the 46 recurrent patients with DCLK1positive tumors, 17 (37.0%) had local recurrence and
29 (63.0%) had distant metastasis. Of the 40 recurrent
patients with DCLK1-negative tumors, 16 (40.0%)
had local recurrence and 24 (60.0%) had distant
metastasis. These results did not show significant
difference for the recurrent pattern (P = 0.82).

variate survival analyses. Tumor size, histological
grade, tumor grade (T) category, node (N) category,
preoperative serum CA19-9 level, preoperative serum
SPan-1 level, adjuvant therapy, resection margin
status, and the expression of DCLK1, Snail, E-cadherin,
N-cadherin, vimentin, CD24, CD44, CD133, and
EpCAM were evaluated. On univariate analysis, five
factors were significantly associated with worse overall
survival: histological grade of G2 to G4 (P = 0.0091),
high preoperative serum SPan-1 level (P = 0.0034),
R1/2 factor (P < 0.0001), positive expression of DCLK1
(P < 0.0001) or CD44 (P = 0.0245). On multivariate
analysis, R1/2 (OR = 2.019, 95%CI: 1.380-2.933; P =
0.0004) and positive DCLK1 expression (OR = 1.848;
95%CI: 1.2854-2.661; P = 0.0009) were independent
factors of poor prognosis.

DISCUSSION
In the present study, we performed immunohisto
chemistry to analyze the expression of DCLK1 and
clinicopathological variables, including EMT and CSC
markers, to determine their correlation with survival in
136 patients with PDAC. DCLK1 expression was found
to be significantly associated with the expression of
EpCAM and the triple-positive expression of CD44/
CD24/EpCAM. Moreover, DCLK1 expression was
identified as an independent prognostic factor in
resected PDAC. These findings suggest that DCLK1
may have a crucial prognostic role in the acquisition of
stemness.
DCLK1, a putative marker of intestinal and
pancreatic stem cells, is upregulated in various solid
tumors, including colorectal, pancreatic, breast and
prostate cancers, when compared to paired normal
[8-17]
tissues
. Furthermore, recent reports indicated that
DCLK1 can be used as a prognostic factor in colorectal

Association of DCLK1 expression with
clinicopathological factors

Table 2 shows the association of DCLK1 expression
with clinicopathological factors, including EMT and CSC
markers. The factors showing a significant correlation
with positive DCLK1 expression were histological grade
(P = 0.0290), high preoperative serum CA19-9 level
(P = 0.0060), and EpCAM expression (P = 0.0235).
[16]
Furthermore, referring to past literature , we ex
amined the combination of CSC markers and found
that triple–positive CD44/ CD24/EpCAM expression
was significantly correlated with DCLK1 expression (P
= 0.0139).

Survival analysis of clinicopathological factors,
including EMT and CSC markers, in resected PDAC

Table 3 shows the results of the univariate and multi
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[7-17]

Characteristic

DCLK-1, n = 136

P value

Positive, n = 66 Negative, n = 70
Tumor size in cm
<2
≥2
Histological grade
G1
G2-4
T category
T1/T2
T3/T4
N category
N0
N1
Serum CA19-9 level
Normal
Elevated
Serum SPan-1 level
Normal
Elevated
Residual tumor
R0
R1/2
Snail
Positive
Negative
E-cadherin
Positive
Negative
N-cadherin
Positive
Negative
Vimentin
Positive
Negative
CD24
Positive
Negative
CD44
Positive
Negative
EpCAM
Positive
Negative
CD133
Positive
Negative
CD24+CD44+EpCAM+
Positive
Negative

0.2962
11 (16.7)
55 (83.3)

17 (24.3)
53 (75.7)

5 (7.6)
61 (92.4)

15 (21.4)
55 (78.6)

14 (21.2)
52 (78.8)

19 (27.1)
51 (72.9)

34 (51.5)
32 (48.5)

37 (52.9)
33 (47.1)

14 (21.2)
52 (78.8)

31 (44.3)
39 (55.7)

23 (34.8)
43 (65.2)

34 (48.6)
36 (51.4)

38 (57.6)
28 (42.4)

48 (68.6)
22 (31.4)

41 (62.1)
25 (37.9)

34 (48.6)
36 (51.4)

31 (47.0)
35 (53.0)

23 (32.9)
47 (67.1)

23 (34.8)
43 (65.2)

28 (40.0)
42 (60.0)

6 (9.1)
60 (90.9)

4 (5.7)
66 (94.3)

27 (40.9)
39 (59.1)

23 (32.9)
47 (67.1)

49 (74.2)
17 (25.8)

52 (74.3)
18 (25.7)

46 (69.7)
20 (30.3)

35 (50.0)
35 (50.0)

12 (18.2)
54 (81.8)

14 (20.0)
56 (80.0)

18 (27.3)
48 (72.7)

7 (10.0)
63 (90.0)

0.0290

0.4326

1.00

0.0060

0.1198
0.2148

0.1237

0.1151

0.5967

0.5232

0.3758

1.00

0.0235

0.8301

0.0139

DCLK1: Doublecortin and CaM kinase-like-1; EpCAM; Epithelial cell
adhesion molecule; PDAC: Pancreatic ductal adenocarcinoma.
[18,19]

cancer
. However, no reports have yet indicated
a correlation between DCLK1 expression and the
prognosis of patients with PDAC.
Cells with positive DCLK1 expression showed CSC
[20]
properties in pre-invasive pancreatic cancer . In
addition, small interfering (si)RNA-mediated knockdown
of DCLK1 resulted in the upregulation of microRNA
(miR)-200a, an inhibitor of EMT, and the corresponding
upregulation of E-cadherin following the downregulation
of ZEB1 and ZEB2 in both human pancreatic and
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[9]

colorectal cancer cells
. Weygant et al demonstrated
that siRNA-mediated knockdown of DCLK1 in clear cell
renal carcinoma cells results in decreased expression of
EMT and pluripotency factors, and significantly reduces
the invasion, migration, focal adhesion, drug-resistance
[10]
and clonogenic capacities of cells. Chandrakesan et al
reported that DCLK1 is critically involved in facilitating
intestinal tumorigenesis by enhancing pluripotency
and EMT factors in adenomatous polyposis coli (APC)
[21]
mutant intestinal tumors. Sureban et al
indicated
that XMD8-92 treatment of pancreatic tumors resulted
in the inhibition of DCLK1 and downstream oncogenic
pathways (i.e., EMT, pluripotency, angiogenesis and
anti-apoptotic pathways). These findings suggest that
DCLK1 expression in human pancreatic cancer might
directly regulate EMT, pluripotency and angiogenesis,
and is significantly associated with survival. Although
the abovementioned investigations on the molecular
mechanisms of DCLK1 are all very important, we felt
that there was a lack of reports on DCLK1 expression
and its prognostic value in clinical samples of PDAC. As
such, we investigated this topic, and found that DCLK1
over-expression had a significant impact on survival.
The results of the current study also indicated that
the expression of EMT markers, such as E-cadherin,
N-cadherin, vimentin and Snail, was not associated
[22]
with poor prognosis. Cates et al
reported that the
expression of EMT markers in PDAC was not associated
[23]
with the duration of survival. In contrast, Yamada et al
reported that EMT markers predicted the prognosis
of pancreatic cancer and that the EMT markers were
associated with portal vein invasion and lymph node
metastasis. Other researchers have also indicated
that the expression of ZEB1 in pancreatic cancer is
[24,25]
associated with poor prognosis
.
Furthermore, we investigated stem cell markers,
such as CD24, CD44, CD133 and EpCAM, to see
whether they were associated with poor prognosis.
Only the expression of CD44 showed an association
with worse prognosis in the univariate analysis, but this
association was not seen in the multivariate analysis.
[5]
Pancreatic CSCs were first described by Li et al in
2007. In our study, pancreatic cancer cells with triplepositive expression of CD44/CD24/EpCAM comprised
only 0.2% to 0.8% of all the pancreatic cancer cells,
but they had a 100-fold higher tumorigenic potential
[5]
than the non-tumorigenic cancer cells . In addition,
[16]
Ohara et al
reported that triple-positive CD44/
CD24/EpCAM expression was not correlated with poor
prognosis, but overlapped with poorly differentiated
cells and possessed high proliferative potential in clinical
pancreatic cancer. Furthermore, they showed that the
presence of double-positive CD44/CD24 expression
[16]
appeared to be correlated with poor prognosis . Finally,
[26]
Akita et al
reported that EpCAM was a significant
prognostic factor in pancreatic cancer.
To elucidate the role of DCLK1, we also analyzed
the association between DCLK1 expression and
clinicopathological factors, including EMT and CSC

Table 2 Association between doublecortin and CaM kinaselike-1 expression and clinicopathological factors in resected
pancreatic ductal adenocarcinoma n (%)
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Table 3 Univariate and multivariate survival analyses in resected pancreatic ductal adenocarcinoma
Variable

Comparison

Tumor size in cm
Histological grade
T category
N category
Serum CA19-9
Serum SPan-1
Adjuvant therapy
Resection margin status
DCLK1
Snail
E-cadherin
N-cadherin
Vimentin
CD24
CD44
CD133
EpCAM

<2
≥2
G1
G2-4
T1/T2
T3/T4
N0
N1
Normal
Elevated
Normal
Elevated
No
Yes
R0
R1/2
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive

Univariate analysis

Multivariate analysis

n

MST in mo

P value

Hazard ratio

28
108
20
116
33
103
71
65
45
91
57
79
30
96
86
50
70
66
61
75
82
54
85
51
126
10
86
50
35
101
110
26
55
81

36.6
23.8
Not reached
23.8
30.3
28.27
35.4
21.2
31.37
24.43
36.6
21.2
23.3
30.3
36.6
17.9
50.1
21.0
30.3
26.57
26.57
30.3
26.57
36.03
30.07
17.9
24.43
30.3
45.1
24.43
23.37
36.6
23.37
30.07

0.0735

95%CI

P value

1.362

0.844-2.318

0.2130

1.286

0.905-1.840

0.1608

< 0.0001

2.019

1.380-2.933

0.0004

< 0.0001

1.848

1.2854-2.661

0.0009

1.267

0.855-1.919

0.2414

0.0091
0.7279
0.0505
0.2057
0.0034
0.21

0.2377
0.5448
0.4568
0.0659
0.6359
0.0245
0.1485
0.6580

DCLK1: Doublecortin and CaM kinase-like-1; EpCAM: Epithelial cell adhesion molecule; MST: Median overall survival time; N: Node; PDAC: Pancreatic
ductal adenocarcinoma; T: Tumor.

markers. Our results showed that positive EpCAM
expression was significantly correlated with positive
DCLK1 expression. Furthermore, examination of
the combination of stem cell markers showed that
the triple-positive expression of CD44/CD24/EpCAM
was significantly correlated with positive DCLK1
expression in PDAC. In contrast, positive EMT marker
expression was not associated with positive DCLK1
expression. These results suggest that PDAC with
DCLK1 expression may gain biological malignant
potential by acquiring stemness. Some investigators
have demonstrated DCLK1 expression on tumor
stem cells that continuously produce tumor progeny
Min/+
in the polyps of APC
mice, with ablation of these
DCLK1-positive tumor stem cells resulting in a marked
regression of polyps without any apparent damage
[6]
to the normal intestine . These findings suggest that
DCLK1 exists in pancreatic tumor cells with stemness
and that targeting DCLK1-positive cells may be a very
effective advanced therapy. Recently, Westphalen
[27]
et al
reported that there is a possibility of DCLK1
positive cells being the origin of PDAC. Accordingly, it
has been postulated that DCLK1 is not only associated
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with stemness but also with carcinogenesis. Further
studies are needed to fully elucidate the role of DCLK1
in PDAC.
There are some limitations to the present study
which must be considered when interpreting the
findings. This study was conducted at a single
institution, and it had a small sample size. Moreover,
it was a retrospective evaluation. A prospective
investigation with a larger sample size is needed to
confirm the significance of DCLK1 expression.
In conclusion, positive DCLK1 expression was
identified as an independent prognostic factor in PDAC.
The expression of DCLK1 was found to be associated
with the triple-positive expression of CD44/CD24/
EpCAM as well as EpCAM expression. Collectively,
these findings indicate that DCLK1 may play a crucial
prognostic role in the acquisition of stemness.

COMMENTS
COMMENTS
Background

Doublecortin and CaM kinase-like-1 (DCLK1) is a microtubule-associated
kinase and has recently attracted much attention due to its recognized
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importance as a cancer stem cell (CSC) marker. Several studies have
demonstrated that DCLK1 expression is correlated with aggressiveness in
various cancers. However, only few studies have investigated the correlation of
DCLK1 expression with survival in pancreatic ductal adenocarcinoma (PDAC).
It is therefore worthwhile to elucidate the effect of DCLK1 expression on the
survival of patients with PDAC.

7

Research frontiers

It has been reported that knockdown of DCLK1 in pancreatic cancer
cells resulted in tumor growth arrest and the downregulation of epithelial
mesenchymal transition (EMT), pluripotency and angiogenesis. Furthermore,
several studies have demonstrated that DCLK1 expression is correlated with
aggressiveness in various cancers. By using this marker in clinical samples of
PDAC, the authors were able to identify DCLK1 expression as an independent
prognostic factor in resected PDAC.

8

Innovations and breakthroughs

The authors found that DCLK1 over-expression had a significant impact on
survival in resected PDAC, using clinical samples of PDAC. Furthermore, their
findings suggest the possibility that PDAC with DCLK1 expression may gain
biological malignant potential by acquiring stemness.

9

Applications

The results of the present study suggest that DCLK1 exists in pancreatic tumor
cells with stemness, and that targeting DCLK1-positive cells may be very
effective advanced therapy.

10

Terminology

DCLK1 is a microtubule-associated kinase and has recently attracted much
attention as an important CSC marker, and has been reported as a putative
intestinal and pancreatic stem cell marker. Recently, it has been reported that
DCLK1 expression in human pancreatic cancer might directly regulate EMT,
pluripotency, and angiogenesis.

11

Peer-review

12

Although this study is retrospective in design, it is well structured and the subject
is very interesting. The manuscript is correctly written and the conclusions are
justified by the data.
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Abstract

Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to treatment by written consent. For full disclosure, the
details of the study are published on the home page of Kurume
University.

AIM
To investigated characteristics, diagnosis, bowelcleansing preparation, sedation, and colonoscope
length and diameter in Japanese pediatric patients
receiving total colonoscopy.

Conflict-of-interest statement: None of the authors have any
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METHODS
The present study evaluated consecutive patients aged
≤ 15 years who had undergone their first colonoscopy
in Kurume University between January 2007 and
February 2015. Data were retrospectively analyzed. We
identified 110 pediatric patients who had undergone
colonoscopy that had reached the cecum, allowing the
observation of the total colon.

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
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RESULTS
Hematochezia, abdominal pain, and diarrhea were
the most common symptoms. For bowel-cleansing
preparation, pediatric patients aged ≤ 12 years were
treated with magnesium citrate, and patients aged
13-15 years were treated with polyethylene glycol
4000. For sedation, thiamylal with pentazocine, which
has an analgesic effect, was used in patients aged ≤
6 years, and midazolam with pentazocine was used
in patients aged ≥ 7 years. Regarding the choice of
endoscope, short and thin endoscopes were selected
for younger patients, particularly patients aged ≤ 3
years. Positive diagnoses were made in 78 patients
(70.9%). Inflammatory bowel disease (n = 49, 44.5%),
including ulcerative colitis (n = 37, 33.6%) and Crohn’s
disease (n = 12, 10.9%), was the most common
diagnosis.

anemia, abdominal pain, or rectal bleeding . Colono
scopy has utility as a diagnostic and therapeutic tool
[2]
for pediatric patients . Recently, the American Society
for Gastrointestinal Endoscopy (ASGE) and the North
American Society for Pediatric Gastroenterology, Hepa
tology and Nutrition published modifications of their
guidelines for pediatric patients, in which clear indications
[2]
for colonoscopy in children were recommended . As
the diagnosis of bowel diseases, including inflammatory
bowel disease (IBD) and polyposis syndrome, is
important in children as well as adults, it has become
increasingly necessary to perform total colonoscopy in
[3,4]
pediatric patients .
There are limited pediatric data regarding the
complication rates of pediatric colonoscopy. Thakkar
[5]
et al reported a complication rate of 1.1%, which
was higher than that of adult colonoscopy (0.4%),
[6]
in a multi-center retrospective study . Furthermore,
pediatric colonoscopy is associated with a greater risk of
serious complications compared with that in adults, due
to the high level of technical difficulty, low compliance
with bowel cleansing, and uncooperativeness during
the procedure. The success of total colonoscopy relies
on suitable bowel-cleansing preparation, appropriate
sedation for painless and safe colonoscopy, and the
choice of an appropriate endoscope.
Bowel preparation regimens for pediatric colono
scopy have yet to be standardized and vary among
medical centers. Propofol is commonly used for
[7]
sedation during pediatric endoscopy . The use of
midazolam, fentanyl, meperidine, ketamine, and ketofol
[8]
in pediatric colonoscopy have also been reported . The
dosing of sedative drugs is based on patient weight
and is titrated by response, allowing adequate time
between doses to assess the effects and the need for
additional medication. Furthermore, there are few
published data to support the choice of colonoscope in
Japanese pediatric patients. Recommendations based
on clinical experience suggest the use of a standard
or pediatric colonoscope in patients weighing 12-15
kg, the use of infant or standard adult gastroscopes
in patients weighing 5-12 kg, and the use of ultra-thin
[9]
gastroscopes in patients weighing < 5 kg .
Here we conducted a retrospective study of medical
records to assess the appropriate management for
performing colonoscopy in pediatric patients at our
hospital. The aims of the present study were to assess
the following: (1) patient clinical characteristics; (2)
bowel-cleansing preparation; (3) sedation; (4) the
choice of endoscope; and (5) the diagnostic utility of
colonoscopy in pediatric patients.

CONCLUSION
Colonoscopy offers a high diagnostic capability for
pediatric patients with gastrointestinal symptoms. The
selection of appropriate management the performance
of colonoscopy is important in pediatric patients.
Key words: Pediatric endoscopy; Sedation; Bowel
cleansing preparation; Inflammatory bowel disease;
Complication
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A guideline for pediatric colonoscopy mana
gement have yet to be established in Japan. We
investigated clinical characteristics, diagnostic utility,
bowel cleansing preparation, sedation, and colonoscope
length and diameter under 15 years of age who had
undergone their first colonoscopy in our institution. Our
results revealed that the symptoms associated with the
indication of pediatric colonoscopy were hematochezia,
abdominal pain, and diarrhea. Positive diagnoses were
obtained in a majority of pediatric patients. More than
40% of patients were diagnosed with inflammatory
bowel disease. Thus, our findings demonstrate the
utility of colonoscopy as a diagnostic tool in pediatric
patients with gastrointestinal symptoms.
Yoshioka S, Takedatsu H, Fukunaga S, Kuwaki K, Yamasaki H,
Yamauchi R, Mori A, Kawano H, Yanagi T, Mizuochi T, Ushijima
K, Mitsuyama K, Tsuruta O, Torimura T. study to determine
guidelines for pediatric colonoscopy. World J Gastroenterol
2017; 23(31): 5773-5779 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i31/5773.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i31.5773

MATERIALS AND METHODS
Study protocol and data collection

INTRODUCTION

Colonoscopies were performed in children after clinical
evaluation by pediatric gastroenterologists at Kurume
University School of Medicine. In the present study,
we retrospectively reviewed the medical records of

Colonoscopy is routinely performed in infants and
children for the evaluation and treatment of diarrhea,
weight loss, abdominal pain, unexplained iron deficiency
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were not routinely performed and were performed
based on the presence of macroscopic abnormalities
and endoscopist experience.

Table 1 Characteristics of pediatric patients
n = 110

Total number of patients
Age (yr)

Gender
Reason for endoscopy

Diagnosis

0
1–3
4–6
7–9
10–12
13–15
Male
Female
Hematochezia
Abdominal pain
Diarrhea
Anemia
Anal fistula
Genital ulcer
Other
Ulcerative colitis
Crohn’s disease
No specific colitis
Juvenile polyp
Normal
Other

3
14
11
19
32
31
61
49
62
20
19
2
2
2
2
37
12
13
7
32
9

RESULTS
Characteristics of pediatric patients who underwent
colonoscopy

Children aged ≤ 15 years who were referred for
gastrointestinal symptoms with an indication for
diagnostic colonoscopy were recruited between January
1, 2007 and February 28, 2015 (Table 1). A total of 110
individual pediatric patients, including patients aged <
1 year (n = 3, 2.7%), 1-3 years (n = 14, 12.7%), 4-6
years (n = 11, 10.0%), 7-9 years (n = 19, 17.3%),
10-12 years (n = 32, 29.1%), and 13-15 years (n =
31, 28.2%), were prepared for total colonoscopy by
pediatric gastroenterologists. All 110 patients (100%)
in whom colonoscopy reached the cecum, allowing
the evaluation of the total colon from the cecum to
the rectum, were included in the present study to
evaluate factors related to total colonoscopy success.
No complications were reported in any of the included
cases. The terminal ileum was observed for diagnostic
purposes in the majority of patients (105/110, 95.5%).
In the present study, 61 boys (55.5%) and 49
girls (44.5%) were included, with a male-to-female
ratio of 1.2:1. Hematochezia, abdominal pain, and
diarrhea were the most common indications for
pediatric endoscopy, accounting for 62 (56.4%), 20
(18.1%), and 19 (17.3%) patients, respectively.
Other presentations were anemia (n = 2, 1.8%), anal
fistula (n = 2, 1.8%), genital ulcer (n = 2, 1.8%), and
others (n = 2, 1.8%). Final diagnoses included IBD,
comprising ulcerative colitis (UC; n = 37, 33.6%) and
Crohn’s disease (CD; n = 12, 10.9%), non-specific
colitis (NSC; n = 13, 11.8%), juvenile polyp (JP; n
= 7, 6.4%), and normal (n = 32, 29.1%). Of the 49
patients with IBD, UC (n = 37, 75.5%) was more
common than CD (n = 12, 24.5%). Other diagnoses
(n = 9, 8.2%) included Peutz-Jeghers syndrome (n
= 3, 2.7%), familial adenomatous polyposis (n = 2,
1.8%), Behçet’s disease (n = 1, 0.9%), diverticulitis (n
= 1, 0.9%), internal hemorrhoids (n = 1, 0.9%), and
venous angioma syndrome (n = 1, 0.9%).

pediatric patients aged ≤ 15 years who had undergone
their first diagnostic total colonoscopy between January
1, 2007 and February 28, 2015. Endoscopic procedures
were performed by two advanced experienced
endoscopists. The present study protocol was approved
by the Human Ethics Committee of Kurume University
School of Medicine.

Bowel-cleansing preparation

Magnesium citrate (Magcorol), polyethylene glycol
(PEG) 4000, and glycerin enema (GE), which are
licensed for bowel-cleansing preparation in Japan,
were used. Bowel-cleansing preparation protocols
for colonoscopy in pediatric patients were selected
depending on patient age, body weight, and clinical
state by pediatric gastroenterologists.

Sedation

Sedation methods were selected at the discretion
of pediatric gastroenterologists. Thiamylal, the com
bination of thiamylal and pentazocine, midazolam, and
the combination of midazolam and pentazocine were
used for sedation in pediatric patients. Continuous
pulse oximetry and heart rate monitoring were
performed throughout sedation to monitor patient vital
signs. The initial intravenous dose of thiamylal was
20-30 mg/kg, with an additional 10 mg depending
on patient condition. The initial intravenous dose of
midazolam was 0.025-0.1 mg/kg, with an additional 1
mg depending on patient condition. Pentazocine was
intravenously administered at a dose of 0.5 mg/kg in
combination with thiamylal or midazolam.

use of bowel-cleansing preparation and sedation

Table 2 shows the preparation methods used for bowel
cleansing. Bowel-cleansing preparation protocols
for colonoscopy in pediatric patients were selected
by pediatric gastroenterologists. In all cases, bowelcleansing preparation was effective and satisfactory.
A total of 74 patients (67%) used Magcorol as a
preparation. The remaining 27 patients (24.5%) used
PEG-4000. GE alone was used in five patients (4.6%),
all of whom had chronic diarrhea. The method of bowel
preparation used was not recorded in four patients
(3.6%). The majority of patients aged ≤ 12 years
(63/79, 84.0%) were treated with Magcorol, and the

Endoscopes

Endoscopes were selected based on patient age and
body size by endoscopists. Carbon dioxide was used as
much as possible during colonoscopy. Mucosal biopsies
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bleeding or perforation occurred during colonoscopy in
any patient. Thus, endoscopes matched according to
patient body size and age were appropriately selected
by endoscopists in the present study.

Table 2 Bowel cleansing preparation n (%)
Age

n

Magcorol

PEG

GE

Unknown

0
1-3
4-6
7-9
10-12
13-15
Total

3
14
11
19
32
31
110

2 (66.7)
10 (71.4)
9 (81.8)
15 (78.9)
27 (84.4)
11 (35.5)
74 (67.3)

0 (0.0)
1 (7.1)
0 (0.0)
2 (10.5)
4 (12.5)
20 (64.5)
27 (24.5)

1 (33.3)
1 (7.1)
1 (9.1)
1 (5.3)
1 (3.1)
0 (0.0)
5 (4.6)

0 (0.0)
2 (14.3)
1 (9.1)
1 (5.3)
0 (0.0)
0 (0.0)
4 (3.6)

Association between presenting symptoms and final
diagnoses

A total of 78 patients (78/110, 70.9%) had a posi
tive diagnosis following colonoscopy, whereas no
abnormalities were observed in 32 patients (29.1%).
IBD, comprising UC (37/110, 33.6%) and CD (12/110,
10.9%), was the most common diagnosis. Additional
findings included JP (7/110, 9.0%) and others (18/110,
23.1%). Hematochezia, which was the most common
indication for pediatric colonoscopy (63/110, 57.3%),
demonstrated a high positive diagnosis rate (54/63,
85.7%), particularly for UC (34/63, 54.0%). Abdominal
pain and diarrhea were predominantly present in
normal cases (50.0% and 52.6%, respectively) and
CD (30.0% and 21.1%, respectively). These results
demonstrate that hematochezia, abdominal pain, and
diarrhea as important indications for total colonoscopy
in pediatric patients. Further studies of pediatric
colonoscopy are required to validate these findings
regarding the associated between symptoms and final
diagnoses (Table 6).

Magcorol: magnesium citrate; PEG: polyethylene glycol; GE: glycerin
enema.

majority of patients aged 13-15 years were treated
with PEG-4000.
Sedation was used in 85 patients (77.3%) for
colonoscopy (Table 3). Thiamylal, the combination
of thiamylal and pentazocine, midazolam, and the
combination of midazolam and pentazocine were
predominantly used for sedation at our hospital. More
than half of the patients aged ≤ 6 years (15/28,
53.6%) were sedated with thiamylal, and the majority
of patients aged ≥ 7 years (52/82, 63.4%) were
sedated with midazolam. Pentazocine in combination
with thiamylal or midazolam was used for analgesia
in 78 patients (70.9%). Sedation and analgesia were
not required in 20 patients aged ≥ 10 years (20/110,
18.2%). All patients were monitored by pediatric
gastroenterologists and recovered after the procedure.
No complications such as hypoxia or allergy occurred
during the sedation.

DISCUSSION
PEG is the most commonly used bowel-cleansing
agent for bowel preparation regimens in children.
Previous reports have demonstrated that PEG-3350
with simethicon has greater efficacy than other
[10]
methods of pediatric bowel cleansing . However, a
proportion of pediatric patients are unlikely to ingest
[11]
sufficient volumes due to its noxious taste . The
majority of prospective and comparative studies of
bowel preparation for pediatric colonoscopy have
[11-13]
been performed at single centers
. Recently, a
randomized, blinded trial was conducted for bowelcleansing preparation in pediatric patients who
were randomly assigned to receive PEG 4000 with
simethicon (PEG-S group), PEG-4000 with citrates
and simethicone plus bisacodyl (PEG-CS + Bisacodyl
group), PEG-3350 with ascorbic acid (PEG-Asc group),
or sodium picosulfate plus magnesium oxide and citric
[14]
acid (NaPico + MgCit group) . In this study, PEGCS + Bisacodyl, PEG-Asc, and NaPico + MgCit were
all found to be non-inferior to PEG-S with respect to
bowel-cleansing efficacy. NaPico + MgCit was reported
as the most appropriate regimen for bowel preparation
in children due to higher tolerability and a greater
acceptability profile. PEG-4000 is the most commonly
used agent in bowel-cleansing preparations for adult
[15]
colonoscopy in Japan . Only two kinds of bowelcleansing preparation, PEG-4000 and Magcorol, are
routinely used for children in Japan. The results of the
present study demonstrated that the use of Magcorol
with magnesium citrate has efficacy in bowel cleansing

characteristics of colonoscopes used in pediatric
patients

Two types of colonoscope, 1030 mm and 1330 mm,
are used at our university. Endoscopes with a length
of 1030 mm, typically used for upper endoscopy, were
used for colonoscopy in 16 patients (14.5%; Table
4). In detail, all patients aged < 1 year (3/3, 100%)
and the majority of patients aged 1-3 years (11/14,
78.6%) underwent colonoscopy using a 1030-mm
endoscope due to their small body size. The majority of
patients aged 4-6 years (9/11, 81.8%) and all patients
aged ≥ 7 years (82/82, 100%) underwent colonoscopy
with a 1330-mm endoscope. Furthermore, endoscopes
with six different shaft diameters were used in the
present study (Table 5). We selected endoscopes with
diameters of 11.7 mm (n = 26, 23.6%), 11.3 mm (n
= 59, 53.6%), 9.2 mm (n = 9, 8.2%), 5.4 mm (n =
8, 7.3%), 10.5 mm (n = 5, 4.5%), and 9.8 mm (n =
3, 2.7%), according to patient age and clinical status.
Endoscopes with a diameter of 5.4 mm, considered
ultra-thin and typically used for nasal endoscopy, were
used in all patients aged < 1 year (3/3, 100%) and in
one-third of patients aged 1-3 years (5/14, 35.7%).
The majority of patients aged ≥ 7 years (total 82
patients) underwent colonoscopy using endoscopes
with a diameter of 11.3 mm (53/82, 64.6%) or 11.7 mm
(25/82, 30.5%). No serious complications such as
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Table 3 Sedation n (%)
Age

n

Thiamylal

Thiamylal+ Pentazocine

Midazolam

Midazolam+ Pentazocine

None

Unknown

0
1-3
4-6
7-9
10-12
13-15
Total

3
14
11
19
32
31
110

0 (0.0)
1 (7.1)
1 (9.1)
0 (0.0)
1 (3.1)
0 (0.0)
3 (2.7)

1 (33.3)
7 (50.0)
5 (45.5)
2 (10.5)
4 (12.5)
1 (3.2)
20 (18.2)

0 (0.0)
1 (7.1)
0 (0.0)
0 (0.0)
2 (6.3)
1 (3.2)
4 (3.6)

2 (66.7)
3 (21.4)
4 (36.4)
15 (78.9)
21 (65.6)
13 (41.9)
58 (52.7)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
4 (12.5)
16 (38.7)
20 (18.2)

0 (0.0)
2 (14.3)
1 (9.1)
2 (10.5)
0 (0.0)
0 (0.0)
5 (4.5)

used in our series as an analgesic agent, in combination
with thiamylal (20/23, 87.0%) and midazolam (58/62,
93.5%). Although colonoscopy in adults has been
performed without sedation at our hospital, no patient
aged ≤ 9 years and only 20 patients aged 10-15 years
(20/63, 31.7%) received colonoscopy without sedation.
The use of adequate sedation in pediatric patients is
necessary to safely perform total colonoscopy.
The technical aspects of colonoscopy are similar
between adults and children. However, adequate
knowledge and good endoscopic technique are required
due to a high rate of complications, the small body size
of pediatric patients, and the excessive stretching of
splenic and hepatic flexures associated with the use of
thin endoscopes. Obvious differences between pediatric
and adult colons are their length and diameter. The
length of the colon is approximately 600 mm in patients
aged 1 year, which increases to 1000 mm at 3 years,
1200 mm at 5 years, and finally reaches a length of
[20,21]
1500 mm in adults
. Variable insertion tube lengths
(1030-1330 mm) and shaft diameters (5.6-11.8
mm) were used for pediatric colonoscopy. There are
no published data to support colonoscope choice in
children. Recommendations based on body weight have
[9]
been published by the ASGE . In general, the use of
adult colonoscopes is acceptable in teenage patients.
Smaller, more flexible colonoscopes are suitable for the
majority of average-sized preschool- and elementary
[22]
school-age children . However, pediatric colonoscopes
[23]
may be too large for children aged < 4 years . In the
present study, we recommended the use of a standard
colonoscope in patients aged ≥ 4 years, a standard
adult gastroscope in patients aged 1-3 years, and
an ultra-thin gastroscope in patients aged < 1 year.
As data regarding body weight was not available for
all patients, body weight-based analyses should be
performed in future studies.
Common inductions for pediatric colonoscopy
include chronic diarrhea, hematochezia, unexplained
anemia, polyposis syndrome, and failure to thrive/
[2]
weight loss . In the present study, hematochezia,
abdominal pain, and diarrhea were the most common
presentations for pediatric colonoscopy referrals,
[24]
corroborating the findings of a previous study .
Hematochezia was the most common symptom in
patients with UC, whereas abdominal pain and diarrhea
were the most common symptoms in CD patients.
Compared with adults, pediatric patients are reported

Table 4 Length of endoscope n (%)
Age

n

1030 mm

1330 mm

0
1-3
4-6
7-9
10-12
13-15
Total

3
14
11
19
32
31
110

3 (100.0)
11 (78.6)
2 (18.2)
0 (0.0)
0 (0.0)
0 (0.0)
16 (14.5)

0 (0.0)
3 (21.4)
9 (81.8)
19 (100.0)
32 (100.0)
31 (100.0)
94 (85.5)

and has greater tolerability in children aged ≤ 12 years
(63/79, 79.7%).
The purpose of sedation is to reduce patient an
xiety and discomfort and the risk of injury during the
procedure. The level of sedation targeted and the
sedative agents chosen depend on the characteristics
of the endoscopic procedure, including the type and
length of procedure, degree of invasiveness, and
endoscopist experience. Physiological differences
between pediatric and adult patients alter the risks
of potentially serious complications during sedation.
Propofol, a phenol derivative with sedative, hypnotic,
and anesthetic properties without analgesic effects,
[7]
is routinely used for pediatric sedation . The major
disadvantage of propofol is its narrow therapeutic
range and the risk of inadvertent anesthesia. There
fore, although, propofol is routinely administered by
anesthesiologists, its use by non-anesthesiologists
[16,17]
remains controversial
. In fact, propofol is rarely
used in Japan because pediatric colonoscopy is per
formed without the presence of an anesthesiologist.
Thiamylal, which has sedative, anticonvulsant, and hypnotic
effects, is a barbiturate derivative invented in the 1950s.
Thiamylal has been used for the induction of surgical
[18]
anesthesia
and as an anticonvulsant to counteract
[19]
the side-effects of other anesthetic agents . We used
thiamylal in more than half of the pediatric patients
aged ≤ 6 years (15/28, 53.6%) because it has a
strong sedative effect while also being short-acting.
Midazolam is a small, water-soluble benzodiazepine
with anxiolytic, amnestic, sedative, muscle-relaxant,
and anticonvulsant properties, which is widely used for
sedation but generally considered to be insufficient as
a monotherapy. Pentazocine is a synthetically prepared
prototypical mixed agonist-antagonist narcotic drug
of the benzomorphan class of opioids used to treat
moderate-to-moderately severe pain. Pentazocine was
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Table 5 Shaft diameter of endoscope n (%)
Age

n

0
1-3
4-6
7-9
10-12
13-15
Total

3
14
11
19
32
31
110

5.4 mm
3 (100.0)
5 (35.7)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
8 (7.3)

9.2 mm

9.8 mm

10.5 mm

11.3 mm

11.7 mm

0 (0.0)
4 (28.6)
3 (27.3)
1 (5.3)
0 (0.0)
1 (3.2)
9 (8.2)

0 (0.0)
2 (14.3)
1 (9.1 )
0 (0.0)
0 (0.0)
0 (0.0)
3 (2.7)

0 (0.0)
1 (7.1)
1 (9.1)
1 (5.3)
2 (6.3)
0 (0.0)
5 (4.5)

0 (0.0)
1 (7.1)
5 (45.5)
14 (73.7)
22 (68.8)
17 (54.8)
59 (53.6)

0 (0.0)
0 (0.0)
1 (9.1)
3 (15.8)
9 (28.1)
13 (41.9)
26 (23.6)

Table 6 Symptoms and final diagnosis n (%)

Hematochezia
Abdominal pain
Diarrhea
Anemia
Anal fistula
Genital ulcer
Other
Total

n

UC

CD

NSC

JP

Normal

Other

63
20
19
2
2
2
2
110

34 (54.0)
1 (0.5)
1 (5.3)
1 (50.0)
0 (0.0)
0 (0.0)
0 (0.0)
37 (33.6)

1 (1.5)
6 (30.0)
4 (21.1)
0 (0.0)
1 (50.0)
0 (0.0)
0 (0.0)
12 (10.9)

6 (9.5)
2 (10.0)
3 (15.7)
0 (0.0)
1 (50.0)
0 (0.0)
0 (0.0)
12 (10.9)

7 (11.1)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
7 (6.4)

9 (14.3)
10 (50.0)
10 (52.6)
1 (50.0)
0 (0.0)
0 (0.0)
2 (100.0)
32 (29.1)

6 (9.5)
1 (0.5)
1 (5.3)
0 (0.0)
0 (0.0)
2 (100.0)
0 (0.0)
10 (9.1)

UC: Ulcerative colitis; CD: Crohn’s disease; NSC: Non-specific colitis; JP: Juvenile polyp.

pediatric patients. However, specific guidelines for the management of pediatric
colonoscopy are not well established. They investigated clinical characteristics,
diagnostic utility, bowel-cleansing preparation, sedation, and colonoscope
length and diameter in pediatric patients receiving total colonoscopy.

to have a higher frequency of positive findings resulting
[24-26]
from colonoscopy
. In the present study, 71.9%
(78/110) of patients had a positive diagnosis, including
UC, CD, non-specific colitis, and JP. IBD consists
of two major distinct disorders, CD and UC, and is
characterized by chronic inflammation of the intestine
as a result of undefined pathogenic mechanisms. In
the present study, IBD (49/110, 44.5%) was the most
common positive finding in pediatric colonoscopy
patients. Community-based epidemiological studies
have demonstrated a markedly higher incidence of IBD
[27,28]
in Japanese and other Asian adults
. In pediatric
patients, several studies have reported an increasing
[3,4]
incidence of pediatric IBD . In the present study,
there were more UC patients than CD patients. IBD
patients consistently presented with abdominal pain,
hematochezia, or non-infected diarrhea. Therefore, the
results of the present study indicate that colonoscopy
has utility as a diagnostic tool for pediatric patients
presenting with hematochezia, abdominal pain, or
diarrhea. In addition, our finding suggests that the
observation of terminal ileum is needed to diagnose
IBD, especially CD.
In conclusion, the selection of appropriate manage
ment approaches before and during the performance
of colonoscopy is important in pediatric patients.
Colonoscopy has utility as a diagnostic tool for pediatric
patients with gastrointestinal symptoms and may
represent an important component of treatment stra
tegies for early and appropriate treatment of pediatric
patients.

Research frontiers

Although colonoscopy is commonly used as a diagnostic and therapeutic
tool for adults and children. However, a guideline for pediatric colonoscopy
management have yet to be established in Japan.

Innovations and breakthroughs

In this study, the authors investigated 110 patients under 15 years of age
who had undergone their first colonoscopy in our institution between January
2007 and February 2015. These results showed the appropriate management
of pediatric colonoscopy in bowel cleansing preparation, sedation, and the
selection of colonoscopy. The authors also revealed that the symptoms
associated with the indication of pediatric colonoscopy were hematochezia,
abdominal pain, and diarrhea. Positive diagnoses were obtained in a majority of
pediatric patients. More than 40% of patients were diagnosed with inflammatory
bowel disease. Thus, our findings demonstrate the utility of colonoscopy as a
diagnostic tool in pediatric patients with gastrointestinal symptoms.

Applications

This study suggests that colonoscopy has utility as a diagnostic tool for
pediatric patients with gastrointestinal symptoms and may represent an
important component of treatment strategies for early and appropriate treatment
of pediatric patients.

Peer-review

The author mentioned the management and diagnosis of pediatric colonoscopy
in many cases. this is a very important report.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the Institutional Review Board of Asan Medical
Center (IRB No. 2017-0088).

AIM
To investigate the changes of postoperative anal
sphincter function and bowel frequency in Korean
patients with ulcerative colitis (UC).

Informed consent statement: Because this was a retrospective
study with minimal risk to patients, it was exempted from
obtaining informed consent by the IRB.

METHODS
A total of 127 patients with UC who underwent
restorative proctocolectomy (RPC) during 20 years
were retrospectively analyzed. The parameters
of anal manometry and bowel frequency were
compared according to the 6-mo intervals until 24 mo
postoperatively. Manometry was used to measure the
maximal squeezing pressure (MSP) and maximal resting
pressure (MRP).
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RESULTS
MSP decreased after surgery until 6 mo (157 to 142
mmHg); thereafter, it improved and was recovered
to and maintained at the preoperative value at 12 mo
postoperatively (142-170 mmHg, P < 0.001). Although
the decreased MRP (65 to 56 mmHg) improved after
18 mo (62 mmHg), it did not completely recover to
the preoperative value. The decreased rectal capacity
after surgery (90 to 82 mL) gradually increased up to
150 mL at 24 mo. Although bowel frequency showed
significant gradual decreases at each interval, it was
stabilized after 12 mo postoperatively (6.5 times/d).
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[7]

CONCLUSION
Postoperative changes of manometry and bowel
frequency after restorative proctocolectomy in Korean
patients with UC were not different from those in
Western patients with UC.

per 100000 in 2001-2005 . This recent change in
the incidence and prevalence of UC is attributable to
environmental factors, such as Westernized lifestyles
[7]
featuring antibiotic use and improved hygiene .
Moreover, differences between Asian and Western
countries are also found in the family history and
[6]
genetics of UC . A family history of UC among Asian
cohorts was previously noted to be uncommon, with a
[8]
frequency ranging from 0.0% to 3.4% , considerably
lower than the reported rates in Western series (range,
[9]
10%-25%) . The genetic susceptibilities of Asian
patients with inflammatory bowel disease (IBD) differ
from those of whites, as they are not associated with
[10]
NOD2/CARD15 mutations .
Although there has been an increase in the
prevalence of UC and the numbers of UC surgery in
Asian countries, studies on the functional outcomes
of RPC or the quality of life in Asians are still deficient.
Most UC studies on functional outcomes were done in
Westerners. The purpose of the present study was to
investigate the changes of postoperative anal sphincter
function and bowel frequency in Korean patients with
UC. Furthermore, we attempted to find the difference
in functional outcomes between Western and Korean
patients.

Key words: ulcerative colitis; surgery; treatment
outcome; manometry; bowel frequency; restorative
proctocolectomy
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although there has been an increase in the
prevalence of ulcerative colitis (UC) and the numbers
of UC surgery in Asian countries, studies on the func
tional outcomes of restorative proctocolectomy (RPC)
or the quality of life in Asians are still deficient. Most
UC studies on functional outcomes were done in We
sterners. The authors found that maximal squeezing
pressure, rectal capacity, and bowel frequency were
stabilized at 12 mo after RPC. Although the decreased
MRP was improved after 18 mo, it did not completely
recover to the preoperative value. These findings in
Korean patients with UC were not different from those
in Western patients with UC.

MATERIALS AND METHODS

Oh SH, Yoon YS, Lee JL, Kim CW, Park IJ, Lim SB, Yu CS,
Kim JC. Postoperative changes of manometry after restorative
proctocolectomy in Korean ulcerative colitis patients. World J
Gastroenterol 2017; 23(31): 5780-5786 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i31/5780.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i31.5780

Patient selection

The clinical data of patients with UC who underwent
laparotomy between October 1994 and June 2013
were collected retrospectively. During the study period,
a total of 192 patients with clinically diagnosed UC
underwent abdominal surgery. Of them, 41 patients
who did not undergo RPC and 2 patients proven to
have indeterminate colitis on pathology were excluded.
One of the two patients with indeterminate colitis
was included in the 41 patients who did not undergo
RPC. Among 150 patients with RPC, 23 patients who
did not undergo any preoperative or postoperative
manometry were also excluded. Finally, 127 patients
were analyzed. The clinical variables were sex, age at
diagnosis, age at surgery, duration from diagnosis to
surgery, indication for surgery, emergency operation,
type of surgery, anastomotic configuration, presence
of mucosectomy, and postoperative bowel frequency.
Any complication that occurred within 90 d after RPC
was defined as early complication. The mean follow-up
duration was 71.5 mo (range, 3-192 mo). The study
protocol was approved by the institutional review board
of Asan Medical Center (registration No. 2017-0088).

INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory bowel
disorder that is characterized by a relapsing and
remitting course. The common surgical indications for
UC are complications (such as severe UC) that are
unresponsive to treatment, dysplasia or malignancy,
bleeding, perforation, and a toxic megacolon. Re
storative proctocolectomy (RPC) with ileal pouch-anal
anastomosis (IPAA) was first introduced in 1978 and
[1]
is still used as the standard surgery . However, RPC
causes decreased rectal reservoir, loss of anorectal
sensation, and anal sphincter injury from surgical
manipulation, resulting in functional derangement of
[2-4]
bowel movement in patients postoperatively . The
frequency of postoperative defecation ranges between
6 and 8 times/day, and more than one-third of patients
[5]
experience anal incontinence .
The incidence and prevalence of UC in Korea are
still lower than those in Western countries but have
[6]
been rapidly increasing during the last decades . The
mean annual incidence rate of UC in Koreans increased
by 9-fold from 0.34 per 100000 in 1986-1990 to 3.08
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Operation

Most of the RPCs were performed by experienced,
IBD-specialized surgeons (Yu CS and Yoon YS) at
our institution. The decision of performing surgery
was made by gastroenterologists and IBD surgeons.
The type of operation was decided by IBD surgeons,
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considering the severity of disease, patient’s condition,
and presence of malignancy. IPAA included a 12-15-cmlong ileal J-pouch that was constructed by using linear
staples and pouch-anal anastomosis through a doublestapling technique. If malignancy was suspected,
cancer was present in the rectum, or removal of the
remaining rectal mucosa was needed for any cause,
mucosectomy was performed. Mucosectomy and
hand-sewn anastomosis were performed from the
perineal side of patients. Then, diverting ileostomy
was constructed in most cases. Usually, at least 2 mo
later, the diverting ileostomy was closed after checking
the anastomosis and the integrity of pouch through
radiological evaluation with a water-soluble, doublecontrast dye. Most RPCs were performed as two-stage
procedures by using a double-stapling method.

after surgery. A linear mixed model was constructed
to evaluate the differences between manometric
measurements at 0-6, 6-12, 12-18, and 18-24 mo
after and before the operation. The significance level
for multiple comparisons was adjusted with Bonferroni’s
method. The dependent variables at various times
from before the operation to 24 mo after the opera
tion were suspected to have a nonlinear relation
with time. Thus, we fitted piecewise linear mixed
models by assuming a series of linear segments and
accompanying breakpoints. P-values of 0.05 were
considered statistically significant. For piecewise linear
mixed models, results are presented as β coefficients
with SE. For linear mixed models, results are presented
as least-square means with SE. SAS version 9.3 was
used for statistical analyses.

Manometry and bowel frequency

RESULTS

Anorectal manometry was performed through water
perfusion by using an eight-channel flexible catheter
with side holes connected to a perfusion pump
and a stationary manometry system (Polygraf ID;
Medtronics, Copenhagen, Denmark). Anal mano
metry was performed with the continuous pullthrough method (1 mm/s), starting 6 cm from the
anal verge, by using a thin polyethylene (diameter:
5.5 mm, length: 150 cm). The catheter was constantly
-1
perfused with saline at a rate of 0.5 mL•channel •
-1
min , and was connected to a water-filled pressure
transducer linked to multichannel recorder. A latex
balloon at the tip of the perfused catheter (eight
channels) was positioned in the ileal pouch or rectum
so that the distal end of the balloon was 6 cm above
the anal verge. Manometry was initially performed
preoperatively. Secondary manometry was checked
just before ileostomy closure. Thereafter, manometry
was irregularly followed at 6-12-mo intervals without
a protocol. The parameters of manometry, known to
be indicators of anatomical and physiological changes,
included the maximal squeezing pressure (MSP),
maximal resting pressure (MRP), rectoanal inhibitory
reflex (RAIR), and rectal capacity. The normal range
is 100-180 mmHg for MSP, 40-70 mmHg for MRP,
and 100-300 mL for rectal capacity. The presence of
RAIR is the normal condition. Bowel frequency was
retrospectively reviewed by using electronical medical
records. Most patients were followed at 6-mo intervals
until the postoperative first year; thereafter, they were
followed at 1-year intervals. No questionnaires were
used, and the degree of continence, night soiling, and
whether gas could be discriminated from stool were
not checked regularly. Therefore, only bowel frequency
per day was evaluated during the postoperative period.

Patients’ characteristics and operation

Among 127 patients with RPC, 74 (58.3%) were men.
The median ages at diagnosis and surgery of UC were
35.5 years (range, 14-65 years; SE, 12.4 years) and
39.6 years (range, 16-65 years; SE, 12.4 years),
respectively. The mean interval from diagnosis to
surgery was 50.3 mo (range, 0-279 mo; SE, 59.6 mo).
Emergency operation was performed in four patients
(3.1%). The most common indication for surgery was
medical intractability, followed by malignancy (Table
1). A laparoscopic two-stage procedure of RPC with
diverting ileostomy was performed in only one patient.
The mean interval to ileostomy take down was 3.4 mo
(range, 2.1-12 mo).
Two-stage procedures of RPC with diverting
ileostomy were performed in 109 patients (85.8%).
Single procedures of RPC without diversion were done
in 11 patients (8.7%). Three-stage procedures of total
colectomy with end ileostomy, followed by completion
proctectomy with IPAA construction and closure of
ileostomy were performed in seven patients (5.5%).
Double-stapling anastomoses were performed in 100
patients (78.7%), and hand-sewn anastomoses were
done in 27 patients (21.3%). Complications occurred
in 49 patients (39.2%). Anastomotic leakage was the
most common early complication, and pouchitis was
the most common late complication (Table 2).

Manometry and bowel frequency

Preoperative manometries were possible in 94 of
127 patients, and follow-up manometries were
performed in 74, 45, 12 and 9 patients at each 6-mo
interval, consecutively. MSP immediately decreased
after surgery until 6 mo but recovered at 12 mo
postoperatively. A significant increase of MSP was
found between 0-6 and 6-12 mo (142.4-169.7 mmHg,
P = 0.0007; Figure 1). MRP significantly decreased
after surgery from 64.6 to 56.4 mmHg (P = 0.0045).
Despite a slight elevation (to 61.8 mmHg) after 12 mo,

Statistical analysis

Because of our irregular check-up of manometry and
records of bowel frequency, we arbitrary grouped the
findings according to the 6-mo intervals until 24 mo
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Table 1 Indications for surgery

Table 2 Postoperative complications
n (%)

Indication
Medical intractability
Malignancy
Bleeding
Perforation
Toxic megacolon
Fistula
Total

Variable

100 (78.7)
10 (7.9)
8 (6.3)
4 (3.1)
3 (2.4)
2 (1.6)
127 (100)

Early complication
Leakage
Wound infection
Bleeding
Rectovaginal fistula
Thrombosis
Others
Late complication
Pouchitis
Ileus
Pouch failure
Others

MRP was not recovered to the preoperative value. After
12 mo, MRP was maintained steadily (Figure 2). Rectal
capacity slightly decreased at 6 mo (90.1 to 82.3 mL),
but exceeded the initial volume up to 132.5 mL at 6-12
mo (P < 0.0001). Until 24 mo, rectal capacity gradually
increased up to 150.3 mL (Figure 3). RAIR was
identified in 20 patients (26.3%) and 5 patients (11.1%)
at 0-6 and 6-12 mo, respectively.
Bowel frequency was studied in 80, 62, 37 and
11 patients at each 6-mo interval, consecutively.
Although bowel frequency showed significant gradual
decreases at each interval, it was stabilized after 6-12
mo postoperatively (Figure 4). The parameters of
MSP, MRP, rectal capacity, and bowel frequency were
compared between the double-stapling and hand-sewn
anastomosis groups. However, there was no significant
difference between the two groups.

between preoperative values and those obtained 1 year
after surgery when the mean and maximal squeezing
[18]
pressures were compared . In addition, another study
reported that the MSP was 88.5 mmHg preoperatively
and decreased by 12% to 68.0 mmHg before ileostomy
closure. One year after ileostomy closure, the MSP was
[16]
96.5 mmHg, 8% higher than before surgery . In this
study, MSP decreased at 6 mo and stabilized after 12
mo (8-9 mo after ileostomy closure). The result of our
study was not different from those of previous Western
studies.
Around 60%-80% of MRP originates from the
internal anal sphincter. This muscle, which is respon
sible for the maintenance of resting anal tone, is
innervated by the autonomic nervous system and is
[14]
under involuntary control . It has also been observed
that 84% of rectal mucosal tissue is composed of
smooth muscle cell originating from internal sphincter
muscle fiber, and the amount of smooth muscle has
a significant relationship with the decrease of MRP
that is associated with the bowel habit change of
[19]
patients . Injury to the internal sphincter muscle can
directly result from operative trauma, or secondarily
result from denervation or ischemia. Injury to the
autonomic nerve of the internal sphincter muscle
[20]
during rectal dissection results in decreased MRP .
Therefore, maintaining the integrity of the internal
sphincter is responsible for preserving the MRP. The
internal sphincter muscle is partially resected during
mucosal proctectomy, and this loss of the muscle or
the scar formation from the proctectomy contributes
[21]
to the dysfunction of internal anal sphincter . In
previous studies, early postoperative anal manometry
revealed a significantly lower MRP (42 ± 4 mmHg)
than the preoperative value (65 ± 4 mmHg). During
the follow-up, MRP increased but remained within the
[15]
lower limits late postoperatively (49 ± 5 mmHg) .
Another study showed that preoperative MRP was
60.2 mmHg and the immediate postoperative MRP
was 33.2 mmHg, a decrease of 45%. One year after
ileostomy closure, the MRP was 46.2 mmHg, which
[16]
was 23% lower than preoperatively . In this study,
MRP decreased until 6 mo postoperatively and then

DISCUSSION
RPC contributes to the enhancement of the quality
of life of patients with UC by avoiding permanent
[11]
ileostomy and maintaining intestinal continuity .
However, defecatory dysfunction after surgery exists
in many forms, such as anal sphincter injury and
sensory loss of the anal transition zone (ATZ) from
mucosectomy, and has a relatively long recovery of
[12,13]
6-12 mo
. The external sphincter, which surrounds
the internal sphincter and is innervated by somatic
nerves, generates the voluntary anal squeeze and
is also considered to be unaffected during mucosal
[14]
proctectomy . This implies that the operation disturbs
the function of the internal sphincter but does not affect
[15]
that of the external sphincter . On the other hand,
some studies insisted that weeks of non-use of the
sphincter muscle might be the reason for the decrease
in sphincter pressure. In fact, continuous mucous
discharge from the pouch occurs during fecal diversion,
implying that it is not in a totally resting state. After
loop ileostomy closure, the external sphincter strength
quickly improves owing to advanced exercise caused
by loose stool. It thus compensates for the relatively
[16]
low resting pressure values in these patients . A
previous study reported that MSP decreased from
87.1 mmHg preoperatively to 68.1 mmHg at 8 wk
postoperatively; however, at 1 year, it increased to
[17]
72.3 mmHg . Others showed no significant difference
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n (%)
19 (15.2)
5 (4.0)
5 (4.0)
2 (1.6)
2 (1.6)
2 (1.6)
3 (2.4)
30 (24.0)
17 (13.6)
5 (4.0)
3 (2.4)
5 (4.0)
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P = 0.0007
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Figure 3 Rectal capacity. The decreased rectal capacity after surgery
exceeded the initial volume up to 132.2 mL at 6-12 mo and increased up to 150 mL
at 24 mo.
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Figure 1 Maximal squeezing pressure. MSP immediately decreased after
surgery until 6 mo; however, it was recovered after 12 mo postoperatively. MSP:
Maximal squeezing pressure.
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Figure 2 Maximal resting pressure. The decreased MRP after surgery
increased slightly after 12 mo; however, it did not recover to the preoperative
value. MRP: Maximal resting pressure.

Figure 4 Bowel frequency. Bowel frequency gradually decreased at each
interval and stabilized after 6-12 mo postoperatively.

gradually increased, but recovered to some extent at 2
years postoperatively. That the internal anal sphincter
is sensitive to even minor degrees of dilatation is
evident from the decrease in MRP. Although there were
reports of slight improvements in MRP with time after
RPC, other studies did not find any improvement after
[20]
1 year . In some studies, the postoperative change of
MRP resulting from injury of the internal anal sphincter
[20]
during IPAA may seem permanent . Although it is
difficult, avoiding injury to the internal anal sphincter
during RPC is the key to preserving structural integrity,
improving continence, and preventing the decrease of
[22]
MRP .
Many studies reported that the use of stapler
reduces the injury to internal sphincter and has a
small effect of decreasing MRP, resulting in superior
[1,20,23,24]
defecatory function
. In contrast, surgeons who
advocate mucosal proctectomy emphasize that the
complete removal of all rectal mucosa not only confers
the highest likelihood of complete surgical cure but,
more importantly, removes all future risk of malignant
[14]
transformation . However, a long-term follow-up
study of dysplasia within the ATZ showed the incidence
of dysplasia in the ATZ to be 4.5%, with significant
correlation to prepouch risk factors, including colorectal
[23]
cancer or dysplasia . Other contrasting studies argued
that the sphincter complex could be easily damaged and
[25]
functionally compromised . In addition, hand-sewn
anastomosis was reported to entail prolonged operative

time and frequent manipulation, resulting in decreased
[20,23]
functional outcome and increased complications
.
On the other hand, some studies suggest that there
is no significant difference in complications and bowel
frequencies between double-stapling and handsewn anastomosis, which was consistent with our
[14,23,26]
study
. In this study, manometric findings and
bowel frequencies were not different between the two
anastomosis types.
RAIR is recognized as an important contributor to
fecal continence through sampling and discrimination
of contents. Preservation of the RAIR has been shown
to correlate with a decreased incidence of nocturnal
[27]
soiling after RPC . RAIR decreases up to 75%-100%
in the immediate postoperative period, but is known
[28]
to recover over time . A recent study claims that
RAIR, which was identified in only 18% of patients
after low anterior resection, was checked in 21% after
1 year and in 85% after 2 years, denoting that it has
a significant meaning in the recovery of defecatory
[29]
function . In our study, recovery was seen in 20
patients (26.3%) and 5 patients (11.1%) after 6
and 12 postoperative months; however, additional
information was not obtained owing to follow-up loss
and inaccurate data.
Rectal capacity is known to be an important factor
in stool frequency and improves with time for 1-2
[12,13,30]
years after surgery
. In addition, rectal capacity
is a good index of the volume of the reservoir and can
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[31]

capacity and bowel frequency were stabilized at 12 mo after RPC. Although the
decreased maximal resting pressure (MRP) was improved after 18 mo, it did
not completely recover to the preoperative value.

play an important role in the storing of stool . This
is increased compared with before surgery owing to
the spontaneous adaptation of the ileal pouch and
[31]
anal sphincter after ileostomy closure . In some
studies, the rectal capacity was 140-142 mL before
ileostomy closure, 235-279 mL at 3-6 mo, and
[16]
338-344 mL at 12 mo . In this study, rectal capacity
also decreased in the immediate postoperative period,
gradually increased after 6 mo, and showed marked
improvement after 1 year, which seemed to contribute
to the recovery of defecatory function.
The functional parameters of bowel frequency,
which improved early after the operation, reached a
[32]
plateau by 2 years and remained stable thereafter .
Defecatory function recovers over time after ileo
stomy take down and stabilizes to 6 to 7 per day at
[32]
1 postoperative year . In a previous study, at 5
years after ileostomy closure, the average minimum
and maximum 24-h frequency was 3.6 and 4.7,
[33]
respectively . In another study, a bowel frequency
[34]
of 6 times/d was identified 3 years later . In another
report, the median bowel frequency per day was 6 at
[2]
a mean follow-up of 40 mo . A study of 100 J-pouch
procedures reported that the bowel frequency at 1,
3, 6, 12, and 24 mo was 7.5, 6.5, 6.2, 5.4 and 5.4,
[35]
respectively . These results were similar to that of our
study, which showed that the frequency decreased to
6.5 at 12 mo and 4.4 at 24 mo.
This study is limited by its retrospective design.
Mainly, we did not use any questionnaire along with
protocol. Major bias could result from the irregular
check-up and follow-up of manometry. However,
we attempted to minimize the bias of our study
through specialized statistics. We expected to show
the functional outcomes after RPC through our study.
However, owing to the limited parameters, our study
could show only a small part of the functional outcomes
and quality of life after RPC.
In conclusion, the manometric findings of MSP
and the rectal capacity and bowel frequency were
stabilized at 12 mo after RPC. Although the decreased
MRP was improved after 18 mo, it did not completely
recover to the preoperative value. These findings in
Korean patients with UC were not different from those
of Western patients with UC.

Innovations and breakthroughs

This study identified that the manometric findings and bowel frequency after
RPC in Korean patients with UC were not different from those of Western
patients with UC.

Applications

The presented research could be useful in studying the manometric functional
outcomes and bowel frequency of UC patients in Asia and South Koera.

Terminology

RPC: most RPCs were performed as two-stage procedures by using a doublestapling method. Ieal pouch-anal anastomosis (IPAA): included a 12-15-cmlong ileal J-pouch that was constructed by using linear staples and pouch-anal
anastomosis through a double-stapling technique.

Peer-review

The authors retrospectively reviewed the data of patients who underwent RPC
in a single institute and attempted to find the difference in functional outcomes
between Western and Korean patients. This study could show only a small part
of the functional outcomes and quality of life after RPC but the results were very
interesting.
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Abstract
AIM
To detect the expression of threonine and tyrosine
kinase (TTK) in gallbladder cancer (GBC) specimens
and analyze the associations between TTK expres
sion and clinicopathological parameters and clinical
prognosis.

Informed consent statement: All patients or their families
signed informed consent statements before surgery, and surgical
procedures were performed according to the approved guidelines.
Conflict-of-interest statement: We declare that the authors
have no conflict of interest.

METHODS
A total of 68 patients with GBC who underwent
surgical resection were enrolled in this study. The
expression of TTK in GBC tissues was detected by
immunohistochemistry. The assessment of TTK

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
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malignancy of the biliary tract. As a potentially
lethal disease, GBC has a dismal prognosis, with a
median survival of 3-11 mo and a 5-year survival of
[1]
3%-13% . Prolonged survival and better prognosis
could be primarily seen in a small group of patients
with incidental gallbladder cancer (IGBC), but this
fortunate scenario exists in only 0.3%-2% of all
performed cholecystectomies due to benign conditions
[2,3]
or after cholecystectomy . The incidence of GBC is
characterized by remarkable geographical variations
and ethnic disparities, with an extraordinarily high
[4]
occurrence in Chile, Japan, and northern India . The
incidence of GBC is quite low in most Western countries
and thus it is referred to as an orphan disease in
[5]
the United States . However, with increasing global
migration, the incidence of GBC in the West is on the
rise, making it a global disease and afflicting thousands
of individuals worldwide. Currently, radical surgical
resection remains to be the mainstay treatment to
extend the life expectancy for eligible patients. There
are few chemotherapeutic agents for patients with
GBC and there are low response rates to adjuvant
treatments.
The spindle assembly checkpoint (SAC) is a
safeguard mechanism that functions to monitor
improperly oriented chromosomes, generate correct
bipolar attachments to the spindle and minimize
chromosome missegregation errors prior to anaphase
[6,7]
onset . Threonine and tyrosine kinase (TTK) is a dualspecificity protein kinase capable of phosphorylating
[8]
threonines/serines and tyrosines . It is the core
component and major regulator of the SAC, which
is able to recruit and orchestrate other SAC protein
kinases to the kinetochore, thereby ensuring faithful
chromosome segregation and maintaining genome
[9,10]
stability
. Increased TTK levels are readily discovered
in many types of human tumors, including glioblastoma,
thyroid carcinoma, breast cancer, hepatocellular
carcinoma, pancreatic cancer as well as prostate cancer,
and TTK overexpression closely correlates with early
[11-23]
recurrence and poor survival
. We reviewed the
relevant clinical research and trials concerning TTK in
[24]
several human cancers , however, no prior studies
were found regarding the expression of TTK in patients
with GBC. In this study, we detected the expression of
TTK in GBC specimens and analyzed the associations
between TTK expression and clinicopathological
parameters and clinical prognosis.

expression was conducted using the H-scoring system.
H-score was calculated by the multiplication of the
overall staining intensity with the percentage of positive
cells. The expression of TTK in the cytoplasm and
nucleus was scored separately to achieve respective
H-score values. The correlations between TTK
expression and clinicopathological parameters and
clinical prognosis were analyzed using Chi-square test,
Kaplan-Meier method and Cox regression.
RESULTS
In both the nucleus and cytoplasm, the expression of
TTK in tumor tissues was significantly lower than that in
normal tissues (P < 0.001 and P = 0.026, respectively).
Using the median H-score as the cutoff value, it was
discovered that, GBC patients with higher levels of
TTK expression in the nucleus, but not the cytoplasm,
had favorable overall survival (P < 0.001), and it was
still statistically meaningful in Cox regression analysis.
Further investigation indicated that there were close
negative correlations between TTK expression and
tumor differentiation (P = 0.041), CA 19-9 levels (P =
0.016), T stage (P < 0.001), nodal involvement (P <
0.001), distant metastasis (P = 0.024) and TNM stage (P
< 0.001).
CONCLUSION
The expression of TTK in GBC is lower than that in
normal tissues. Higher levels of TTK expression in GBC
are concomitant with longer overall survival. TTK is a
favorable prognostic biomarker for patients with GBC.
Key words: Threonine and tyrosine kinase; Biomarker;
Prognosis; Gallbladder cancer
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Numerous studies demonstrate that high
levels of threonine and tyrosine kinase (TTK) are
present in many types of human malignancies, and its
overexpression closely correlates with early recurrence
and poor survival. However, no prior studies have
attempted to concentrate on the expression of TTK in
patients with gallbladder cancer (GBC). In this study,
we detected the expression of TTK in GBC specimens
and analyzed the associations between TTK expression
and clinicopathological parameters and clinical prognosis.
Xie Y, Lin JZ, Wang AQ, Xu WY, Long JY, Luo YF, Shi J, Liang
ZY, Sang XT, Zhao HT. Threonine and tyrosine kinase may
serve as a prognostic biomarker for gallbladder cancer. World J
Gastroenterol 2017; 23(31): 5787-5797 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i31/5787.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i31.5787

MATERIALS AND METHODS
Patients and tissue specimens

Sixty-eight cases were selected retrospectively from
patients with GBC who underwent surgical resection
at the Department of Liver Surgery of Peking Union
Medical College Hospital (PUMCH) between June 2004
and January 2014 (Figure 1). Sixty-eight pairs of GBC
specimens and adjacent normal tissue specimens were
acquired from these patients. Written informed consent

INTRODUCTION
Gallbladder cancer (GBC) is the most common
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a thickness of 5 µm and stained immunohistochemically.
Immunohistochemical staining was conducted manually
and each slide was strictly processed in accordance
with the immunohistochemical protocol. TTK polyclonal
antibody (HPA016834, Sigma, the United States,
1:100), produced in rabbit, was used for biomarker
expression analysis. High pressure induced antigen
retrieval was performed in the PBS buffer solution (pH
7.3), and subsequent TTK staining was carried out for
90 min at the room temperature. Small intestinal tissue
was recommended by the manufacturer as a positive
control, and staining without the primary antibody was
used as a negative control.
The immunohistochemical slides were evaluated
independently by two experienced pathologists in
a blinded fashion. The assessment of TTK staining
[25-28]
was conducted using the H-scoring system
, and
H-score was calculated by the multiplication of the
overall staining intensity with the percentage of posi
tive cells. The staining intensity was graded from
0 to 3 (0 = negative, 1 = weak, 2 = medium, 3 =
strong) and the positive percentage increased from
0 to 100. Theoretically, the final H-score values were
obtained with a range from 0 to 300. TTK staining in
the cytoplasm and nucleus was scored separately to
achieve respective values.

All initially screened GBC cases between
June 2004 and January 2014 at the
Department of Liver Surgery of PUMCH
Exclusion criteria:
Non-surgical resections
Papillary adenocarcinomas
Deaths within 1 mo due to
postoperative complications
Eligible GBC cases (n = 68)

Data collection:
Clinicopathological and
follow-up data collected

Expression assessment:
Immunohistochemical
staining and H-scoring

Data analyses:
Staining and H-scoring for TTK expression
Various comparisons and cutoff value for
TTK expression
Associations between TTK expression and
clinicopathological parameters
Correlations between TTK expression and
survival prognosis

Figure 1 Flow diagram of the study. A total of 68 cases were enrolled in the
study, with explicit exclusion criteria. After collecting clinicopathological and
follow-up data and conducting immunohistochemistry staining, correlations
between TTK expression and clinicopathological parameters and survival
prognosis were analyzed. GBC: Gallbladder cancer; PUMCH: Peking Union
Medical College Hospital; TTK: Threonine and tyrosine kinase.

Statistical analysis

Statistical analyses were performed using SPSS 17.0
software (Chicago, IL, United States). KolmogorovSmirnov test was used to assess the distribution of the
data and to decide the selection of statistical method.
Chi-square test was used to compare qualitative
variables and Mann-Whitney U test was used to com
pare the abnormally distributed variables. KaplanMeier method and log-rank test were used to compare
OS. All potential prognostic factors on univariate
analyses were entered into the Cox regression model.
Cox regression multivariate analysis was performed
further to identify the independent prognostic factors.
All P-values were two sided and considered statistically
significant when less than 0.05.

was obtained from each patient before surgery, and
surgical procedures were performed according to the
approved guidelines. Surgical types were categorized
as curative and noncurative resections. Curative
resection (R0) referred to en bloc resection with
a negative surgical margin, while the presence of
microscopic (R1) or macroscopic (R2) residual cancer
was considered noncurative. The clinicopathological
data were collected from the medical records and
the patients were followed from the date of surgery
till October 2016. Patients with GBC were staged
th
according to the 7 edition of American Joint Com
mittee on Cancer system. The assays for liver function
and serum tumor marker were considered positive
when concentrations were beyond the normal upper
limits. The follow-up data were obtained via outpatient
records, phone visits and personal emails. The
endpoint was overall survival (OS), defined as the time
interval from the date of surgery to the cancer-related
death. The study above was approved by the Ethics
Committee of PUMCH.

RESULTS
Clinicopathological characteristics and survival data

The mean and median ages of patients at surgery were
65 and 66 years (range, 35-79 years), separately.
The majority (57.4%) of patients were female and the
female:male ratio was 1.3:1. Gallstones were present
in 60.3% of cases. Slightly more than half (51.5%) of
patients underwent curative resection and moderately
to well-differentiated adenocarcinomas were found
in 77.9% of cases. Nodal involvement and distant
metastasis occurred in 44.1% and 11.8% of patients,
respectively. Three cases were completely lost to
follow-up after surgery. The median overall follow-up
period was 55 mo (range, 27-159 mo). The 1-year and

Immunohistochemistry and H-scoring for TTK

All fresh tissue specimens were collected and immersed
into 10% neutral-buffered formalin solution after
immediate surgical resection and then embedded in
paraffin. The paraffin-embedded tissues were sectioned at
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ⅢA

Table 1 Clinicopathological characteristics of the cohort
Characteristic
Age (yr)
≤ 65
> 65
Gender
Female
Male
Cholecystolithiasis
Yes
No
Diabetes
Yes
No
Fever
Yes
No
Jaundice
Yes
No
ALT
Normal
Elevated
AST
Normal
Elevated
TBil
Normal
Elevated
DBil
Normal
Elevated
GGT
Normal
Elevated
ALP
Normal
Elevated
CEA
Normal
Elevated
CA 19-9
Normal
Elevated
Surgical type
Curative
Noncurative
Tumor size (cm)
≤3
>3
Differentiation
Lowly-undifferentiated
Moderately-well
T stage
Tis
T1
T2
T3
N stage
N0
N1
N2
M stage
M0
M1
TNM stage

ⅢB
ⅣA

n (%)

ⅣB

33 (48.5)
35 (51.5)

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;
TBil: Total bilirubin; DBil: Direct bilirubin; GGT: Gamma-glutamyl
transpeptidase; ALP: Alkaline phosphatase; CEA: Carcinoembryonic
antigen; CA 19-9: Carbohydrate antigen 19-9.

39 (57.4)
29 (42.6)
41 (60.3)
27 (39.7)

Table 2 Threonine and tyrosine kinase staining results in
tumor and normal tissues

17 (25.0)
51 (75.0)

Positive cell rate (%)
n (%)
Median (range)
Tumor tissues Normal tissues Tumor tissues Normal tissues
Cytoplasmic staining
Negative
0
0
Positive
100 (10-100)
99 (40-100)
68 (100)
68 (100)
1+
55 (10-100)
85 (18-100)
41 (60.3)
14 (20.6)
2+
90 (5-100)
100 (80-100)
49 (72.1)
54 (79.4)
3+
20
90
1 (1.5)
1 (1.5)
Nuclear staining
Negative
8 (11.8)
2 (2.9)
Positive
15 (1-98)
60 (1-90)
60 (88.2)
66 (97.1)
1+
15 (1-85)
60 (1-90)
57 (83.8)
59 (86.8)
2+
45 (5-98)
90 (60-90)
8 (11.8)
7 (10.3)
3+
0
0
Localization

9 (13.2)
59 (86.8)
15 (22.1)
53 (77.9)
53 (77.9)
15 (22.1)
50 (75.8)
16 (24.2)
49 (72.1)
19 (27.9)
50 (73.5)
18 (26.5)

2-year survival rates were 66.2% and 41.2%, separately.
More information about the cohort is listed in Table 1.

43 (69.4)
19 (30.6)

Staining and H-scoring for TTK expression

TTK staining was counted and analyzed in the patients
(Table 2 and Figure 2). In tumor tissues, all specimens
displayed cytoplasmic staining, of which one case
was strongly positive (3+); most specimens (88.2%,
60/68) displayed nuclear staining, eight cases exhibited
negative nuclear staining, and no strongly positive
cases were found among the specimens. While in
normal tissues, overall specimens displayed cytoplasmic
staining, of which one case was strongly positive (3+);
nearly all specimens (97.1%, 66/68) displayed nuclear
staining, two cases exhibited negative nuclear staining,
and no strong positive cases were found within the
specimens.
We calculated the H-score in both tumor and
normal tissues (Table 3 and Figure 3), and it was
found that, in tumor tissues, TTK exhibited a median
H-score of 170 (range, 10-220) and 12.5 (range,
0-196) in the cytoplasm and nucleus, separately. While
in normal tissues, the median H-scores observed for
TTK were 190 (range, 40-270) and 60 (range, 0-180),
respectively.

45 (72.6)
17 (27.4)
42 (72.4)
16 (27.6)
26 (44.1)
33 (55.9)
35 (51.5)
33 (48.5)
43 (63.2)
25 (36.8)
15 (22.1)
53 (77.9)
1 (1.5)
3 (4.4)
29 (42.6)
35 (51.5)
38 (55.9)
22 (32.4)
8 (11.7)

Various comparisons and cutoff value for TTK
expression

60 (88.2%)
8 (11.8%)

Indicated by Kolmogorov-Smirnov test, the values of
H-score were distributed abnormally. Therefore, MannWhitney U test was selected to make comparisons for

4 (5.9)
24 (35.3)

Ⅰ
Ⅱ
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A

B

C

D

E

F

Figure 2 Immunohistochemical staining of tumor tissues (magnification, × 200). A-C: Cytoplasm staining with 3+, 2+ and 1+ intensity, respectively; D-F: Nuclear
staining with 2+, 1+ and 0+ intensity, respectively.
300

Table 3 H-score values in tumor and normal tissues
Group

n

Localization

Minimum

Maximum

Tumor

68
68
68
68

Nucleus
Cytoplasm
Nucleus
Cytoplasm

0
10
0
40

196
220
180
270

Normal

250
Median

200

12.5
170
60
190

150
100
50
0

Group

n

<0.0011

TT
tu K e
rm x
or pre
ne sse
uc d
le in
us
TT
K
tu
m ex
ou pr
r c es
yt sed
pl
as in
m
TT
no K e
rm xp
al re
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le in
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TT
no K e
rm xp
al re
cy sse
to
pl d in
sm

Table 4 Various comparisons in tumor and normal tissues for
threonine and tyrosine kinase expression

<0.0011

Figure 3 Boxplot for H-scores in tumor and normal tissues. TTK: Threonine
and tyrosine kinase.

Minimum Maximum Median Mean rank P value

Comparison between nucleus and cytoplasm in normal tissues
Nucleus
68
0
180
60
39.65
Cytoplasm 68
40
270
190
97.35
Comparison between nucleus and cytoplasm in tumor tissues
Nucleus
68
0
196
12.5
38.98
Cytoplasm 68
10
220
170
98.02
Comparison between tumor and normal tissues in nucleus
Tumor
68
0
196
12.5
49.54
Normal
68
0
180
60
87.46
Comparison between tumor and normal tissues in cytoplasm
Tumor
68
10
220
170
61.19
Normal
68
40
270
190
75.81

TTK in tumor tissues, compared with normal tissues (P
< 0.001 and P = 0.026, respectively).
For patients with GBC, the population was divided
into two groups according to the median H-score
values of the nuclear and cytoplasmic staining.
Surprisingly, we found that, patients with higher
H-score values in the nucleus, but not the cytoplasm,
had favorable OS (Figure 4A), and it was still
statistically meaningful in Cox regression multivariate
analysis (Table 5). Thus, the median nuclear H-score
[29]
was used as the discriminating threshold
and the
cutoff value was set at 12.5.

<0.0011

0.0261

1

Statistically significant.

them (Table 4). In both tumor and normal tissues,
the expression of TTK in the nucleus was significantly
lower than that in the cytoplasm (P < 0.001 for both).
Moreover, we found that, in both the nucleus and
cytoplasm, there was significantly lower expression of
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B
TTK low expression
TTK high expression
P < 0.001
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Figure 4 Kaplan-Meier survival analyses in different subgroups, according to threonine and tyrosine kinase expression. A: The whole cohort; B: T1 + 2 group; C:
T3 group; D: Negative nodal involvement group; E: Positive nodal involvement group; F: Free distant metastasis group; G: Stage Ⅰ + Ⅱ group; H: Stage Ⅲ + Ⅳ group.
TTK: Threonine and tyrosine kinase.

Correlations between TTK expression and
clinicopathological parameters

expression rates were observed in patients with normal
CA 19-9 levels, moderately to well-differentiated
tumors, T stages 1 + 2, negative nodal involvement,
free distant metastasis and TNM stagesⅠ + Ⅱ , in
contrast to the ones with elevated CA 19-9 levels,
lowly to undifferentiated tumors, T stage 3, positive
nodal involvement, distant metastasis and TNM stages
Ⅲ + Ⅳ, respectively.

The correlations between TTK expression and clini
copathological parameters are detailed in Table 6.
There were no significant associations between TTK
expressions and age, gender, tumor size or CEA levels.
However, TTK expression exhibited significant negative
correlations with tumor differentiation (P = 0.041),
CA 19-9 levels (P = 0.016), T stage (P < 0.001),
nodal involvement (P < 0.001), distant metastasis
(P = 0.024) and TNM stage (P < 0.001). Higher TTK
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Table 5 Univariate and multivariate analyses for gallbladder
cancer
χ2

P value

Table 6 Correlations between TTK expression and
clinicopathological parameters

OR (95%CI)

Parameter

χ

TTK expression

2

P -value

Low expression High expression

Univariate
Age
Gender
Cholecystolithiasis
Diabetes
Fever
Jaundice1
ALT1
AST1
TBil
DBil1
GGT
ALP1
CEA
CA 19-91
Surgical type1
Tumor size
Differentiation1
T stage1
N stage1
M stage1
TNM stage1
TTK1
Multivariate
Surgery type1
T stage1
TTK1

2.221
0.167
0.346
0.165
0.001
5.110
7.781
5.708
0.241
6.645
0.899
4.099
3.137
12.385
20.715
0.099
12.385
21.594
19.887
29.503
33.062
21.226

Age (yr)
≤ 65
> 65
Gender
Female
Male
CEA
Normal
Elevated
CA 19-91
Normal
Elevated
Tumor size
≤ 3
>3
Differentiation1
Lowlyundifferentiated
Moderately-well
T stage1
1+2
3
Nodal involvement1
Negative
Positive
Metastasis1
M0
M1
TNM stage 1
Ⅰ+Ⅱ
Ⅲ+Ⅳ

0.136
0.683
0.558
0.685
0.989
0.0241
0.0051
0.0171
0.516
0.0101
0.343
0.0431
0.077
< 0.0011
< 0.0011
0.754
< 0.0011
< 0.0011
< 0.0011
< 0.0011
< 0.0011
< 0.0011
0.0011
0.0131
0.0011

4.250 (1.867-9.674)
2.927 (1.258-6.808)
0.076 (0.024-0.241)

1

Statistically significant. ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; GGT: Gamma-glutamyl transpeptidase; CEA:
Carcinoembryonic antigen; TTK: Threonine and tyrosine kinase.

17
17

0.059

0.808

20
13

19
16

0.277

0.598

20
12

22
4

3.512

0.061

10
23

16
10

5.756

0.0161

22
12

21
13

0.063

0.801

11

4

4.191

0.0411

23

30

8
26

25
9

17.015 < 0.0011

12
22

26
8

11.691 < 0.0011

27
7

33
1

5
29

23
11

5.100

0.0241

19.671 < 0.0011

1

Statistically significant. CEA: Carcinoembryonic antigen; TTK: Threonine
and tyrosine kinase.

the 68 patients. Univariate survival analysis (Table 5)
revealed that TTK expression (P < 0.001), jaundice
(P = 0.024), concentrations of ALT (P = 0.005), AST
(P = 0.017), ALP (P = 0.043), DBil (P = 0.010), CA
19-9 (P < 0.001), surgical type (P < 0.001), tumor
differentiation (P < 0.001), T (P < 0.001), N (P <
0.001), M (P < 0.001) and TNM stages (P < 0.001)
were associated with OS in patients with GBC, while
age, gender, fever, cholecystolithiasis, diabetes,
concentrations of TBil, GGT and CEA had no significant
influence on the survival in our study.
Cox regression multivariate analysis revealed
that surgical type, T stage and TTK expression were
independent prognostic factors for OS (Table 5).
Further, subgroup analysis by log-rank test indicated
that patients with higher levels of TTK expression had
longer OS and better prognosis, regardless of T, N, M,
or TNM stage, in comparison with the ones with lower
TTK expression (Figure 4 B-H).

In the present study, it was discovered that,
the overall expression of TTK in tumor tissues was
significantly lower than that in normal tissues, and
GBC patients with higher TTK expression had a better
prognosis. By contrast, TTK overexpression was found
in numerous neoplasms, where they were concomitant
with a worse prognosis. Consistent with our results, Xu
[30]
et al
also found that increased TTK expression was
related with prolonged disease free survival and OS in
triple-negative breast cancer, but without comparisons
between tumor and normal tissues. It may be sug
gested that TTK plays a certain role in the initiation
of GBC. TTK is required for the execution of the SAC
machinery during mitosis and conductive to the fidelity
of chromosome segregations at the kinetochores. The
inhibition of TTK activity could therefore compromise
the function of the SAC and culminate in undesirable
effects, including chromosomal instability (CIN),
[31-35]
aneuploidy formation, cell death or carcinogenesis
.
It is widely accepted that chromosomal instability is
correlative with intratumor heterogeneity, chromosome
aberrations and aneuploidy formations. In fact,
aneuploidy has been found at the earliest stages of
carcinogenesis and CIN is considered a fundamental
[36]
process for cancer development . So far, a premature

DISCUSSION
On account of its critical role in maintaining chromosome
stability, an increasing number of researchers have
concentrated on the relationship between TTK and
cancer. While TTK has been studied in many types
of malignancies, no prior research has been found
regarding its expression and clinical prognosis, in GBC.
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A

B

C

Figure 5 Diagram for possible mechanism concerning threonine and tyrosine kinase and carcinogenesis. A: Sister chromatids are properly arrayed in the
equatorial plate at metaphase, with correct attachments to microtubules by kinetochores, attributed to the normal spindle assembly checkpoint (SAC) safeguard
mechanism; B: Aberrant TTK expression, either increased or decreased expressions, could definitely compromise the functions of the SAC, with frequent chromosome
missegregation errors; C: Severe chromosome missegregation errors, due to the override of SAC function, could result in chromosomal instabilities, aneuploidy
formations, cell deaths and carcinogenesis; TTK: Threonine and tyrosine kinase.

termination of TTK synthesis, due to cancer-associated
frameshift mutations, has been frequently found
in gastric and colorectal cancers with microsatellite
[37]
instability . Whether the same process takes place in
GBC remains to be explored afterwards.
Apart from the variances between tumor and
normal tissues, it was revealed in our current study
that there were significant negative correlations
between TTK expression and tumor differentiation,
T, N, M as well as TNM stages. Furthermore, it was
discovered that lower levels of TTK expressions were
more helpful for cancer infiltration, nodal involvement
and distant metastasis. Patients with higher levels of
TTK expression at the same stage had a longer OS
than those with lower levels of TTK expression. Thus,
TTK may serve as a positive biomarker indicative of
prognosis and make a strategic choice for clinicians. For
instance, patients with higher levels of TTK expression
perhaps could benefit better from the adjuvant
chemo- or radio-therapy, in contrast to the ones with
lower expression. The use of TTK expression may be
more important for patients with IGBC. Currently,
the management of IGBC is primarily dictated by T
stage alone, with a re-resection recommendation for
[38]
T1b, T2, or T3 disease . In terms of T1a patients,
simple laparoscopic cholecystectomy is sufficient, with
[39]
a 5-year survival rate of 95.5% . If lower levels of
TTK expression are detected in cancer specimens,
more attention should be paid to these patients, due
to a larger likelihood of nodal involvement and distant
metastasis in the future. The survival of the remaining
4.5% of patients may be improved, with a combination
of routine pathology and TTK expression.
Of note, our study may provide theoretical support
for immunotherapy and targeted therapy in different
tumors concerning TTK. TTK has been utilized as an
immunogenic epitope to elicit potent and peptidespecific cytotoxic T lymphocyte activity against cancer
cells. Its safety, immunogenicity and clinical response
have been validated in some clinical trials, including lung
[40-46]
cancer, esophageal cancer and biliary tract cancer
.
Even, in a variety of human tumors, TTK has been used
as a therapeutic target for innovative approaches in
combating the malignancies, involving glioblastoma,
breast cancer, hepatocellular carcinoma and pancreatic
[11,12,14-16,18-21]
cancer
. TTK inhibitors could give rise
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to attenuated aggressiveness, reduced viability,
augmented autophagy and increased apoptosis in
these cancers. Further, phase Ⅰ clinical trials of oral
TTK inhibitors (BAY1161909, BAY1217389) have
been performed in breast cancer (ClinicalTrials.gov
ID: NCT02138812, NCT02366949). In terms of these
tumors above, TTK overexpression is exploited and
TTK-targeted therapies are available. Nevertheless, it
should be cautious for these therapies applied in GBC,
due to the low TTK expression.
To date, some mechanisms have been revealed
in several tumors, concerning TTK and neoplasia.
It was unveiled that, in hepatocellular carcinoma,
demethylations of TTK promoters were conducive to
its overexpression and highly expressed TTK could
activate the Akt/mTOR pathway in a p53 dependent
[18]
fashion . Moreover, in melanoma, TTK/AKT and
WT
B-Raf /ERK signaling constituted an auto-regulatory
negative feedback loop together, and continuous
V600E
phosphorylations of TTK through oncogenic B-Raf
signaling were able to abrogate the negative
feedback loop, leading to aberrant SAC function and
[47,48]
tumorigenesis
. It was discovered that, in breast
cancer, high levels of TTK expression were protective
for aneuploidy and enabled these cells to tolerate
[49]
aneuploidy . While in colon cancer, overexpressed
TTK could increase aneuploidy, owing to a weakened
[50]
SAC function, and contribute to carcinogenesis .
Among studies available in the literature, it was
demonstrated that overexpression of TTK correlated
positively with tumor grades and poor survival.
Conversely, it was indicated in our study that, lower
expression of TTK correlated closely with tumor grade
and dismal prognosis. Taken together, aberrant TTK
expression, either increased or decreased expression,
is clearly correlated with tumorigenesis, which may
result from chromosomal instabilities and aneuploidy
formations, as a result of compromised SAC functions
(Figure 5). Therefore, TTK may play different roles in
disparate malignancies, and more thorough research
studies are still encouraged to verify the exact
relationships between TTK and cancers, as well as the
subtle mechanisms.
Recently, it has been found that TP53, KRAS and
ERBB3 are the most frequent somatic mutations in the
[51]
GBC spectrum . Additionally, striking progress has
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oriented chromosomes, generate correct bipolar attachments to the spindle
and minimize chromosome missegregation errors prior to anaphase onset. TTK
is a dual-specificity protein kinase that phosphorylates threonines/serines and
tyrosines. TTK acts as the core component and major regulator of the SAC,
which functions to recruit and orchestrate other SAC protein kinases to the
kinetochore, thereby ensuring faithful chromosome segregation and maintaining
genome stability.

been made in the clarification of emergent intracellular
signaling pathways, such as Hedgehog, PI3K/AKT/
[52]
mTOR and Notch, which are activated in GBC . These
promising studies may provide valuable clues for the
deep insight into the roles that TTK plays in GBC.
Our study has several limitations. Primarily, the
study was retrospective, and all the information of
each patient was collected from medical records,
which may contribute to the selection bias. Next, it
was a single-institutional investigation and the number
of cases was relatively small, restricting the power
of statistical analysis. Finally, some patients received
postoperative chemotherapy or radiotherapy, and the
effects of these adjuvant therapies on prognosis were
not considered, in spite of limited survival benefits
brought by them. For these reasons above, multiinstitutional investigations and prospective studies
are required to explore the expression of TTK in GBC,
and further evaluate its clinical significance in a larger
cohort of patients.
In conclusion, our data suggest that the expression
of TTK in GBC is lower than that in normal tissues.
Higher levels of TTK expression are concomitant with
longer overall survival in GBC. TTK is a favorable
prognostic biomarker for patients with GBC.

Peer-review

This is an interesting study about the TTK in GBC. In this study, the authors
investigated the expression of TTK in GBC specimens and the associations
between TTK expression and clinicopathological parameters and clinical
prognosis. The authors found that using the median H-score as the cutoff value,
patients with higher levels of TTK expression in the nucleus had favorable
overall survival. This study is overall well-designed and the manuscript is very
well-written.
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Abstract
AIM
To assess the efficacy of a modified approach with
transanal total mesorectal excision (taTME) using
simple customized instruments in male patients with
low rectal cancer.

Informed consent statement: Informed consent was obtained
from all individual participants included in the study.

METHODS
A total of 115 male patients with low rectal cancer from
December 2006 to August 2015 were retrospectively
studied. All patients had a bulky tumor (tumor diameter
≥ 40 mm). Forty-one patients (group A) underwent a
classical approach of transabdominal total mesorectal
excision (TME) and transanal intersphincteric resection
(ISR), and the other 74 patients (group B) underwent
a modified approach with transabdominal TME,
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tumors that lead to high rates of morbidity and
considerable mortality. High-quality surgery is of great
importance in curing patients with rectal cancer. Total
mesorectal excision (TME), which considers the rectum
and mesorectum as one lymphovascular structure and
[1]
requires its excision within an intact fascia propria ,
has been shown to significantly reduce the rate of local
recurrence and increase the survival rate. Therefore,
TME is generally accepted as the gold standard for
[2]
surgical treatment of rectal cancer . However, during
the surgical procedure of TME, distal mesorectal
excision becomes difficult when the tumor is low
[3]
and near to the pelvic floor. Williams described the
area of the distal rectum that lies within the pelvic
floor musculature as “no man’s land” in rectal cancer
surgery. The so-called “no man’s land” cannot usually
be reached from the abdomen and has been relatively
inviolate as far as surgical exploration is concerned. It
is particularly difficult to dissect the end of the rectum
in some patients with low rectal cancers, such as those
with a narrow pelvis and large tumor volume. These
conditions may affect the surgical quality and lead
to incomplete mesorectal excision and higher local
[4-6]
recurrence rates, thus reducing the survival rate .
Recently, many studies have suggested that a
[7,8]
transanal approach may resolve these issues
by
greatly facilitating distal rectal dissection and providing
high-quality TME specimens. Most of these studies used
a specialized platform, such as a transanal endoscopic
operation platform. However, few institutions around
the world could perform this surgery. To date, most
colorectal surgeons do not have access to the equip
ment needed for transanal endoscopic operation
nor have they had formal training with this device.
Moreover, application of transanal endoscopic operation
has remained limited due to high costs and the
complexity for surgeons.
During the past 10 years, we applied simple custo
mized instruments to perform retrograde transanal
TME for male patients with low rectal cancers. With the
help of these simple instruments, we have been able
to acquire clearer surgical exposure and easily cross
the “no man’s land” under direct observation. Here, we
introduce this procedure employing simple instruments
and present the operative results from our study.

transanal ISR, and taTME. Some simple instruments
including modified retractors and an anal dilator with
a papilionaceous fixture were used to perform taTME.
The operative time, quality of mesorectal excision,
circumferential resection margin, local recurrence, and
postoperative survival were evaluated.
RESULTS
All 115 patients had successful sphincter preservation.
The operative time in group B (240 min, range:
160-330 min) was significantly shorter than that in
group A (280 min, range: 200-360 min; P = 0.000).
Compared with group A, more complete distal
mesorectum and total mesorectum were achieved in
group B (100% vs 75.6%, P = 0.000; 90.5% vs 70.7%,
P = 0.008, respectively). After 46.1 ± 25.6 mo followup, group B had a lower local recurrence rate and
higher disease-free survival rate compared with group
A, but these differences were not statistically significant
(5.4% vs 14.6%, P = 0.093; 79.5% vs 65.1%, P =
0.130).
CONCLUSION
Retrograde taTME with simple customized instruments
can achieve high-quality TME, and it might be an
effective and economical alternative for male patients
with bulky tumors.
Key words: Rectal neoplasm; Total mesorectal excision;
Transanal approach; Intersphincteric resection; longterm outcome; Local recurrence
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Distal mesorectal excision is difficult in
male patients with low rectal cancers, especially
with a bulky tumor. We explored the application of
simple instruments including modified retractors
and an anal dilator with a papilionaceous fixture to
perform transanal total mesorectal excision (taTME)
in male patients with low rectal cancer. Our results
showed that the modified approach with taTME
achieved a shorter operative time and better quality
of mesorectal excision as compared with the classical
approach. This procedure may be an effective and
economical alternative for taTME when a giant tumor is
encountered in patients with low rectal cancer.

MATERIALS AND METHODS

Xu C, Song HY, Han SL, Ni SC, Zhang HX, Xing CG. Simple
instruments facilitating achievement of transanal total mesorectal
excision in male patients. World J Gastroenterol 2017;
23(31): 5798-5808 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i31/5798.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i31.5798

Patient selection

A total of 3497 consecutive patients underwent radical
resection for rectal cancer (tumors located within 12
cm of the anal verge) at the First Affiliated Hospital
of Wenzhou Medical University (China) between
December 2006 and August 2015. Of these, 115
patients were enrolled in this study.
The inclusion criteria were as follows: (1) tumor
margin located ≤ 5 cm from the anal verge; (2)
palpable resectable primary tumor detectable by

INTRODUCTION
Rectal cancer is one of the most common malignant
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A

B

Figure 1 Preparation of special instruments. A: The retractors, which are modified from thyroid retractors, could be adapted to the curvature of the pelvis manually.
Red dots show the turning point of the retractor during transanal operation; B: An anal dilator with a papilionaceous fixture from a stapler device for hemorrhoids,
which was placed after completion of intersphincteric resection.

digital examination, and no tumor invasion in the
external sphincter, levator ani, and puborectalis
muscles by magnetic resonance imaging (MRI); (3)
no distant metastasis found before operation; (4)
refusal to undergo abdominoperineal resection of
the rectal carcinoma and strong desire for sphincter
preservation; and (5) huge tumor volume (tumor
diameter ≥ 40 mm).
Since 2011, we have recommended temporal
stoma to most patients to improve their quality of
life in the early period after operation. All of the
procedures were performed by three senior colorectal
surgeons.

retrograde irrigation of the anal canal with povidoneiodine solution. The rectum and anal canal were
circumferentially dissected 2 cm below the tumor.
The potential space between the internal and external
sphincter was entered and dissected to the superior
border of the anorectal ring.
Step 3: Retrograde transanal TME. For preparation
of special instruments, two flexible retractors of
25 cm in length were modified from the thyroid
retractor and could be adapted to the curvature of
the pelvis manually. We also used an anal dilator with
a papilionaceous fixture from a stapler device for
hemorrhoids (Figure 1).
For retrograde dissection, a circular anal dilator
with a diameter of 34 mm was introduced with
an obturator device, which replaced the Lone Star
Retractor for holding the anal canal open. The dilator
was then sutured to the anal margin with four cardinal
stitches. After removing the obturator, dissection of
the distal mesorectum was pursued by alternating
bilateral, posterior and anterior dissection (Figure 2).
(1) Bilateral mobilization of the distal rectum (Figure
2A): Dissection was started along the natural boundary
between the surface of the levator ani muscle and
mesorectum toward the pelvic cavity assisted by two
specially designed retractors. After the whole internal
sphincter was dissected from the external sphincter,
the space between the levator ani muscle and the
mesorectum could be detected. The two retractors
were inserted into this space and expanded it. The
distance of bilateral mobilization toward the pelvic
cavity could reach 10 cm according to the length of
the retractors; (2) Posterior mobilization of the distal
rectum (Figure 2B): The hiatal ligament was cut off
after sharp dissection along the natural boundary
between the surface of the levator ani muscle and
mesorectum with an electrocautery or ultracision
harmonic scalpel; and (3) Anterior mobilization of the
distal rectum (Figure 2C): The rectourethral muscle
was cut off, and the Denonvilliers fascia was sharply

Preoperative adjuvant therapy

The preoperative clinical stage of rectal cancer was
assessed by abdominal computed tomography (CT)
and pelvic MRI with 3.0-T system. Patients with stage
cTNM Ⅱ-Ⅲ were recommended to receive preoperative
neoadjuvant chemoradiotherapy according to Clinical
Guideline of Colorectal Cancer in China since 2010,
but only 19 patients fulfilled the regimens, which was
performed over a 5-wk period. A dose of 45-50 Gy in
25 fractions was administered along with capecitabine
2
(825 mg/m per day) to enhance the efficacy of
th
th
radiotherapy. Surgery was performed in the 6 to 8
weeks after neoradiotherapy.

Surgical procedures

Step 1: Transabdominal TME. The dissection was
started by high ligation of the inferior mesenteric
vessels, followed by mobilization of the sigmoid colon,
descending colon and splenic flexure of colon. The
dissection was performed following the principles
of TME working in “the holy plane”, which ensured
excision of the whole rectum and mesorectum as one
distinct lymphovascular entity.
Step 2: Transanal ISR. The lower margin of the
tumor was closed with submucosal purse-string
sutures under direct observation, followed by
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A

B

C

Figure 2 Dissection of the distal mesorectum in retrograde transanal total mesorectal excision. A: Bilateral mobilization of the distal rectum. Dissection is
started along the natural boundary between the surface of the levator ani muscle and mesorectum toward the pelvic cavity assisted. The two retractors are inserted
into this space and used to expand it. The distance of bilateral mobilization toward the pelvic cavity could reach 10 cm according to the length of the retractors; B:
Posterior mobilization of the distal rectum. The hiatal ligament is cut off after sharp dissection along the natural boundary between the surface of the levator ani
muscle and mesorectum with an electrocautery or ultracision harmonic scalpel; C: Anterior mobilization of the distal rectum. The rectourethral muscle is cut off, and
the Denonvilliers fascia is sharply dissected between the anterior and posterior lobes. White arrows indicate the rectum and its mesorectum, and red arrow indicates
the levator ani muscle or Denonvilliers fascia.

dissected between the anterior and posterior lobes. On
both sides of the rear of the prostate, the components
of the pelvic autonomic nervous plexus (Walsh
bundle) were identified and protected. The dissection
approached the superior border of the prostate
anteriorly and coccygeal posteriorly. Histological
evaluation of the invasion of tumor cells was performed
on the dissected plane (the external sphincter and/
or the levator ani) by microscopic examination of
a frozen-section specimen. If any tumor cells were
found, the procedure was suspended immediately and
converted to abdominoperineal resection.
The tumor specimen was removed when the
transanal operation met the gauzes previously placed
at the pelvis transabdominally.

involved when the tumor was within 1 mm of the
resected CRM.
Each freshly excised specimen was evaluated by
an experienced pathologist before formalin fixation.
Macroscopic assessments of the resected specimen
were made as follows:
Complete: intact mesorectum with only minor irre
gularities of a smooth mesorectal surface is observed
macroscopically. No defect is deeper than 5 mm, and
there is no coning toward the distal margin of the
specimen. There is a smooth circumferential resection
margin on slicing.
Nearly complete: moderate bulk to the mesorectum,
but with irregularity of the mesorectum surface is
observed macroscopically. Moderate coning of the
specimen is allowed. At no site is the muscularis propria
visible, with the exception of the insertion of the levator
muscles.
Incomplete: little bulk to the mesorectum, with
defects down onto the muscularis propria and/or very
irregular circumferential resection margin is observed
macroscopically.

Step 4: Abdominal closure. The surgical field was
rinsed, and the sigmoid stump was pulled down
without tension to the anus. The colon and anal canal
were interruptedly sutured using the absorbable 3-0
thread under assistance of an anal ligation device. The
drainage tubes of the anal canal were placed across
the coloanal anastomotic stoma.
The abdomen was closed, and an ileostomy was
performed prophylactically. The classical approach was
performed with Step 1 (transabdominal TME), Step
2 (transanal ISR) and Step 4 (abdominal closure),
whereas the modified approach included Step 1 but
only extending to the superior border of the anterior
prostate and posterior coccygeal and then the perineal
procedure was performed including Step 2, Step 3
(retrograde transanal TME) and Step 4.

Assessment of postoperative complications

Postoperative complications represent all complications
that were recorded, and the Clavien-Dindo grade
(grades Ⅰ-Ⅴ) was used to classify the complications
[9]
within 30 d postoperatively .

Postoperative therapy

The patients were recommended to receive post
operative adjuvant radiotherapy and/or chemotherapy
based on pTNM staging 3 wk after surgery. Radiation
therapy fields should include the tumor bed, which
should be defined by preoperative radiologic imaging
and/or surgical clips. Radiation doses should be: 45-50
Gy in 25-28 fractions. 5-FU-based chemotherapy
should be delivered concurrently with radiation. The

Pathologic assessment of the resected specimen

Histopathological reports included TNM staging
systems and other tumor prognostic factors, such as
the status of circumferential resection margin (CRM)
and distal margin. The CRM was considered to be
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Table 1 Clinical characteristics of male patients with low rectal cancer n (%)
Variable
Age in yr1
ASA score
1
2
3
BMI1
Intertuberous diameter in mm2
Distance of tumors from the anal verge in mm2
Tumor diameter in mm2
Laparoscopy for abdominal operation
Ostomy
Operators
A
B
C
Neoadjuvant radiotherapy
Adjuvant radiotherapy
Adjuvant chemotherapy
pT
pT1
pT2
pT3
TNM stage
Stage Ⅰ
Stage Ⅱ
Stage Ⅲ

Group A, n = 41

Group B, n = 74

P value

62.4 ± 11.2

59.0 ± 12.6

0.630
0.787

6 (14.6)
24 (58.5)
11 (26.8)
24.8 ± 2.3
98 (83-110)
4 (0.5-5)
50 (40-70)
17 (41.5)
18 (43.9)

8 (10.8)
43 (58.1)
23 (31.1)
25.0 ± 2.8
99 (86-111)
4 (1-5)
50 (40-70)
43 (58.1)
72 (97.3)

26 (63.4)
9 (22.0)
6 (14.6)
3 (12.5)
2 (7.7)
16 (55.2)

51 (68.9)
13 (17.6)
10 (13.5)
16 (35.6)
4 (11.8)
32 (64.0)

2 (4.9)
12 (29.3)
27 (65.9)

4 (5.4)
30 (40.5)
40 (54.1)

12 (29.3)
13 (31.7)
16 (39.0)

28 (37.8)
29 (39.2)
17 (23.0)

0.193
0.426
0.160
0.679
0.087
0.000
0.815

0.041
0.602
0.439
0.458

0.189

1

Values are mean ± SD; 2Values are median (range). Group A: A classical approach; Group B: A modified approach with retrograde transanal total
mesorectal excision. BMI: Body mass index; TNM: Tumor node metastasis.

chemotherapy regimen of FOLFOX6, m FOLFOX6
or XELOX was recommended to patients with TNM
stage Ⅱ or Ⅲ. Six patients received postoperative
adjuvant chemoradiotherapy, and 48 patients received
postoperative adjuvant chemotherapy.

data that followed a normal distribution are presented
as mean ± SD and were compared by the t-test.
Quantitative data that followed a non-normal dis
tribution are presented as median (range) and were
compared by Mann-Whitney U test. Comparisons were
2
performed using the Pearson χ test or Fisher exact
test for categorical variables. In addition, the Wilcoxon
Mann-Whitney test was applied to compare the
Clavien-Dindo classifications of the two groups. Survival
was estimated using the Kaplan-Meier method, and
the log-rank test was used to compare survival curves.
Overall survival was defined as the time from the date
of surgery to the date of death or date of last follow-up
for living patients. All of the tests were two-sided with a
level of significance set at P < 0.05.

Follow-up protocol

Seven of the 115 patients were lost to follow-up.
Patients were followed by serial clinical examination and
carcinoembryonic antigen assessment every 3-6 mo for
2 year and then every 6 mo for a total of 5 year. Chest/
abdominal/pelvic CT scanning was performed every
6-12 mo for up to 5 year. Colonoscopy was performed
every 1 year. Local recurrence was defined as the
first clinical, radiologic and/or pathologic evidence of a
tumor of the same histological type within the pelvis.
Distant recurrence was defined as clinical, radiologic
and/or pathologic evidence of systemic disease outside
the pelvis, at sites including but not limited to the liver,
lungs, and para-aortic region.

RESULTS
Clinical characteristics of patients with low rectal cancer

Successful sphincter preservation was achieved for
all of the 115 male patients with lower rectal cancer.
Among these patients, 41 patients underwent a
classical approach (group A) and 74 patients underwent
a modified approach with retrograde transanal TME
(group B). There were no differences in age, ASA score,
BMI, intertuberous diameter, distance of tumors from
the anal verge, tumor diameter, rate of laparoscopy for
abdominal operation, operators, pT stage or TNM stage
between groups A and B (Table 1). We performed
more “ostomy” procedures in group B (97.3%, 72/74)

Anal sphincter function assessment

Anal sphincter function was evaluated at 1 year after
operation. Anorectal manometry was used to estimate
anal function, and incontinence status was assessed
[10]
[11]
by Wexner’s score and Kirwan’s classification .

Statistical analysis

All data were analyzed using SPSS statistics software
(version 21.0; Chicago, IL, United States). Quantitative
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A

B

Figure 3 Specimen was examined by a pathologist. A: The anterior side of specimen; B: The posterior side of specimen. The black dotted line shows the boundary
of transabdominal total mesorectal excision (TME) and retrograde transanal TME. The lower rectum had a smoother mesorectum surface compared with the upper
rectum. TME: Total mesorectal excision.

Table 2 Clinicopathological outcomes n (%)
Group A, n = 41

Variable
Total operating time in min2
Blood loss in mL2
Hospital stays after operation2
Distance of tumors from distal margin in mm1
Distal mesorectum
Complete
Nearly complete
Incomplete
Total mesorectum
Complete
Nearly complete
Incomplete
Distal involvement
Positive
Negative
Circumferential resection margin
Positive
Negative

280 (200-360)
80 (20-500)
8 (7-23)
16.9 ± 5.3

Group B, n = 74
240 (160-330)
60 (20-300)
8 (6-19)
17.9 ± 4.9

31 (75.6)
7 (17.1)
3 (7.3)

74 (100)
0 (0)
0 (0)

29 (70.7)
9 (22.0)
3 (7.3)

67 (90.5)
7 (9.5)
0

0 (0)
41 (100)

0 (0)
74 (100)

2 (4.9)
39 (95.1)

2 (2.7)
72 (97.3)

P value
0.000
0.184
0.341
0.466
0.000

0.008

1.000

0.543

1

Values are mean ± SD; 2Values are median (range). Group A: A classical approach; Group B: A modified approach with transanal total mesorectal excision.

compared with group A (43.9%, 18/41; P = 0.000) to
reduce the rate of anastomostic leakage. Twenty-four
and forty-five patients had stage cTNM Ⅱ-Ⅲ cancer in
groups A and B, respectively. Clinically, neoadjuvant
radiotherapy was applied more frequently in group
B (35.6%, 16/45) than in group A (12.5%, 3/24; P
= 0.041). Four patients had down-staging. In group
A, 26 and 29 patients were suggested to receive
adjuvant radiotherapy and adjuvant chemotherapy,
respectively. These numbers were 34 and 50 in group
B, respectively. However, only some of them actually
accepted adjuvant radiotherapy and chemotherapy
(Table 1).

range: 160-330 min) was significantly shorter than
that in group A (280 min, range: 200-360 min; P =
0.000). Moreover, compared with group A, the resected
specimen in group B had a superior TME quality (Figure
3). The rates of complete distal mesorectum and
complete total mesorectum were 100.0% and 90.5%
in group B, and these were significantly higher than
those in group A (75.6%, P = 0.000 and 70.7%, P =
0.008, respectively). There were no differences in the
involvement of the circumferential resection margin
and distal margin between the two groups (Table 2).
The completion status of the surgery on the pelvic
floor (the location of the distal rectum) could be clearly
observed via the anus after removal of the specimen
(Figure 4).

Surgical results

In this study, we assessed the surgery quality in
the two groups by evaluating the operative time,
the completeness of distal mesorectum and total
mesorectum, circumferential resection margin, and
distal margin. The operative time in group B (240 min,
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Postoperative complications of surgery

There were no perioperative deaths in this study, but
41 cases experienced postoperative complications,
including anastomotic leakage in 4 cases, anastomotic
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Table 3 Postoperative complications in male patients with low rectal cancer n (%)
Variable

Group A, n = 41

Group B, n = 74

2 (4.9)
6 (14.6)
2 (4.9)
1 (2.4)
3 (7.3)
3 (7.3)

2 (2.7)
12 (16.2)
4 (5.4)
4 (5.4)
4 (5.4)
5 (6.8)

5 (12.2)
3 (7.3)
2 (4.9)

7 (9.5)
10 (13.5)
0

Anastomotic leakage
Anastomotic stricture
Postoperative inflammatory intestinal obstruction
Urinary tract infection
Wound infection
Urinary retention
Clavien-Dindo classification
Ⅰ
Ⅱ
Ⅲ

P value
0.542
0.823
0.903
0.455
0.681
0.91
0.85

Data are presented as n (%). Group A: A classic approach; Group B: A modified approach with retrograde transanal total mesorectal excision.

Table 4 Postoperative anal functional results of male patients with low rectal cancer n (%)
Items

Pre-operation

MRP in kPa
MSP in kPa
HZL in mm
Wexner score
Kirwan classification
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Ⅴ

1 yr after operation

Group A

Group B

P value

Group A

Group B

P value

12.2 ± 2.2
18.0 ± 3.6
32.2 ± 5.1
0.4 ± 1.2

13.1 ± 3.5
17.3 ± 3.0
34.7 ± 5.5
0.2 ± 0.8

0.126
0.054
0.7
0.112
0.591

8.8 ± 2.3
16.3 ± 3.3
24.9 ± 4.5
2.7 ± 2.7

9.0 ± 2.8
17.6 ± 2.8
24.2 ± 5.9
3.6 ± 3.8

0.087
0.201
0.080
0.099
0.617

34 (82.9)
7 (17.1)
0
0
0

64 (86.5)
9 (12.2)
1 (1.4)
0
0

15 (36.6)
16 (39.0)
7 (17.1)
3 (7.3)
0

22 (29.7)
25 (33.8)
19 (25.7)
8 (10.8)
0

Wexner scores are presented as number (SD): 0 = perfect continence; 20 = major incontinence. Kirwan classifications are presented as number: Grade Ⅰ
= perfect; Grade Ⅱ = incontinence of flatus; Grade Ⅲ = occasional minor soiling; Grade Ⅳ = frequent major soiling; Grade Ⅴ = incontinence. HZL: Highpressure zone length; MRP: Maximum resting pressure; MSP: Maximum squeeze pressure.

found in the values of the maximum resting pressure,
maximum squeeze pressure and high-pressure zone
length between the two groups preoperatively or at 1
year after operation. Similar results were observed for
the Wexner continence score and Kirwan classification.

Survival and local recurrence

The mean duration of follow-up was 46.1 ± 25.6 mo
(range: 12-122 mo), and 7 cases were lost to followup. Overall, 94 patients (91.3%) were followed up for
more than 24 mo. No anastomotic recurrence was
found in this study.
Twenty-one cases (18.3%, 21/115) experienced
recurrence and metastasis. Among them, local
recurrence was found in 10 cases (8.7%, 6 in group
A and 4 in group B), which included pelvic lateral
lymph node recurrence in 3 cases (1 underwent
lateral lymph node dissection), sacrum recurrence in
4 cases, and pelvic muscles recurrence in 3 cases. Of
the 115 patients, 14 patients (10.7%) experienced
distant metastasis. Of these, 2 patients presented with
liver metastases, 5 with lung metastases, and 7 with
metastases to lymph nodes at the para-aortic region.
The 5-year survival rate for the study population
was 78.9%, with rates of 75.5% in group A and
81.0% in group B, with no difference between the
groups (P = 0.228). Group B had a lower local

Figure 4 Completion status of the surgery on the pelvic floor (the location
of the distal rectum) can be clearly observed transanally after removing
the specimen.

stricture in 18 cases, early postoperative inflammatory
intestinal obstruction in 6 cases, urinary tract infection
in 5 cases, wound infection in 7 cases, and urinary
retention in 8 cases. There were no differences in the
incidence of postoperative complications between
group A and group B (P > 0.05; Table 3).

Functional results

Functional results were recorded for 115 patients
during follow-up (Table 4), and no differences were
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Group A: 75.5%
Group B: 81.0%
P = 0.228

0.2
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Overall survival (100%)

A

0.6
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0.4
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Figure 5 Survival curve for 115 male patients with low rectal cancer. A: Overall survival of the two groups; B: Disease-free survival of the two groups.

recurrence rate (5.4%) and higher disease-free
survival rate (79.5%) comparing with group A (14.6%
and 61.5%, respectively), but these differences were
not statistically significant (P = 0.093 and P = 0.130,
respectively; Figure 5).

Recently, some researchers have tried to perform TME
[19-24]
using a transanal endoscopic operation device
.
This approach has great potential value for further
applications. However, it still has the disadvantages
of technical difficulties associated with limited man
euverability, which means an increased learning curve
for surgeons. Because of the smaller operating space
under an endoscopic device, this type of surgical
procedure is not suitable if the tumor is relatively large
[19]
and the mesorectum is relatively thick . In addition,
the device is still expensive.
For better exposure of the pelvic floor from down to
up and to obtain a larger operating space, we inserted
a circular anal dilator into the anal canal instead
of the Lone Star Retractor or transanal endoscopic
operation device. We have used an anal dilator with a
round-shape fixture from a classical stapler device for
hemorrhoids and found that it was blocked by ischial
tuberosities when the patient had a short intertuberous
diameter. Now we apply an anal dilator with a
papilionaceous fixture for deeper insertion into the
anal canal to keep the external sphincter of the upper
anal canal out of the anal dilator. This step prevents
the contracting muscle from the anorectal ring from
blocking the view, which facilitates observation of
the pelvic floor and the accurate surgical dissection
of the distal mesorectum transanally. Meanwhile, we
use specially designed retractors to further extend
the exposure of the operative field. This ensures the
dissection is performed along the accurate anatomic
plane under direct observation.
In this study, 74 patients underwent a modified
approach with retrograde transanal TME (group B),
and the results revealed that the operative time with
the modified approach (240 min, range: 160-330
min) was significantly shorter than that with the
classical approach (280 min, range: 200-360 min;
P = 0.000). Moreover, the resected specimens in
group B showed optimal TME quality. Compared with
group A, a complete distal mesorectum and complete

DISCUSSION
Numerous studies have revealed a strong relationship
between a low tumor level and poor TME quality,
higher positive circumferential resection margin and
[4,6,12]
[4]
recurrence
. Leonard et al reported that the
incomplete TME rate was only 15.4% (2/15) when the
inferior margin of the tumor above the anal verge was
> 10 cm, and the rate was 28.2% (35/124) for tumors
between 5 to 10 cm from the anal verge. If it was <
5 cm, the incomplete TME rate increased to 39.3%
(42/107). The positive rate at the circumferential
resection margin of incomplete TME was twice that of
[4]
complete TME . Therefore, as the low rectal cancer
is closer to the anus, TME is more difficult to perform.
Narrow pelvises and giant tumors have been proven to
lead to surgical difficulties and increase the risk of non[13-15]
curative resection
. Approaching the pelvic floor,
the failure of surgical exposure may be the cause of
misunderstanding the anatomic plane and inaccurate
surgical dissection.
Based on these considerations, the concept of
the “down-to-up” procedure has been proposed in
[16]
cases where transabdominal TME is difficult . This
procedure reduces the effects of pelvis factors on
pelvic surgery, and the operating space is expanded
from the anus towards the pelvic cavity. The end
of the rectum and its mesentery could be excised
precisely under direct observation by retrograde
transanal TME. In the 1980s, Gerald Marks developed
transabdominal transanal resection (TATA) to perform
TME from below to upward, but this technique required
specialized instruments with limited exposure, and
[17,18]
thus, few were able to replicate this approach
.
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total mesorectum were achieved in group B (100%
vs 75.6%, P = 0.000; 90.5% vs 70.7%, P = 0.008,
respectively). The shorter procedure and better
quality specimens observed in group B indicate that
retrograde transanal TME with simple instruments
facilitated the mobilization of the low rectum for
male patients. Actually, several transanal surgery
studies have already demonstrated that transanal
TME can be performed safely with a promising
amount of intact specimens and low rates of involved
[16,25-28]
[29]
CRM
. Perdawood et al
reported a prospective
study including 50 patients on the surgical results
of transanal TME compared with laparoscopic TME
(laTME) for rectal cancer. The circumferential resection
margin was positive in 1 patient in their transanal TME
group and 4 patients in their laTME group (P = 0.349).
All patients in their transanal TME group had either
complete or nearly complete specimen quality, while 4
patients in their laTME group had incomplete specimen
quality (P = 0.113). Less blood loss, shorter operating
time, and shorter hospital stay were observed in their
transanal TME group. A meta-analysis including seven
studies (transanal TME group, n = 270; laTME group,
n = 303) indicated that the complete grade for the
quality of the mesorectum was significantly higher for
transanal TME than for laTME (OR = 1.75, 95%CI:
1.02-3.01, P = 0.04) and significantly fewer patients
in the transanal TME group had a positive CRM (OR =
[30]
0.39, 95%CI: 0.17-0.86, P = 0.02) .
However, research studies on oncologic outcomes
[23]
of transanal TME are still few. Rouanet et al reported
oncologic outcomes for a series of 30 transanal TME
operations with locally advanced tumors. Overall
survival rates after 12 and 24 mo were 96.6% and
80.5%, respectively. In the present study, our results
revealed that group B had a lower local recurrence rate
and higher 5-yr disease-free survival rate compared
with group A (5.4% vs 14.6% and 79.5% vs 61.5%,
respectively). However, these differences were not
statistically significant, possibly due to the small
number of patients in this study.
Furthermore, we also observed the anal sphincter
function and incontinence status 1 year after operation.
No differences were found between the two groups, and
the mean Wexner score in group B (retrograde transanal
TME) was 3.6, which was also close to that in other
[31,32]
transanal TME studies
. This modified approach with
retrograde transanal TME does not compromise anal
function compared with the conventional approach for
patients with low rectal cancer.
Taken together, the results of this study indicated
that the modified approach is better than the classical
approach for sphincter-preserving surgery in male
patients with low rectal cancers, especially in those
with bulky tumors. However, this study is limited
mainly in its retrospective design, and a larger number
of patients would be ideal. Additionally, only a few of
the patients received neoadjuvant chemoradiation
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in this study because of rejections. In conclusion,
our results indicate that the procedure of retrograde
transanal TME with simple instruments can overcome
the so-called the “no man’s area” in rectal surgery to
ensure TME completion at the distal rectum and can
achieve a better quality specimen without lowering
anorectal function.
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High-quality total mesorectal excision (TME) is of great importance in curing
patients with rectal cancer. However, distal mesorectal excision is difficult when
the tumor is low, especially with a narrow pelvis and large tumor volume.

Research frontiers

Many studies have suggested that a transanal approach may resolve the issues
derived from a narrow pelvis and large tumor volume. This procedure provides
several advantages over conventional excision by offering much improved
visualization and exposure. It greatly facilitates distal rectal dissection and
provides high-quality TME specimens.

Innovations and breakthroughs

Most studies about the transanal approach used a specialized platform, such
as a transanal endoscopic operation platform. However, the application of
transanal endoscopic operation has remained limited due to the high costs
of such platforms and the complexity for surgeons. The authors explored the
application of simple instruments including modified retractors and an anal
dilator with a papilionaceous fixture to perform transanal total mesorectal
excision (taTME). These simple instruments facilitate observation of the pelvic
floor and accurate surgical dissection of the distal mesorectum transanally.

Applications

The study results suggest that the modified approach with simple instruments
achieved a shorter operative time and better quality of mesorectal excision,
as compared with the classical approach. It is a better approach for sphincterpreserving surgery in male patients with low rectal cancers, especially in those
with bulky tumors. This procedure may be a safe, effective and economical
alternative for taTME.

Terminology

The intersphincteric resection technique allows a sphincter-saving resection for
ultralow rectal cancer, mainly excluding cases with infiltration of the external
sphincter. This technique consists of removing part of or the whole internal anal
sphincter to obtain free distal margin. TME, which considers the rectum and
mesorectum as one lymphovascular structure, requires its excision within an
intact fascia propria. TaTME is a procedure in which the rectum is mobilized
transanally in a retrograde fashion. It reduces the effects of pelvis factors on
pelvic surgery, and the end of the rectum and its mesentery could be excised
precisely under direct observation.
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a surgical technique that although described several decades ago, is only now
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Abstract
AIM
To investigate blood cultures of deceased donors and
report the confirmed transmission of bacterial infection
from donors to liver recipients.
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METHODS
We retrospectively studied the results of blood cultures
among our donation after cardiac death (DCD) donors
and calculated the donor-derived bacterial infection rates
among liver recipients. Study participants underwent liver
transplantation between January 1, 2010 and February
1, 2017. The study involved a total of 67 recipients of
liver grafts from 67 DCD donors. We extracted the data
of donors’ and patients’ characteristics, culture results
and clinical outcomes, especially the post-transplant
complications in liver recipients, from electronic medical
records. We analyzed the characteristics of the donors
and the corresponding liver recipients with emphasis put
on donor-derived infections.
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RESULTS
Head trauma was the most common origin of death
among our 67 DCD donors (46.3%). Blood taken prior
to the procurement operation was cultured for 53 of
the donors, with 17 episodes of bloodstream infections
developing from 13 donors. The predominant organism
isolated from the blood of donors was Gram-positive
bacteria (70.6%). Only three (4.5%) of 67 liver recipients
developed confirmed donor-derived bacterial infections,
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with two isolates of multidrug-resistant Klebsiella
pneumoniae and one isolate of multidrug-resistant
Enterobacter aerogenes . The liver recipients with donor-

Key words: Liver transplant; Donation after cardiac
death donor; Infection; Multidrug resistant; Bacteria;
Transmission

among liver recipients is controversial and some
authors suggest that it is associated with significant
[14,15]
mortality
.
As the volume of liver recipients increases, the
number of infections transmitted through DCD donors
can also be expected to rise. Unfortunately, the data
of DCD donor-derived infections following liver trans
plantation are currently lacking in China. We, therefore,
aimed to investigate the blood cultures of DCD donors
and report the cases of confirmed (proven/probable)
transmission of bacterial and fungal infections from
donors to liver recipients. The current study provided, to
our best knowledge, the first finding of liver recipients
experiencing confirmed donor-derived bacterial infections
in China and this report represents the largest series
of liver recipients with donor-derived infections due to
multidrug-resistant (MDR) Enterobacteriaceae in the
world thus far.

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

derived infections showed relation to higher crude
mortality and graft loss rates (33.3% each) within 3
mo post transplantation, as compared to those without
donor-derived infections (9.4% and 4.7%, respectively).
All three liver recipients received appropriate antimicrobial
therapy.
CONCLUSION
Liver recipients have high occurrence of donor-derived
infections. The liver recipients with donor-derived multi
drug-resistant Enterobacteriaceae infections can have
good outcome if appropriate antimicrobial therapy is given.

Study population

Core tip: This study aimed to investigate blood cultures
of donation after cardiac death (DCD) liver donors and
report the confirmed transmission of bacterial infection
from donors to liver recipients. The predominant
organism isolated from the blood of donors was Grampositive bacteria (70.6%). Only three (4.5%) of 67
liver recipients developed confirmed donor-derived
bacterial infections, with two isolates of multidrugresistant Klebsiella pneumoniae and one isolate of
multidrug-resistant Enterobacter aerogenes . Our
findings support that liver grafts from DCD donors with
bloodstream infections owing to multidrug-resistant
Enterobacteriaceae can be used if the donors and
recipients receive appropriate antimicrobial therapy.

This retrospective analysis of a single-center population
was conducted with the purpose of recording all liver
recipients with donor-derived bacterial infections. All
involved human participants had been initially recruited
to the study between January 1, 2010 and February 1,
2017. We then searched the medical record systems of
the Third Xiangya Hospital (Changsha, China) to identify
all DCD donors and liver recipients who received grafts
from DCD donors. The recorded information allowed for
identification of individual participants during or after
data collection.
The final study population consisted of 67 liver
recipients of grafts from 67 DCD donors who had
been admitted to the intensive care unit (ICU) of the
Department of Transplant Surgery, the Third Xiangya
Hospital of Central South University before organ pro
curement and transplantation. Multi-organ transplant
recipients were excluded from the study. Data recorded
included donor age, sex, category, length of ICU stay,
number of donors with/without available results of
blood cultures, bacteria and fungi isolated from donors,
antibiotic administration, and cause of death. The
procedures used for donor screening, donor treatment
for bacterial and fungal infections, and obtainment of the
liver graft were also recorded. Liver graft recipient data
representing variables associated with donor-derived
infections were collected from the medical records as
well, and included age, sex, underlying liver diseases,
site of infection, time of infection onset, organisms,
antimicrobial use, immunosuppressive therapy, and
crude mortality/graft loss. The data of post-liver
transplant complications were collected for all liver
recipients. For all liver graft recipients, the maintenance
immunosuppression was tacrolimus/cyclosporin comple
mented with prednisone tapered to 5-10 mg/d. All liver
graft recipients were followed for at least 3 mo post
transplantation or until death.

Ye QF, Zhou W, Wan QQ. Donor-derived infections among
Chinese donation after cardiac death liver recipients. World J
Gastroenterol 2017; 23(31): 5809-5816 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i31/5809.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i31.5809

INTRODUCTION
Liver transplantation is currently considered the therapy
of choice for patients with end-stage liver disease. Organs
from infected donors after cardiac death (DCD), such
as those with bacteremia, are now utilized in response
to the disparity between the available graft pool and the
organ need for liver transplantation, which carries risk of
[1-5]
transmission of infectious diseases and death . The risk
of unanticipated disease transmission to liver recipients
via donor grafts has been gaining research attention.
Donor-derived transmission of infections remains a rare
complication of liver transplantation and the studies have
[6-13]
supported its overall safety and favorable outcomes
;
however, the outcome of this type of infection itself
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Donor screening and treatment for bacterial and fungal
infections

Definitions

The deceased-organ donations were classified as
follows: China categoryⅠ (C-Ⅰ), organ donation after
brain death; China category Ⅱ (C-Ⅱ), organ donation
after circulatory death; and China category Ⅲ (C-Ⅲ),
organ donation after brain death followed by circulatory
[17]
death .
Transmission of organisms was considered proven by
clear evidence of the same infection in the donor and at
least one of the recipients. Transmission of the organisms
was considered probable by strong evidence suggesting
but not proving infectious transmission, such as the
infection being documented in more than one recipient
[18]
but not diagnosed in the donor . Both proven and
probable transmissions were considered as confirmed
[18]
transmission of infections . Appropriate antimicrobial
use in donors was considered when the infected donor
had received targeted antimicrobial treatment for at
least 24-48 h, optimally with some degree of clinical
[19]
response . Appropriate antimicrobial use in recipients
was considered if the isolated organisms showed in
vitro susceptibility to empirical antibiotics, which were
[20]
administered within 48 h of sampling for culture .
We utilized the standardized definition of MDR
Enterobacteriaceae, as previously defined by international
consensus in 2012; specifically, MDR was considered
with evidence of non-susceptibility to at least one agent
[21]
in three or more appointed antimicrobial categories .

In our hospital, any DCD donor with a history or suspicion
of prior bloodstream infection from whom a liver graft
will be harvested is subject to a detailed and appropriate
investigation to ensure that infection is not present in
the liver. To rule out the presence of active infection, our
hospital also takes a complete history from the donor’s
family and performs a thorough review of the medical
records, including vital signs and findings of physical,
radiographic and any available microbiologic tests.
Most of the donors in this study also underwent routine
culturing of blood, urine and sputum. Blood cultures were
obtained to rule out occult donor infection, especially
among donors at “increased” risk for bacteremia or
[16]
fungemia . Targeted antibiotics were administered to
the infected donor for at least 24 h, with some degree
of clinical response (improved white blood cell count and
hemodynamics, and defervescence) and, if possible, the
infected donor’s treatment included documentation of the
infection resolution prior to donation.

Obtaining liver grafts

All cases of organ donation were performed according
to the protocols for China categoriesⅠ, Ⅱ and Ⅲ
[17]
donors . After informed consent was obtained from the
donor’s family, life supports were removed. After the legal
5-min standoff time, the donor immediately underwent
a “super-rapid” procurement technique in the operating
room. In brief, a rapid abdominal incision was made,
followed by rapid cannulation of the abdominal aorta
and superior mesenteric or portal vein. The liver was
then perfused with University of Wisconsin solution
and prompt hepatectomy was performed. The intraabdominal organs were removed en bloc, submerged
in University of Wisconsin solution at 4 ℃, and placed in
cold storage. The bile duct was flushed with physiological
saline solution in situ and preserved ex situ with
University of Wisconsin solution.

RESULTS
DCD donor characteristics

There were 67 liver recipients of grafts from 67 DCD
donors during the study period. The characteristics
of the donors are shown in Table 1. The DCD donors
showed a male-dominated sex ratio (nearly 1:4) and
were largely represented by young adults. The preretrieval ICU length of stay ranged from 1 d up to 41 d.
Head trauma was the most common cause of death,
followed by benign central nervous system tumor. The
majority of donors were classified as China category Ⅲ,
followed by China category Ⅱ.

Recipient prophylactic strategies and treatments for
bacterial and fungal infections

Second- or third-generation cephalosporins, semisyn
thetic penicillins/beta-lactamase inhibitors, or car
bapenems, were prescribed according to the pre-trans
plant results of cultures and administered 1 h before the
liver transplantation, with an additional dose given at
72 h post transplantation to the liver recipients without
donor-derived infections. Recipients of liver graft from
a bacteremic donor were treated with a 7-d to 14-d
course of targeted antibiotics. Antifungal therapy was
administered within 2 wk to a recipient of liver graft
from a donor with fungemia if the liver recipient had
no evidence of infection. Cases of established fungal
infection were administered a 4-wk to 6-wk course, with
at least 6 wk of treatment, when vascular involvement
was present.
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Cases of infectious transmission from DCD donors to
liver graft recipients

For 53 of the donors (79.1%), the blood samples taken
prior to the procurement operation were cultured and
produced evidence of 17 bloodstream infections from 13
of the donors. Appropriate antimicrobial use, according
to the positive blood culture results, was administered
in 10 of those 13 donors. The results of blood cultures
from the donors are shown in Table 2. The majority
of pathogens isolated from the donor’s blood were
coagulase-negative Staphylococci. Among the three
donors who elicited infectious transmission to three liver
recipients, one donor did not have an available result
of blood culture and the other two donors had negative
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Both of the Klebsiella pneumoniae isolates were
extended-spectrum beta lactamase-producing rods. All
three of the isolates (all being Enterobacteriaceae family
members) were carbapene-susceptible.

Table 1 Characteristics of the 67 donation after cardiac
death donors n (%)
Characteristic
Age in years, median (IQR)
Sex
Male
Female
Origin of death
HT
Benign CNS tumor
CVA
Anoxia
Meningitis
China classification of donation
Ⅰ
Ⅱ
Ⅲ
ICU stay in days, median (IQR)
Donors with positive culture
Blood culture, n/n
Donors with/without available results
Donors with appropriate antimicrobial
use/all donors with positive blood culture results

Value
29.0 (19.0-44.0)

Recipient characteristics and outcomes of infectious
transmissions from DCD donors to liver graft recipients

55 (82.1)
12 (17.9)

Additional isolates from four recipients of kidney grafts
from these three donors (D1-D3) provided strong evi
dence of transmission of infectious bacteria through
their similar resistance profiles. Thus, no recipient
case of infection transmission could be classified as
a proven donor-derived infection, and all three cases
(R1-R3) were classified as probable donor-derived
infections. No liver recipients developed donor-derived
fungal infections. No recipients had a presumed or
confirmed invasive bacterial or fungal infection before
transplantation. The underlying liver diseases of
these three recipients were polycystic liver disease,
hepatocellular carcinoma and cirrhosis due to hepatitis
B virus infection, and heredofamilial amyloidosis. All
three donor-derived infections occurred within 3 d post
transplantation, and were administered appropriate
anti-microbial therapy prior to or immediately following
diagnosis of the infection. All three recipients recovered
from the donor-derived bacterial infections, but one
died of septic shock with graft loss owing to other
organisms. Liver recipients without donor-derived
infections had lower rates of crude mortality and graft
loss [6/64 (9.4%) and 3/64 (4.7%), respectively]
within 3 mo post transplantation, as compared with
those with donor-derived infections (33.3% each).

31 (46.3)
18 (26.9)
15 (22.4)
2 (3.0)
1 (1.5)
5 (7.5)
8 (11.9)
54 (80.6)
5 (3.0-10.0)
13
53/14
10/13

CNS: Central nervous system; CVA: Cerebrovascular accident; DCD:
Donation after cardiac death; HT: Head trauma; ICU: Intensive care unit;
IQR, Interquartile range.

Table 2 Classification and percentage of organisms isolated
from donors' bloodstream, n = 17
n (%)

Organism
Gram-positive bacteria
Staphylococcus aureus
Coagulase-negative staphylococci
S. epidermidis
S. hemolyticus
S. capitis
S. hominis
S. simulans
Gram-negative bacteria
Klebsiella pneumoniae
Acinetobacter baumannii
Fungi
Candida albicans
Candida parapsilosis

12 (70.6)
3 (17.6)
9 (52.9)
4 (23.5)
1 (5.9)
1 (5.9)
2 (11.8)
1 (5.9)
3 (17.6)
2 (11.8)
1 (5.9)
2 (11.8)
1 (5.9)
1 (5.9)

Post-liver transplant complications in liver graft
recipients with and without DCD-derived infections

All complications experienced by the full liver recipient
population (n = 67) are presented in Table 4. The most
common complication was post-transplant infection; the
20 total infections occurred in the three liver recipients
with donor-derived infections (4 infection episodes) and
the 64 liver recipients without donor-derived infections (16
infection episodes). The next most common complication
was vascular (9 vascular episodes), all cases of which
occurred in the liver recipients without donor-derived
infections. Tumor recurrence developed in six of the liver
recipients without donor-derived infections and none of
the recipients with donor-derived infections.

results of blood culture after being admitted to the ICU;
none of these three donors underwent blood culture
within 10 d prior to organ procurement.

Infectious agents transmitted from DCD donors to liver
graft recipients

Survival of liver graft recipients with and without DCDderived infections

Table 3 shows the characteristics of these three donors
(D1-D3) and their corresponding liver recipients (R1-R3,
representing 4.5% of the total recipient population),
highlighting the relationship between donors and
recipients with infection transmission. Several cultures
(blood, urine, and abdominal drainage fluid) were
routinely taken from the recipients following the liver
transplantation. The confirmed donor-derived MDR
bacterial infections included two isolates of Klebsiella
pneumoniae and one isolate of Enterobacter aerogenes.
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Figure 1 shows the Kaplan-Meier curves for 3-mo
survival after liver transplantation. There was no
difference in survival between the liver recipients with
and without donor-derived infection (log-rank test, P =
0.165).

DISCUSSION
Although there are numerous reports of fatal donor-
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Table 3 Characteristics of donors and their corresponding liver recipients with donor-derived infections
Donor Diagnosis

Blood
culture
result

Recipient
(sex/age)

Head
trauma

Negative1 R12 (Female/48 yr)

D2

Head
trauma

Negative1

R23 (Male/38 yr)

D3

Head
trauma

Not
available

R33 (Male/69 yr)

D1

Underlying liver disease(s) Culture result (specimen)/time
to infection onset
Polycystic liver disease

Inappropriate
antimicrobial/
immunosuppressive therapy

Outcome

No/Pred

Patient death
and graft loss

No/FK506 + Pred

Patient and
graft survival

No/FK506 + Pred

Patient and
graft survival

Κ . pneumoniae (Blood and

abdominal drainage fluid)/1 d
Hepatocellular carcinoma
Κ. pneumoniae (Blood and
and cirrhosis due to
abdominal drainage fluid)/1 d
hepatitis B virus infection
Heredofamilial
E. aerogenes (Blood)/3 d
amyloidosis

1

Donors had a negative result of blood culture after being admitted to the intensive care unit, whereas they did not undergo blood culture within 10 d
prior to organ procurement; 2Two kidney recipients of graft from the common donor, with this liver recipient having developed organ-space surgical site
infection owing to Klebsiella pneumoniae within 20 d following the transplantation; 3One kidney recipient of graft from the common donor, with this liver
recipient having also developed bloodstream infection owing to the same bacterium immediately after the transplantation.

1.0

Table 4 Comparison of post-liver-transplant complications in
liver recipients with and without donor-derived infections
Complication

0.8

Episodes of
Episodes of
complications in
complications in
three liver recipients 64 liver recipients
with donor-derived
without donorinfections
derived infections

Infection
Pneumonia
Peritonitis
Bloodstream infection
Surgical site infection
Vascular complications
Portal vein thrombosis
Cerebral embolism
Hepatic artery thrombosis
Abdominal bleeding
Gastrointestinal bleeding
Biliary complications
Bile leakage
Biliary strictures
Stone formation
Bilomas
Recurrent tumor
Acute rejection
Graft-versus-host disease
Graft dysfunction
Adhesive ileus

4
1
0
3
0
0
0
0
0
0
0
3
0
1
1
1
0
0
0
0
0

0.6

Liver recipients with donor-derived infections

0.4

16
7
3
5
1
9
1
1
1
5
1
2
0
2
0
0
6
4
2
3
1

0.2

P = 0.1651
0.0
0

20

40

60

80

100

t /d

Figure 1 Kaplan-Meier curves for 3-mo survival after liver transplantation.
1
Log-rank test indicated no significant difference in survival between the two
groups.
[26]

recipients, which agrees with the 2013 report
from
the Organ Procurement and Transplantation Network
Ad Hoc Disease Transmission Advisory Committee that
reported 15 (12.8%) out of 117 donors with infections
developed proven/probable transmission of bacterial
(except for tuberculosis) and fungal infections.
[3]
Doucette et al proposed that the observed higher
risk of transmission in liver recipients, as compared to
other solid organ recipients, may be mainly attributed
to bacterial retention in and poor antibiotic penetration
of the liver graft. Some recipient-related factors were
also proposed, such as a high Model for End-Stage Liver
Disease (commonly known as MELD) score, leukopenia,
and immunosuppression.
Coagulase-negative Staphylococci (such as Staphy
lococcus epidermidis) and Staphylococcus aureus
represent the more commonly isolated microorganisms
[7,8,25]
from donor blood cultures
. In our donor blood cul
tures, the majority of isolates were coagulase-negative
Staphylococci and S. aureus (together 70.6%; 12 of
17 pathogens). Coagulase-negative Staphylococci
also represent the most common microorganisms
[2,15,27]
isolated from preservation fluid
. None of the cases

derived infections affecting around 3% of solid organ
transplants, in the current era of organ shortage
[22,23]
marginal organ donors are increasingly utilized
.
More recent data demonstrate that most bacterial
isolates appear to be irrelevant to subsequent recipient
outcome and that the grafts from bacteremic donors
may be safely used if bacteremia in the donor has been
ideally treated and antibiotic therapy is continued in the
[2,6,7,24,25]
organ recipient
.
Our present study found 19.4% (13/67) of donors
having available results of blood cultures developed
bloodstream infections, which is in line with literature
reports suggesting that about 5%-11.3% of all deceased
donors have unrecognized bacteremia at the time of
[2,6,8,25]
donation
. We also found that three (4.5%) of 67
donors transmitted bacterial infections to three liver
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Liver recipients without donor-derived infections
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of donor-derived infections in liver recipients of our
study were due to Gram-positive bacteria, agreeing
with previous studies that have suggested lower risk
of transmission of Gram-positive bacteria (vs Gram[6,28-30]
negative bacteria) from a donor to a recipient
.
This could be due to several reasons, such as low
pathogenicity of coagulase-negative Staphylococci,
potential contamination in donor culture (i.e., not a true
pathogen), or catheter line-associated infection in donor
(i.e., non-systemic infections).
All three donor-derived infections in our current
study were caused by MDR Gram-negative bacteria,
agreeing with a previous report suggesting that
Gram-negative bacteria account for about 80% of
[9]
transmissions to recipients . Although rare, donorderived infections caused by bacteria, in particular MDR
bacteria, can have devastating consequences for organ
[9-11,29,31]
transplant recipients
. The data reported to the
United States’ Organ Procurement and Transplantation
Network from 2005 to 2011 showed the donor-derived
infection-attributable recipient mortality rate to be 29.2%
[6]
(19/65) . These previous studies are consistent with
our present study, wherein one (33.3%) of three liver
recipients with MDR Klebsiella pneumoniae infection died
from subsequent septic shock due to other organisms
and the rate of graft loss was 33.3%. In contrast with
our finding, however, others have reported a favorable
outcome among liver recipients with donor-derived
infections due to MDR Gram-negative bacteria or
methicillin-resistant S. aureus (commonly known as MR
[3,5,9-11,23,32-34]
SA)
. Further data are needed to assess the
effects of donor-derived bacterial or fungal infections and
appropriate antimicrobial use on allograft function and
recipient survival over a long-term follow-up period.
The current study has provided, to the best of
our knowledge, the first data of liver recipients with
confirmed donor-derived bacterial infections treated in a
single transplant center in China; in addition, the report
represents the largest of liver recipients with donorderived infections due to MDR Enterobacteriaceae in the
world thus far. Since both the morbidity and mortality
rates of donor-derived infections are high in China, the
findings from the current study support future efforts
towards a better understanding of potential risks for
disease transmission and highlight the necessity for a
standardized critical incident reporting system in the
Chinese transplant system to improve short- and longterm allograft and recipient survival.
The principal limitation of our study was the
single-center, retrospective study design, which did
not allow for the investigation of donor-derived MDR
bacterial infections by genetic or molecular analysis.
Improvements in new screening technologies, such as
the use of whole genome sequencing, have recently
proven a powerful advance in the investigation of donor[35]
derived MDR bacterial infections . Since we used drugsensitive test screening for donor-derived infections rather
than a gene-level technique, it is possible that our testing
algorithm over-estimated the transmission events.
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Nonetheless, our findings underscore the impor
tance of blood culture being performed as close to
the donation time as possible and the importance of
testing preservation fluid culture; since the reported
contamination rates of the latter range widely (from 9.5%
[2,15,27]
to 98.4%)
, this sample was not routinely obtained
at our institution. Our findings also indicate that donors
with infections should receive antibiotics directed at the
identified bacteria or fungi 24-48 h prior to procurement,
optimally yielding evidence of clinical improvement.
In conclusion, DCD donors in our institute had a high
rate of bacterial infection, with Gram-positive bacteria
being the predominant isolate, whereas the donorderived infections developed by liver recipients were
Gram-negative predominant. Our findings strongly
support organ donation as the common source of
bacterial infection in the liver recipients. Although the
number of these cases in our study was too small to
draw conclusions, we support the use of liver grafts from
the DCD donor pool, including those with infections owing
to MDR Enterobacteriaceae if the donors and recipients
receive appropriate antimicrobial therapy.

COMMENTS
COMMENTS
Background

Nowadays, the use of bacteremic donors to fulfill the disparity between the
limited donor pool and the increasing need for organs is an expanding practice,
which may result in an increased risk of transmission of infectious diseases and
death. However, the data of donation after cardiac death (DCD) donor-derived
infections following liver transplantation are currently lacking in China. As
limited data are available in Chinese liver recipients of grafts from DCD donors,
this study aimed to investigate the blood cultures of DCD donors and report
the cases of confirmed (proven/probable) transmission of bacterial and fungal
infections from donors to liver recipients.

Research frontiers

The use of infectious donors to fulfill the disparity between the limited donor
pool and the increasing need for organs has become an important issue in the
field of transplantation. Furthermore, the use of donors with infections caused
by multidrug-resistant (MDR) bacteria is controversial and the recipients with
MDR infections have a high mortality. This study shows excellent outcome for
liver recipients with donor-derived MDR infections.

Innovations and breakthroughs

This is the first study to analyze liver recipients experiencing confirmed donorderived bacterial infections in China and the largest report of liver recipients with
donor-derived infections due to MDR Enterobacteriaceae in the world thus far.

Applications

Liver grafts from the pool of DCD donors with bloodstream infections owing
to MDR Enterobacteriaceae can be used if the donors have been treated
and have documentation of resolution of infection prior to donation, and if the
corresponding liver recipients are treated with a 7- to 14-d course of antibiotics
targeted to the organism isolated from a bacteremic donor.

Terminology

Confirmed transmission includes a proven or probable transmission. A proven
transmission was indicated by clear evidence of the same infectious disease
in the donor and at least one of the recipients. A probable transmission was
indicated by strong evidence suggesting, but not proving, a disease transmission,
such as the disease being documented in more than one recipient but not being
diagnosed in the donor. MDR bacteria were defined as those non-susceptible to
at least one agent in three or more appointed antimicrobial categories.
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Abstract
Plexiform fibromyxoma is a very rare mesenchymal
tumor of the stomach, found almost exclusively in the
antrum/pylorus region. The most common present
ing symptoms are anemia, hematemesis, nausea
and unintentional weight loss, without sex or age pre
dilection. We describe here two cases of plexiform
fibromyxoma, involving a 16-year-old female and a
34-year-old male. Both patients underwent complete
resection (R0) by distal gastrectomy and retrocolic
gastrojejunostomy (according to Billroth 2); for both,
the postoperative course was uneventful. Histology
showed multiple intramural and subserosal nodules
with characteristic plexiform growth, featuring bland
spindle cells situated in an abundant myxoid stroma
with low mitotic activity. Immunohistochemistry
showed α-smooth muscle actin-positive spindle cells,
focal positivity for CD10, and negative staining for KIT,
DOG1, CD34, S100, β-catenin, STAT-6 and anaplastic
lymphoma kinase. One of the cases showed focal
positivity for h-caldesmon and desmin. Upon followup, no sign of disease was found. In the differential
diagnosis of plexiform fibromyxoma, it is important
to exclude the more common gastrointestinal stromal
tumors as they have greater potential for aggressive
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accident. She was treated in an outpatient setting, with
iron, vitamin B12 and folic acid supplementation. In
history taking, the patient reported recurrent nausea;
otherwise, the medical history and physical examination
were unremarkable. Laboratory findings showed no
significantly altered values, except for a moderate,
normochromic, normocytic anemia (hemoglobin 9.5
g/dL; normal range: 12.1-15.1 g/dL). During work-up,
ultrasound examination detected a hypoechoic lesion in
the gastric wall. Magnetic resonance imaging revealed
a heterogeneously enhancing, lobulated, exophytic
mass, situated intramural within the submucosa of the
anterior wall of the gastric antrum (Figure 1). Positron
emission tomography-computed tomography further
revealed a hypermetabolic lesion in the dorsal part of
the mass. Endoscopy confirmed a subepithelial lesion
with partially ulcerated mucosa in the gastric ant
rum, necessitating a distal gastrectomy for complete
resection.

behavior. Other lesions, like neuronal and vascular
tumors, inflammatory fibroid polyps, abdominal
desmoid-type fibromatosis, solitary fibrous tumors and
smooth muscle tumors, must also be excluded.
Key words: Plexiform fibromyxoma; Plexiform
angiomyxoid myofibroblastic tumor; Gastrointestinal
stromal tumor; Stomach; Benign gastric tumor
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Plexiform fibromyxoma is a very rare benign
mesenchymal tumor of the stomach. Here, we describe
two cases of plexiform fibromyxoma, resolved with
complete resection. The macroscopic, microscopic,
immunohistochemical and molecular findings are
reviewed. In the differential diagnosis of plexiform
fibromyxoma, it is important to exclude the more
common gastrointestinal stromal tumors as they have
potentially more aggressive behavior.

Case 2 presentation

A 34-year-old obese male patient with unremarkable
medical history presented with complaint of discomfort
in the epigastric region accompanied by flatulence.
Laboratory findings were within normal limits, except for
slightly higher creatine kinase (227 U/L; normal range:
52-336 U/L) and elevated lactate dehydrogenase (377
U/L; normal range: 105-333 U/L). Gastroscopy revealed
a pyloric submucosal lesion, suspicious of GIST. Biopsy
showed foveolar hyperplasia of antral mucosa, with no
submucosa.

Szurian K, Till H, Amerstorfer E, Hinteregger N, Mischinger
HJ, Liegl-Atzwanger B, Brcic I. Rarity among benign gastric
tumors: Plexiform fibromyxoma - Report of two cases. World J
Gastroenterol 2017; 23(31): 5817-5822 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i31/5817.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i31.5817

INTRODUCTION

Tumor characteristics for both cases

Gastrointestinal stromal tumors (GISTs) are the most
[1]
common gastric mesenchymal tumors . Immuno
histologically, they show positive staining for KIT
proto-oncogene receptor tyrosine kinase [KIT, cluster
of differentiation (CD)117] and DOG1 (discovered
on GIST-1), and the vast majority of cases harbor
mutations in the KIT or PDGFRα (platelet-derived
growth factor receptor alpha) genes. Plexiform fib
romyxoma (PFM), also known as the plexiform an
giomyxoid myofibroblastic tumor (PAMT), is a very
rare benign mesenchymal gastric tumor, arising almost
exclusively in the antrum/pylorus region. It was first
[2]
described by Takahashi et al in 2007. The cases
reported to date have indicated no sex predilection and
[3-5]
with a wide age range . Clinical symptoms include
anemia and hematemesis, which are consequent to
tumor ulceration, nausea and weight loss.
Herein, we describe the specific histopathological
features of two cases of PFM in regard to the current
literature and discuss misleading differential diagnoses.

Both patients underwent distal gastrectomy for complete
resection (R0) and retrocolic gastrojejunostomy
(according to Billroth 2) (Figure 2). Gross examination
of the specimens from both cases showed wellcircumscribed lobulated tumors, with the largest
diameter measuring 6.5 cm in case 1 and 1.6 cm in
case 2. Examination of the cut surface showed both
tumors to be well demarcated and solid, with mucoid
consistency. A multinodular growth pattern was
apparent, mostly involving the submucosa, muscularis
propria and subserosal adipose tissue (Figure 3A).
Overlying mucosa was focally ulcerated.
For both cases, histological analysis showed
multiple intramural and subserosal nodules of
characteristic plexiform growth, with cytological bland
spindle cells situated in an abundant myxoid stroma
having prominent capillary network and scattered
inflammatory and mast cells (Figure 3B). Mitotic
activity was low (up to 3/50 high power fields, HPF).
Mucosal involvement with ulceration was observed;
however, there was no necrosis and all resection
margins were free of tumor.
Immunohistochemically, both cases showed positive
reaction for alpha-smooth muscle actin (α-SMA)
(Figure 3C) and focal positivity for CD10. Furthermore,

CASE REPORT
Case 1 presentation

A 16-year-old Caucasian female patient presented
with refractory anemia, first detected following a skiing
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A

B

Figure 2 Gross appearance of the plexiform fibromyxoma during surgery
(case 2). The tumor is lobulated, protrudes from the gastric serosa and is
located in the lower part (antrum) of the stomach near the pylorus. Underneath
the stomach, normal appearing pancreas can be appreciated.

afferent loop syndrome or gastroesophageal reflux.

DISCUSSION
PFMs are very rare gastric mesenchymal tumors. To
date, various names have been proposed to describe
this benign spindle cell tumor, including fibromyxoma,
[2,6]
plexiform angiomyxoid tumor, and PAMT . In 2009,
[4]
Miettinen et al described 12 cases of benign gastric
antral fibromyxoid tumors, designating them as PFM.
In 2010, this term was accepted and these tumors
became recognized as a distinct entity, according to
World Health Organization’s classification of tumors of
[7]
the digestive system .
Cases of PMFs reported show no trend in age
(range: 7-75 years) but indicate an almost exclusive
location in the gastric antrum and pyloric region,
with up to 20% of cases spreading to the duodenal
[4]
bulb . Like in our patients, extension to the exterior
surface of the stomach and proximal duodenum has
been described. The size can range from 1.5 to 15
[5]
cm . Two-thirds of the tumors are ulcerated, putting
these patients at risk of gastrointestinal bleeding and
secondary anemia. Other clinical features include
abdominal pain, nausea, vomiting and unintentional
weight loss. These symptoms can also be found in
patients with GIST, a mesenchymal tumor that is
common in the stomach and more aggressive, and
which must always be considered as a differential
diagnosis for PMF. PMFs are asymptomatic, and thus
primarily discovered incidentally. Our first patient
presented with refractory anemia, and the tumor
was detected by ultrasound examination. The second
patient complained of discomfort in the epigastric
region.
On gross examination, these tumors are not
encapsulated and present as (multi)nodular lesions,
variably involving the intramucosal to subserosal and
serosal parts of the stomach. In fact, tumor projection
toward the serosal surface is commonly encountered
in this entity. Histological features are quite typical

Figure 1 Magnetic resonance imaging findings for case 1, using
transverse T2-and T1-weighted magnetic resonance imaging. A: Transverse
T2-weighted magnetic resonance imaging (MRI) showing well circumscribed,
endophytic mass (thick red arrow) of the gastric antrum which is partially
filled with fluid (thin orange arrow); B: T1-weighted MRI after contrast media
application showing homogeneous wall enhancement of the well circumscribed
mass (thick red arrow).

the case 1 tumor cells showed focal positivity for
h-caldesmon (Figure 3D) and desmin, while case 2
tumor cells showed negativity for h-caldesmon and
desmin. In both cases, the tumor cells were negative
for KIT (Figure 3E), DOG1 (Figure 3F), hematopoietic
progenitor cell antigen CD34 (CD34), S100, β-catenin,
signal transducer and activator of transcription
6, interleukin-4 induced (STAT-6) and anaplastic
lymphoma kinase. Neither tumor was succinate dehy
drogenase complex iron sulfur subunit B (SDHB)deficient. Mutational status analysis was performed for
case 1, and no mutations were found in KIT (exons 9,
11, 13, 17, 18 or 20) or PDGFRA (exons 12, 14 or 18)
by direct sequencing using paraffin-embedded tissue
samples (Custom Ion Torrent AmpliSeq Panel; Thermo
Fisher Scientific, Waltham, MA, United States).
In both cases, these findings led to the final
diagnosis of PFM. Postoperatively, case 1 developed
pulmonary embolism, which was treated by admini
stration of anticoagulants. The patient was discharged
on postoperative day 9. The postoperative course of
case 2 was uneventful and the patient was discharged
on postoperative day 11. At the last follow-up (6 and
16 mo postoperative respectively), neither patient
showed evidence of residual or recurrent disease,
nor complained of symptoms of dumping syndrome,
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Figure 3 Macroscopic, microscopic and immunohistochemical features of plexiform fibromyxoma. A: Cut section showing multinodular, solid glistening
translucid tumor within the gastric wall and subserosa; B: Histological analysis of the tumor showing composition of ovoid to spindled-shaped cells in a myxoid
or fibromyxoid stroma with a plexiform intramural growth pattern; C-F: Immunohistochemical analysis showing positivity for alpha-smooth muscle actin (C) and
h-caldesmon (D), but negativity for KIT (E) and DOG1 (F).

and show a plexiform growth pattern with multiple
nodules composed of abundant paucicellular to
moderately cellular myxoid or fibromyxoid stroma,
and having prominent small vessels and bland-looking
monomorphic tumor cells within the gastric wall and
subserosa. In some cases, more collagenous stroma
is observed-feature most commonly seen in the
extramural extension. The tumor cells range from oval
to spindle in shape, and show no atypia. Mitoses are
[4,5,8]
rare (up to 7/50 HPF)
. Ulceration and invasion of
[4]
the mucosa can be found. Miettinen et al reported
vascular invasion in 4 patients, suggesting possible
intravascular tumor spread within the gastric wall and
subserosa. In our cases, multiple tumor nodules were
displayed in all gastric layers. Serosa was intact and no
intravascular component was noted. Tumor cells were
bland-looking, embedded in mildly cellular stroma
that was more collagenous in the extramural parts of
the tumors. Up to 3 mitotic figures were found on 50
HPF. In addition, an extensive capillary network and
scattered inflammatory and mast cells were found
within the stroma.
Immunohistochemically, tumor cells usually
show focal to diffuse positive reaction with vimentin,

WJG|www.wjgnet.com

α-SMA and CD10, and sometimes with desmin
[2,4-6,9,10]
. This imm
and/or h-caldesmon or calponin
unoprofile indicates that these tumors contain
cells with myofibroblastic and fibroblastic and/or
smooth muscle cell characteristics, all of which were
observed as present in one of our cases. However, the
predominant cell type is myofibroblastic in the majority
[6]
of the reported cases. Quero et al compiled the
clinicopathologic characteristics of all cases published
up to March 2016. We present in Table 1 the collec
tive immunohistochemical findings for desmin and
h-caldesmon/calponin, as well as the findings for the
two newest cases presented herein. The expression of
myogenic markers in some of the tumors suggests that
a subset of these tumors contain not only tumor cells
with myofibroblastic-fibroblastic phenotype but also
[9]
tumor cells with true smooth muscle differentiation .
For those tumors, some authors prefer to use the
term “PAMT”; this would suggest that PMFs, plexiform
myofibroblastic tumors and PAMTs are slightly different
entities in the spectrum of benign plexiform myxoid
(myo)fibroblastic lesions of the stomach.
In all of these tumor types, negativity for immun
ohistochemical staining with KIT, DOG1, CD34,
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These tumors are usually found in young women,
typically occur in the antrum and show a characteristic
multifocal/multinodular and plexiform growth pattern.
However, the tumors are more cellular, composed
of epithelioid cells that are immunohistochemically
positive for KIT and DOG1. Further, PDGFRα mutations
have also been described in inflammatory fibroid
[15]
polyps. Recently, Spans et al
described a recurrent
translocation-t(11;12)(q11;q13), involving the
long non-coding gene metastases-associated lung
adenocarcinoma transcript 1 and the gene gliomaassociated oncogene homologue 1 (GLI1)-in a sub
group of PMTs.
Surgery with negative resection margins is the
treatment of choice. This tumor is considered to be a
benign lesion, and to date no cases of recurrence or
distant metastases after complete surgical resection
[4]
have been reported . Upon follow-up of our 2 patients,
no sign of disease was found.
In summary, different terms have been used to de
scribe the benign gastric tumor with prominent plexiform
and myxoid pattern. Current histomorphological and
immunohistochemical findings suggest that PMFs,
plexiform myofibroblastic tumors and PAMTs are slightly
different entities in the spectrum of benign plexiform
myxoid (myo)fibroblastic (spindle cell) lesions of the
stomach. Most importantly, it is crucial to differentiate
these tumors from the more common GISTs, as the
latter have greater potential for aggressive behavior.
GISTs and other gastric myxoid tumors are distin
guishable upon investigation of a wide panel of im
munohistochemical markers and mutational status
analysis of both the KIT and PDGFRα genes.

Table 1 Myogenic markers in 61 published cases of
plexiform fibromyxoma n (%)

(-)
f (+)
(+)
NA
Total

Desmin
23 (37.7)
14 (22.9)
4 (6.4)
20 (33.0)
61 (100.0)

h-Caldesmon/Calponin
15 (24.6)
10 (16.4)
4 (6.6)
32 (52.4)
61 (100.0)

NA: Not available; f: Focal; (+): Positive; (-): Negative.

epithelial membrane antigen, beta-catenin and
[2,4-6,9,10]
S100 has been reported
. A negative finding
for KIT and DOG1 excludes GIST, especially for the
plexiform myxoid type, while a negative finding for
S100 excludes neuronal tumors (i.e., schwannoma
and neurofibroma). Vascular lesions should show
positivity for CD34, CD31 and ETS-related gene,
which is a distinguishing feature from PMF. Other
differential diagnoses include fibroblastic tumors [i.e.,
inflammatory fibroid polyp, abdominal desmoid-type
fibromatosis (nuclear β-catenin staining) and solitary
fibrous tumor (CD34 and nuclear STAT6 expression)]
and smooth muscle tumors (i.e., leiomyoma and leiom
[6]
yosarcoma). Quero et al reported that only four of
the published cases showed positive expression for
h-caldesmon or calponin, albeit diffuse.
The tumor from one of our patients showed
focal positivity for h-caldesmon. These cases can be
diagnostically challenging and difficult to differentiate
from myxoid leiomyomas. They more commonly
arise in the gastric cardia or fundus, have plexiform
architecture and contain, at least, focal fascicles of
tumor cells with typical eosinophil cytoplasm (i.e.,
morphological features compatible with smooth muscle
[1,11]
differentiation)
. The discontinuous plexiform multi
nodular pattern is more of a characteristic of PFM. In
female patients, metastatic low-grade endometrial
stromal sarcoma (ESS) should be ruled out by testing
for status of estrogen receptor (ER) and progesterone
receptor (PR) expression, positivity for both of which
is characteristic of low-grade ESS. Furthermore, in
low-grade ESS, the following translocations have been
described: JAZF1-SUZ12 and MEAF6-PHF1. On the
other hand, high-grade ESSs are ER- and PR-negative,
and can have YWHAE-FAM22 translocation.
Mutational analysis has been performed in some
of the cases published, but none reported detection of
[4-6]
KIT or PDGFRα mutations . The same results were
found in one of our cases (the other was not tested).
In contrast, GIST typically bear KIT or PDGFRα
activating mutations; however, approximately 10% of
GISTs in adults and more than 90% in children lack
these mutations, and are then classified as wild-type
[12]
GISTs , being either succinate dehydrogenase (SDH)[13,14]
deficient or non-SDH-deficient
. The SDH-deficient
type encompasses cases of Carney triad and Carney
Stratakis syndrome, as well as some sporadic cases.
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Case characteristics

Two cases of plexiform fibromyxoma presented with discrete symptoms. The
first was a 16-year-old female, with incidentally found refractory anemia, and
the second was a 34-year-old male, who presented with discomfort in the
epigastric region accompanied by flatulence.

Clinical diagnosis

Physical examination of both patients was unremarkable. On gastroscopy,
however, submucosal tumor was observed, situated in the antral region.

Differential diagnosis

Gastrointestinal stromal tumor (GIST), inflammatory fibroid polyp, ab
dominal desmoid-type fibromatosis, solitary fibrous tumor, leiomyoma and
leiomyosarcoma.

Laboratory diagnosis

In the first case, laboratory findings showed moderate, normochromic,
normocytic anemia (hemoglobin of 9.5 g/L). The second case showed a slight
increase in creatine kinase (227 U/L) and elevated lactate dehydrogenase (377 U/L).

Imaging diagnosis

In the first case, ultrasound examination of the abdomen displayed a
hypoechoic lesion in the gastric wall, magnetic resonance imaging revealed
a heterogeneously enhancing, lobulated, exophytic mass, situated intramural
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within the submucosa of the anterior wall of the gastric antrum, and positron
emission tomography-computed tomography showed a hypermetabolic lesion.
In the second case, only gastroscopy was performed, and it revealed a 3-cm
large submucosal lesion.

5

Pathological diagnosis

For both cases, histology showed multiple intramural and subserosal nodules
with characteristic plexiform growth featuring bland spindle cells situated in an
abundant myxoid stroma with a prominent capillary network.

6

Treatment

Both patients underwent distal gastrectomy and retrocolic gastrojejunostomy
(according to Billroth 2).

7

Related reports

Reports of cases of plexiform fibromyxoma in the literature are rare.
Macroscopic, microscopic, immunohistochemical and molecular findings are
crucial for exclusion of the more common gastrointestinal stromal tumors, which
have potentially more aggressive behavior.

8

Term explanation

9

Plexiform fibromyxoma, also known as a plexiform angiomyxoid myofibroblastic
tumor, is a very rare mesenchymal tumor of the stomach, found almost
exclusively in the antrum/pylorus region.

10

Experiences and lessons

This report presents the characteristic findings of plexiform fibromyxoma.
Gastric GIST should be excluded in the differential diagnosis.

11

Peer-review

The authors have described two cases of very rare gastric plexiform
fibromyxoma that were successfully resected. The article highlights the
macroscopic, histologic, immunohistochemical and molecular findings typical of
theses tumors and provides insights into the correct diagnosis.

12
13
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Tegafur-uracil has been reported to have only minor
adverse effects and is associated with liver injury in
1.79% of Japanese patients. The development of
tegafur-uracil-induced hepatic fibrosis with portal
hypertension is rare. Here, we report a case of a
74-year-old woman with rapidly developing tegafururacil-induced hepatic fibrosis. The patient had no
history of liver disease and had been treated with
tegafur-uracil for 8 mo after breast cancer surgery.
The patient was admitted to our hospital for abdominal
distension and leg edema associated with liver
dysfunction. computed tomography imaging revealed
massive ascites and splenomegaly, and a non-invasive
assessment of liver fibrosis indicated advanced fibrosis.
The histopathological findings revealed periportal
fibrosis and bridging fibrosis with septation. The
massive ascites resolved after discontinuing tegafururacil. These findings suggest that advanced hepatic
fibrosis can develop from a relatively short-term
administration of tegafur-uracil and that non-invasive
assessment is useful for predicting hepatic fibrosis.
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Core tip: This case report presents a rapid development
of hepatic fibrosis induced by tegafur-uracil and the
usefulness of a non-invasive assessment of hepatic
fibrosis. Tegafur-uracil is often administered in patients
with various cancers; therefore, when liver dysfunction
progresses in patients treated with tegafur-uracil, the
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However, upon admission, her blood examination
showed low platelet counts, persistent liver dys
function, and increased levels of fibrosis markers
such as type 4 collagen 7S and hyaluronic acid. The
anti-hepatitis-B core (HBc) test was weakly positive;
however, the HBV-DNA test was negative, suggesting
a past infection (Table 1). CT imaging revealed the
presence of massive ascites and splenomegaly (Figure
1B), and upper gastrointestinal endoscopy showed
grade 1 esophageal varices without red spots (Figure
1C). The magnetic resonance (MR) elastography and
Virtual Touch Quantification (VTQ) values were 7.0 kPa
and 2.54 m/s, respectively (Figure 2A and B). These
findings suggested that the patient had hepatic failure
accompanied by portal hypertension and advanced
hepatic fibrosis. Although her serum immunoglobulin
levels were normal, she was positive for anti-nuclear
antibody (ANA) (anti-centromere type) (Table 1). A
liver biopsy was performed because primary biliary
cholangitis (PBC) was suspected. Histopathological
examination revealed spotty necrosis in zone 3 and
interface hepatitis, including lymphocytes, neutrophils,
and eosinophils, all in zone 1 (Figure 3A and B).
A Marked ballooning of hepatocytes with Mallory
bodies was noted (Figure 3C). Periportal fibrosis and
bridging fibrosis with partial septation were observed
(Figure 3D). The intralobular bile ducts had partially
degenerated, but neither chronic non-suppurative
destructive cholangitis nor cholestasis were detected.
There was no pathological copper or iron accumulation.
Therefore, the patient was diagnosed with tegafururacil-induced liver injury with a rapid development of
advanced hepatic fibrosis. Discontinuation of tegafururacil combined with conservative treatment, including
a diuretic, immediately improved the patient’s serum
transaminase levels and prothrombin activity. The
massive ascites was improved after 1 mo (Figure 4).
Thirteen months after drug discontinuation, the patient’s
type Ⅳ collagen 7S and hyaluronic acid levels were
improved from 16 ng/mL to 6.5 ng/mL and from 653.4
ng/mL to 112.2 ng/mL, respectively, suggesting an
alleviation of hepatic fibrosis.

development of hepatic fibrosis should be considered,
even for short-term administration.
Honda S, Sawada K, Hasebe T, Nakajima S, Fujiya M, Okumura
T. Tegafur-uracil-induced rapid development of advanced
hepatic fibrosis. World J Gastroenterol 2017; 23(31): 5823-5828
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i31/5823.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i31.5823

INTRODUCTION
Tegafur-uracil is used worldwide as a treatment for
various cancers, such as those of the lung, colon,
liver, and breast. The oral administration of tegafururacil has been reported to have only minor adverse
effects and, as such, is considered suitable for long[1,2]
term administration . Studies with a special focus on
drug-induced liver injury (DILI) and drug safety have
reported that tegafur-uracil is associated with liver
injury in 1.79% of Japanese patients. The development
of associated advanced hepatic fibrosis is unusual. In
fact, studies have shown that advanced hepatic fibrosis
develops only after the long-term administration of
[1,3]
tegafur-uracil . Here, we report a case that rapidly
progressed to advanced hepatic fibrosis with portal
hypertension. The patient had been treated with shortterm tegafur-uracil chemotherapy, and a non-invasive
assessment was useful for the diagnosis and prediction
of hepatic fibrosis.

CASE REPORT
A 74-year-old woman who was treated with amlodipine
for hypertension for more than 10 years was admitted
to our hospital for abdominal distension and leg
edema. The patient had undergone a muscle-sparing
mastectomy for breast cancer in the left breast 9
mo prior. The histopathological examination showed
stageⅠestrogen receptor- and progesterone receptornegative apocrine carcinoma. The patient was therefore
put on a regimen of tegafur-uracil (400 mg daily) for
8 mo. There was no history of liver disease or alcohol
abuse, and there was no family history of liver disease.
Before breast cancer surgery, computed tomography
(CT) imaging demonstrated neither chronic liver disease
nor splenomegaly (Figure 1A), and a blood examination
4
showed normal platelet counts (19.2 × 10 /μL), no
coagulopathy (prothrombin time activity 104%), and
no liver dysfunction (total bilirubin 0.5 mg/dL, aspartate
aminotransferase 22 U/L, alanine aminotransferase
14 U/L, alkaline phosphatase 320 mg/dL, gammaglutamyl transferase 24 U/L). Two months after the
administration of tegafur-uracil, her blood examination
revealed increased serum transaminase levels. She
was therefore prescribed ursodeoxycholic acid as a
supportive liver therapy because of a suspicion of DILI.

WJG|www.wjgnet.com

DISCUSSION
Only five cases of tegafur-uracil-induced hepatic
fibrosis with portal hypertension have been described
[1,3,4]
in the literature
(Table 2). These patients were
treated with tegafur-uracil over a long period (23-54
mo; mean 39.6 mo), and their pathological findings
showed periportal fibrosis and bridging fibrosis following
liver biopsy. In our case, massive ascites, esophageal
varices, and splenomegaly appeared 8 mo after drug
administration. Hepatic fibrosis has been previously
described in patients treated with tegafur-uracil over
23-54 mo, but the present case developed liver fibrosis
only 8 mo after the administration of this medication,
which suggested that a relatively short-term treatment

5824

August 21, 2017|Volume 23|Issue 31|

Honda S et al . Tegafur-uracil-induced hepatic fibrosis
Table 1 Laboratory data on admission
WBC
RBC
Hb
PLT

5750/µL
2.99 × 106/µL
11.7 g/dL
5.3 × 106/µL

ALP
LDH
γGTP
ChE
T. Cho
BUN
Cre
Na
K
Cl
NH3
IgG
IgA
IgM

40%
1.63

PT%
PT-INR

6.1 g/dL
2.9 g/dL
1.7 mg/dL
0.8 mg/dL
130 U/L
80 U/L

T.P.
Alb
T. Bil
D. Bil
AST
ALT

670 mg/dL
386 mg/dL
97 U/L
68 U/L
120 g/dL
18.6 mg/dL
0.65 mg/dL
140 mEq/L
3.9 mEq/L
105 mEq/L
44 µg/dL
1591.2 mg/dL
636.4 mg/dL
107.4 mg/dL

type 4 collagen 7S
Hyaluronic acid

16 ng/mL
653.4 ng/mL

ANA
(anti-centromere type)
AMA
ASMA

× 1280

HBs Ag
HBc Ab
HBV DNA
HCV Ab

(-)
9.36 S/CO
(-)
(-)

(-)
(-)

WBC: white blood cell count; RBC: red blood cell count; Hb: hemoglobin; PLT: platelet count; PT%: prothrombin time; PT-INR: prothrombin timeinternational normalized ratio; T.P.: total protein; Alb: albumin; T.Bil: total bilirubin; D.Bil: direct bilirubin; AST: aspartate aminotransferase; ALT:
alanine aminotransferase; ALP: alkaline phosphatase; LDH: lactate dehydrogenase; γGTP: gamma-glutamyl transferase; ChE: cholinesterase; T.Cho:
total cholesterol; BUN: blood urea nitrogen; Cre: creatinine; NH3: ammonia; IgG: immunoglobulin G; IgA: immunoglobulin A; IgM: immunoglobulin
M; ANA: anti-nuclear antibody; AMA: anti-mitochondrial antibody; ASMA: anti-smooth muscle antibody; HBsAg; hepatitis B surface antigen; HBcAb:
hepatitis B core antibody; HBV: hepatitis B virus; HCV Ab: hepatitis C virus antibody.

Table 2 Tegafur-uracil-induced hepatic fibrosis
Cases

Age (yr)

Sex

Daily dose (mg)

Duration (mo)

Type 4 collagen 7S (ng/mL)

Hepatic fibrosis

Portal hypertension

1[1]

81

M

400

48

12

bridging fibrosis

2[3]
3[4]
4[4]
5[4]
our case

76
82
73
68
74

F
M
M
F
F

NA
300
300
400
400

24
48
23
55
8

NA
12
11
12
16

bridging fibrosis
bridging fibrosis
bridging fibrosis
bridging fibrosis
bridging fibrosis
with septation

Esophageal varices
Ascites
Ascites
NA
NA
NA
Esophageal varices
Ascites
Splenomegaly

M: male; F: female; NA: not available.

A

B

C

Figure 1 Computed tomography and upper gastrointestinal endoscopy images. A: CT imaging showed neither chronic liver disease nor splenomegaly before
breast cancer surgery; B: Eight months after treatment with tegafur-uracil, CT imaging revealed the presence of massive ascites and splenomegaly; C: Upper
gastrointestinal endoscopy showed grade 1 esophageal varices (arrowheads).

with tegafur-uracil induced advanced hepatic fibrosis
with portal hypertension. We initially suspected
tegafur-uracil-induced liver dysfunction on the basis of
previous chronic liver disease. In particular, because
anti-centromere type ANA is a significant risk factor for
the development of portal hypertension in patients with
[5,6]
PBC , we suspected PBC in this patient, and a liver

WJG|www.wjgnet.com

biopsy was performed. Histopathological examination
revealed the marked ballooning of hepatocytes and
infiltration of neutrophils and eosinophils. However,
contrary to our expectations, features consistent with
PBC were not observed. In addition, the patient did not
have a history of chronic liver disease or alcohol abuse,
and a previous CT imaging did not show chronic liver
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B

A

Figure 2 Magnetic resonance elastography and virtual touch quantification in the liver. A: Elastography showed that the shear stiffness of the liver was 7.0 kPa; B:
A region of interest was placed the right lobe and the median value of the measured shear wave velocity was 2.54 m/s.

A

B

C

D

Figure 3 Histopathological analysis of the liver. A: Histopathological examination showed interface hepatitis; B: Infiltration of lymphocytes, neutrophils, and
eosinophils (arrowheads); C: Markedly ballooning of hepatocytes with Mallory bodies was observed (arrows) (hematoxylin-eosin staining, magnification A: × 200, B: ×
400, C: × 400); D: Azan staining showed periportal fibrosis and bridging fibrosis with partial septation (Azan staining, magnification: × 100).

disease or splenomegaly. It is difficult to diagnose
atypical PBC, even if historical analysis is performed;
however, PBC usually develops slowly without an acute
[7,8]
onset or acute exacerbation . The clinical course
necessitated the discontinuation of tegafur-uracil
therapy. This treatment plan improved the patient’s
liver dysfunction. Therefore, it appeared that advanced
hepatic fibrosis was induced by the short-term
administration of tegafur-uracil.
Autoimmunity is related to liver injury induced by
some drugs, such as herbal products, minocycline,
[9,10]
diclofenac, statins, and other biological agents
.
In our case, the mechanism underlying the rapid

WJG|www.wjgnet.com

development of hepatic fibrosis was unclear. However,
certain mechanisms that underlie autoimmune re
actions may have been associated with the rapid
progression of fibrosis.
Recent studies have suggested that non-invasive
assessments of liver fibrosis, including approaches that
[11,12]
[13-15]
use MR elastography
and VTQ
, are useful for
predicting hepatic fibrosis in patients with liver disease,
particularly in those with chronic hepatitis C. Suou et
[1,4]
al
reported that hepatic fibrosis without elevated
transaminase levels could be induced by the long-term
oral administration of tegafur-uracil and that certain
serum fibrosis markers, such as type Ⅳ collagen 7S,
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Surgery

PT%
ALT
PLT

Admission

Tegafur-uracil
Liver-supporting therapy

100

25

90
80

20

15

60

4

50

× 10 /μL

U/L, %

70

40

10

30
5

20
10
0

0

2

4

6

8

10

12

14

0
16

t /mo

Figure 4 Clinical course. Serum ALT levels increased after the administration of tegafur-uracil. With liver-supporting treatment, the serum ALT levels temporarily
improved. However, serum ALT levels increased again, and the patient was referred to our hospital after 8 mo. Discontinuation of tegafur-uracil combined with
conservative treatment improved serum ALT levels, platelet counts, and prothrombin activity. PT%: prothrombin time; ALT: alanine aminotransferase.

Imaging diagnosis

were useful for the diagnosis of tegafur-uracil-induced
[1,4]
hepatic fibrosis . In our case, serum fibrosis markers,
MR elastography, and VTQ indicated the presence of
advanced hepatic fibrosis. Histopathological findings
from liver biopsy specimens supported the findings
obtained using the abovementioned techniques. These
data suggest that non-invasive approaches may be
useful in diagnosing hepatic fibrosis in patients with
DILI.
In conclusion, our case suggests that shortterm treatment with tegafur-uracil may lead to the
rapid development of hepatic fibrosis with portal
hypertension. Tegafur-uracil can occasionally induce
liver injury, which may develop into advanced hepatic
fibrosis with portal hypertension. However, hepatic
fibrosis is not evaluated in many cases. Thus, when
liver dysfunction progresses in patients who are treated
with tegafur-uracil even for short periods, oncologists
should consider hepatic fibrosis and perform a noninvasive assessment to rule out this possibility.

CT imaging revealed massive ascites and splenomegaly, and both of MR
elastography and VTQ indicated advanced hepatic fibrosis.

Pathological diagnosis

Pathological examination revealed bridging fibrosis with septation, suggesting
advanced hepatic fibrosis.

Treatment

Discontinuation of tegafur-uracil combined with conservative treatment.

Related reports

Some studies have shown the development of hepatic fibrosis induced by
tegafur-uracil. However, all of the previously described patients had been
treated with tegafur-uracil for a long period of time.

Term explanation

Tegafur-uracil has minor adverse effects and is associated with liver injury in
only 1.79% of Japanese patients. Tegafur-uracil-induced hepatic fibrosis is rare.

Experiences and lesson

The present case suggests that tegafur-uracil may lead to the rapid develop
ment of hepatic fibrosis with portal hypertension, even when administered for a
short period of time.
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Abstract
Colorectal cancer (CRC) is a multifactorial disease
characterized by several genetic and epigenetic
alterations occurring in epithelial cells. It is increasingly
recognized that tumour progression is also regulated
by tumour microenvironment (TME). The bidirectional
cross-talk between tumour resident adipocytes and
cancer cells within TME has been proposed as active
contributor to carcinogenesis. Tumour resident adi
pocytes exhibit an activated phenotype characterized
by increased secretion of pro-tumorigenic factors
(angiogenic/inflammatory/immune) which contribute
to cancer cell proliferation, invasion, neoangiogenesis,
evasion of immune surveillance and therapy resistance.
Furthermore, adipocytes represent a fuel rich source
for increasing energy demand of rapidly proliferating
tumour cells. Interestingly, a relationship between
obesity and molecular variants in CRC has recently
been identified. Whether adipose tissue promotes
cancer progression in subsets of molecular phenotypes
or whether local tissue adipocytes are involved in
inactivation of tumour suppressor genes and/or acti
vation of oncogenes still needs to be explored. This
editorial highlights the major findings related to crosstalk between adipocytes and colon cancer cells and
how local paracrine interactions may promote cancer
progression. Furthermore, we provide future strategies
in studying colonic TME which could provide insights in
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[5]

contributing to cancer progression .
The tumour microenvironment (TME) comprising
stromal cells (adipocytes, macrophages, fibroblasts,
monocytes, neutrophils, infiltrating immune T-cells
and B-cells) and extracellular matrix is a fertile soil
for cancer cells. Increasing evidence suggests that
paracrine bi-directional cancer cell-stromal cell crosstalk is a key driver not only of local inflammation, but
also activation and recruitment of immune cells, neoangiogenesis and extracellular matrix remodelling. This
in turn contributes to cancer cell proliferation, invasion
[6]
and migration .
This Editorial highlights the contribution of adipose
tissue secreted factors in colon cancer progression with
a focus on bidirectional cross-talk between adipocytes
and colon cancer cells.

bidirectional cross-talk mechanisms between adipocytes
and colonic epithelial cells. This could enable to
decipher critical signalling pathways of both early
colonic carcinogenesis and cancer progression.
Key words: Tumour resident adipocytes; dysfunctional
adipocytes; adipose tissue; cancer cell-tumour resident
adipocyte cross-talk; colon cancer microenvironment
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The tumor microenvironment (TME) has been
implicated in cancer progression and chemoresistance.
Adipocytes are active components of the TME. Bidire
ctional cross-talk between adipocytes and cancer cells
has recently been postulated to actively contribute to
tumor initiation and progression. This Editorial highlights
the role of local paracrine interactions between adi
pocytes and colon cancer cells. Discovery of signalling
pathways activated by tumor resident adipocytes in colon
cancer will allow better understanding of carcinogenesis
and provide potential therapeutic targets.

ANATOMIC AND MOLECULAR
RELATIONSHIP BETWEEN ADIPOCYTES
AND CRC
The mesentery, constituted by loose connective tissue
and adipocytes, is the primitive envelope of the colon.
Therefore, the colon lies in close proximity to adipose
tissue depots. Submucosal distribution of adipocytes
[7]
has also been reported , although the presence and
proportion of submucosal fat in normal colonic wall is
not well known. Increased submucosal fat deposition
is a known characteristic of inflammatory bowel
[8]
disease . However, this has also been described in
[9]
subjects without intestinal pathology . Understanding
normal colonic wall histology is essential in order
to appreciate the close spatial relationship between
adipocytes and colonic epithelial cells, progenitor cells
of CRC.
Recently, an interesting area of research termed
“molecular pathologic epidemiology” (MPE) has detected
epigenetic modifications associated with obesity,
providing insights into the relationship between obesity
[10]
and molecular variants in CRC . It has been proposed
that microenvironment-derived signals trigger heritable
genetic changes within cancer cells, contributing to
[11]
tumour evolution . Studies in breast cancer, suggest
that bidirectional interactions induce sequential
epigenetic modifications in both cancer and stromal
cells with progression from in situ ductal carcinoma to
[12]
invasive carcinoma . Epigenetic modifications induced
by tumour resident adipocytes in colon cancer cells
have not been reported, although MPE studies have
identified a relationship between obesity and molecular
[10]
variants in CRC .

Tabuso M, Homer-Vanniasinkam S, Adya R, Arasaradnam
RP. Role of tissue microenvironment resident adipocytes in
colon cancer. World J Gastroenterol 2017; 23(32): 5829-5835
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i32/5829.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i32.5829

INTRODUCTION
Colorectal carcinogenesis is multifactorial involving
interactions between genetic mutations (APC, TP53,
PI3K, KRAS, BRAF, PTEN), microsatellite instability,
chromosomal instability, epigenetic alterations
(locus-specific CpG island methylation, global DNA
[1]
hypomethylation)
and environmental factors
(obesity, diabetes, metabolic syndrome, intestinal
[2]
microbiome) . Moreover the importance of “field
cancerisation” has been highlighted in terms of cancer
[3]
development in the macroscopically normal colon .
Epidemiologic studies support an association between
high BMI and colorectal cancer (CRC) incidence and
[4]
mortality . Adipose tissue has been recognised as a
major endocrine organ, secreting adipokines (leptin,
adiponectin, visfatin), growth factors and immune/
inflammatory/angiogenic factors [tumour necrosis
factor-alpha (TNF-α), interleukin-6 (IL-6), IL-8 and
vascular-endothelial-growth-factor (VEGF)] involved
in the regulation of systemic energy and metabolic
homeostasis. Altered adipose tissue secretion of
such factors has been implicated in dysregulation of
inflammatory and immune responses leading not only
to systemic low-grade inflammation and metabolic
dysfunction, but also to local tissue inflammation

WJG|www.wjgnet.com

DYSFUNCTIONAL ADIPOCYTES AND
CANCER
The main component of adipose tissue is white adipose
tissue (WAT). Expansion of WAT is consequence of
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Table 1 Role of adipocyte secreted factors and metabolites and signalling pathways
AT secreted factors
TNF-α

Function

Signalling pathway

Ref.

Pro-inflammatory,
cell proliferation, anti-apoptotic, angiogenetic

PI3K, NF-κB

Pikarsky et al[17], 2004
Huang et al[18], 2009
Viatour et al[19], 2005
Hodge DR et al[20], 2005
Hefetz-Sela et al[22], 2013
Hoda et al[23], 2007
Hefetz-Sela et al[22], 2013

IL-6
Leptin

Pro-inflammatory, cell proliferation and anti- apoptotic
Promotion of cell survival, proliferation, differentiation,
pro-inflammatory
Adiponectin
Anti-inflammatory, anti-proliferative and pro-apoptotic
effect
Visfatin
Pro-inflammatory, angiogenic, promotion of cell survival
and migration
Lipid peroxidation products Promotion of cell proliferation, differentiation, survival,
migration, angiogenesis

JAK/STAT3
JAK/STAT, PI3K, MAPK
Inhibition of PI3K, AMPK/mTOR,
JAK/STAT3, NF-kB
ERK/MAPK, PI3K/AKT, NF-κB,
β1-integrin
PI3K/AKT/mTOR
NF-κB, PPAR, MAPK

Adya et al[25], 2008
Huang et al[26], 2013
Ayala et al[27], 2014

PI3K: Phosphoinositide 3-kinase; NF-kB: Nuclear factor-kappa B; JAK/STAT3: Janus kinase/signal transducers and activators of transcription 3; MAPK:
Mitogen-activated protein kinases; AMPK: AMP-activated protein kinase; mTOR: Mammalian target of rapamycin; HIF-1α: Hypoxia-inducible factor
1-alpha; TNF-α: Tumor necrosis factor alpha; IL-6: Interleukin-6; AKT: Protein Kinase B; ERK: Extracellular signal-regulated kinase; PPAR: Peroxisome
proliferator-activated receptors.

TNF-α

an increase in size (hypertrophy) and/or increase
in number (hyperplasia) of adipocytes. Healthy
adipose tissue expansion consists in hypertrophic
and hyperplastic white adipocytes, with appropriate
angiogenic response, extracellular matrix remodelling
and minimal inflammation. In contrast, pathological
expansion of adipose tissue consists of adipocytes
hypertrophy resulting in hypoxia, reduced angi
ogenesis, infiltration of macrophages and immune
cells, low-grade inflammation, excessive production
of reactive oxygen radicals, endoplasmic reticulum
stress, mithocondrial dysfunction and remodelling of
[13]
extracellular matrix .
Inflammation is a recognised hallmark of cancer
and pre-existing pro-inflammatory microenvironments
[14]
are associated with increased cancer risk . Increasing
evidence, in breast, prostatic, ovarian and colon cancer,
suggests that dysfunctional adipocytes are involved
in cancer cell proliferation and migration through
dysregulation of local and systemic inflammatory[15]
immune-angiogenic response system . Inflammation
is initiated by adipose tissue hypertrophy leading to
localized hypoxia which activates hypoxia-inducible
factor 1-alpha (HIF-1α). HIF-1α up-regulates secretion
of chemokines and proangiogenic factors including
TNF-α, IL-6, IL-1, monocyte chemoattractant protein
(MCP-1), plasminogen activator inhibitor-1 and VEGF,
which are involved in the recruitment of macrophages
and initiation of angiogenesis. Recruited macrophages
contribute further to up regulation of inflammatory/
immune cytokines favouring the acquisition of a sys
[16]
temic and local inflammatory phenotype .

TNF-α, secreted by dysfunctional adipose tissue,
has been shown to support cancer cell proliferation,
angiogenesis and metastasis through activation of
key transcription factors, including PI3K/AKT/mTOR
[17-19]
and nuclear transcription factor NF-κB
. TNF-α
and hypoxic conditions also induce secretion of the
proinflammatory cytokine IL-6, activator of Janus
Kinase and signal transducers and activators of
transcription 3 (Jak/STAT3) pathways, key regulators
[20]
of cell proliferation and apoptosis .
Adipocyte secreted hormones, including leptin,
adiponectin and visfatin, have also been implicated in
colon cancer progression (Figure 1).

Leptin

Leptin is a potent inflammatory agent involved in up
regulation of pro-inflammatory cytokines such as TNF-α,
MCP-1, and reactive oxygen species from endothelial
[21]
cells and peripheral blood mononuclear cells . In vitro
studies, in colon cancer cell lines, have demonstrated
that leptin exerts pro-inflammatory, mitogenic, anti[22,23]
apoptotic and angiogenic properties
.

Adiponectin

Adiponectin has a potent anti-inflammatory, antiproliferative and pro-apoptotic activity. However,
proliferative and pro-inflammatory properties of
adiponectin on colonic epithelial cancer cells have also
been reported. Several studies suggest local-paracrine
pro tumorigenic effects of adiponectin according to
tissue-specific expression of its receptor subtypes
(ADIPOR1 and ADIPOR2). Increased AdipoR1 and
AdipoR2 expression has been associated with cancer
progression linked with the pro-angiogenic activity of
[22,24]
adiponectin
.

ROLE OF AT SECRETED FACTORS AND
LIPID METABOLITES IN COLON CANCER
The adipose tissue secreted factors, lipid metabolites
and signalling pathways have been summarized in
Table 1.
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Visfatin

Visfatin has been shown to exhibit pro-inflammatory
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Colon cancer microenvironment

Tumor resident adipocyte

Cytokines/growth factors

Adipokines

Products of lipid peroxidation

JAK/STAT3

HIF-1α
PI3K
MAPK

AKT

MAPK
PI3K/AKT
NF-κB

Cell cycle
regulators

JAK/STAT3

Inflammatory/
immune regulator

HIF-1α

Angiogenic
regulator

mTOR

NF-κB

- TNFα
- IL-6

Figure 1 Signalling pathways activated by tumour resident adipocytes secreted factors. Tumour resident adipocytes secreted factors activate cell cycle
regulators and inflammatory/immune/angiogenic regulators. Cancer cell secreted inflammatory cytokines activate host cells of TME constituting a paracrine/autocrine
loop. MAPK: Mitogen-activated protein kinases; PI3K: Phosphoinositide 3-kinase; AKT: Protein Kinase B; mTOR: Mammalian target of rapamycin; NF- κB: Nuclear
factor-κB; JAK/STAT3: Janus kinase/signal transducers and activators of transcription 3; HIF-1α: Hypoxia-inducible factor 1-alpha; TNF-α: Tumor necrosis factor
alpha; IL-6: Interleukin-6.
[25]

and pro-angiogenic effects in endothelial cells .
Studies have demonstrated a role of visfatin in CRC.
CRC cells express chemokine receptors (CXCR4 and
CXCR7), activated by visfatin, which bind stromal cellderived factor-1, promoter of survival and migration of
[26]
cancerous cells .

signalling between tumour resident adipocytes and
cancer cells. CRC progresses through sequential
stages involving multiple layers of the colonic wall.
TNM staging system is currently used for classifying
CRC in 4 stages according to local invasion depth
(T stage), lymph node involvement (N stage) and
presence or absence of distant metastasis (M stage),
providing indication for prognosis and therapeutic
strategies. With cancer progression activation of
complex signalling networks modify both cancer
[28]
cells and stromal cells . Cancer cells and activated
stromal cells communicate by autocrine/paracrine
pathways contributing to dynamic modulation of TME
through persistent recruitment of inflammatory and
stromal cells in the TME. As a result, TME becomes
increasingly populated with infiltrating innate immune
cells (macrophages, neutrophils), adaptive immune
cells (T and B lymphocytes) pericytes and stem cells
contributing to cancer cell proliferation and invasion
(Figure 2).
Adipocytes located in close proximity to tumour
invasive front are reprogrammed by cancer cells
into activated fibroblast-like cells. Tumour resident
adipocytes exhibit morphological and functional
modifications, known as adipocyte dedifferentiation,
consisting in size reduction, due to enhanced lipolytic

Lipid peroxidation products

The chronic low-grade inflammatory state of
dysfunctional adipocytes leads to activation of lipid
peroxidation with the production and secretion of
4-hydroxy-2-nonenal (4-HNE) and malondialdehyde.
The secreted 4-HNE is responsible of deregulation of
multiple pathways involved in tumour cell proliferation,
differentiation, cell survival, migration, apoptosis and
angiogenesis including MAPK, PI3K-AKT-mTOR, NF-κB.
This also results in upregulation of prostaglandin E2
[27]
(PGE2) and cyclooxygense-2, implicated in CRC .

ACTIVATED PHENOTYPE OF TUMOUR
RESIDENT ADIPOCYTES AND LOCAL
PARACRINE REGULATION OF COLON
CANCER
Recently great interest has emerged in reciprocal

WJG|www.wjgnet.com

5832

August 28, 2017|Volume 23|Issue 32|

Tabuso M et al . Tumour resident adipocytes in colon cancer

- TNF-α

Inflammatory
cytokines

- IL-6

Adipokines

- ?other

Lipolysis/free

Tumor resident
adopocytes
Lymphocytes
Macrophages

fatty acids
Peritoneal peritoneum

Fibronectin

Mesentery

Collagen

Serosa
(visceral peritoneum)

Adipocytes
Cancer cells

Muscularis propria
Submucosa
Muscularis mucosae
Mucosa
Tis

T1

T2

T3

T4a

T4b

Figure 2 Colon cancer progression and tumour microenvironment. Bi-directional cross-talk between host cells of tumour microenvironment (TME) contributes
to colon cancer progression. Activated tumour resident adipocytes increase secretion of cytokines, growth factors, adipokines and release lipid metabolites promoting
colon cancer cell proliferation and migration. Cancer cells secrete inflammatory factors which repopulate TME, further enhancing cancer cell proliferation. Tis:
carcinoma in situ; T1: Tumour invades submucosa; T2: Tumour invades muscularis propria; T3: Tumour invades through muscularis propria into pericolorectal tissues;
T4a: Tumour penetrates to the surface of the visceral peritoneum; T4b: Tumour directly invades or is adherent to other organs or structures.

activity, decreased adipocyte-differentiation markers
(adiponectin, resistin, fatty acid binding protein-4,
adipocyte protein 2), and increased secretion of
inflammatory factors (IL-6, IL-8, IL-1 β, TNF-α), growth
factors (insulin-like growth factor 1, IGF1 binding
proteins), angiogenic factors (VEGF) and MCP-1
[15]
(CCL2) . In vitro studies, in breast and prostate
cancer, have demonstrated that tumour resident
adipocyte secreted factors activate signalling pathways
involved in cancer cell survival, proliferation, invasion,
epithelial to mesenchimal transition, angiogenesis
and extracellular matrix remodelling, promoting cancer
[15,22]
initiation and metastasis
. Active recruitment of
adipocytes to TME has not been reported, although
it has been reported that bone marrow derived
mesenchymal stem cells (progenitors of adipocytes)
may be recruited to specific sites of neoplasia inducing
[29]
metastatic properties . An open question is whether
adipose tissue promotes cancer progression in subsets
of molecular phenotypes or whether local tissue
adipocytes are involved in inactivation of tumour
suppressor genes and/or activation of oncogenes
(Figure 3).
Adipocytes serve as a fuel rich source for increasing
energy demand of rapidly proliferating tumour cells.
Advanced stages of gastrointestinal malignancies
often present with cancer-associated-cachexia as
a result of lipolysis induced by cancer cells. Studies
have described increased lipid droplets in colon
adenocarcinoma and it has been implicated in PGE2
synthesis. Inhibition of lipid droplet formation by fatty

WJG|www.wjgnet.com

acid synthase inhibitors reduces cancer cell proliferation
in vitro, suggesting a role of lipid droplets in colon
[30]
adenocarcinoma .
Metabolic and transcriptomic expression profile and
direct paracrine effects of tumour resident adipocytes
in colon cancer have not been evaluated. We have
preliminary data (unpublished) indicating increased
expression of pro-inflammatory/immune/angiogenic
factors in colon cancer resident adipocytes, isolated
from paraffin embedded sections using laser micro
dissection system, compared to adipocytes isolated
from the distal non neoplastic mucosa.
TME signalling pathways have recently been
implicated in inducing chemoresistance in breast and
[31]
prostate cancer . There is also evidence, in colon
cancer cell lines, that leptin inhibits cytotoxic effects of
[32]
5-fluorouracil .

Novel strategies in studying TME

Two dimensional (2D) cell culture models, widely
used in basic science research, do not reproduce
the complex interactions between host cells of
TME. Recently, three-dimensional (3D) organoid
models, derived from mouse and human intestinal
tissue ex vivo, have been described. These in vitro
organ-like cultures reproduce intestinal tissue micro
environment. Furthermore, they can be co-cultured
[33]
with stromal components . Reproduction of colonic
microenvironment in vitro will allow to decipher ex
vivo bidirectional cross-talk mechanisms between
adipocytes and colonic epithelial cells.
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Genetic/epigenetic alterations

Metabolic syndrome
Macrophages
? Mutations

Lymphocytes

Epithelial cells
Dysfunctional
Adipose Tissue

? Adipocyte
recruitment
signals

Dysregulated secretion
of adipokines and
chemokines
Insulin resistance
Fibrosis
Hypoxia

Cancer cell proliferation
Cancer cell migration

? Adipocyte
de-differentiation
signals

Cancer cells
Colon cancer cells
Tumour resident adipocytes

Figure 3 Paracrine interactions between dysfunctional adipose tissue, colon cancer cells and normal epithelial cells. Dysfunctional adipose tissue induces
recruitment of macrophages and lymphocytes creating a favourable microenvironment for tumour initiation and progression. We propose that dysfunctional adipocytes
may induce epigenetic mutations in neighbouring epithelial cells. Adipocyte activation and recruitment signals from colon cancer cells are not known.

CONCLUSION
The bidirectional cross talk between tumour resident
adipocytes and colon cancer cells contributes to the
progressive evolution of tumour microenvironment
and cancer progression. It is therefore important to
decipher the metabolic and transcriptomic expression
profiles of colon cancer resident adipocytes in different
stages of tumour progression. Colon organoid cultures
combined with adipocytes and/or tumour resident
adipocyte secreted factors will allow to identify critical
signalling pathways of both early colonic carcino
genesis and cancer progression providing diagnostic
biomarkers and novel therapeutic targets for colon
cancer.
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Clinical manifestations of inflammatory bowel disease
(IBD) are not locally restricted to the gastrointestinal
tract, and a significant portion of patients have involve
ment of other organs and systems. The visual system
is one of the most frequently affected, mainly by in
flammatory disorders such as episcleritis, uveitis and
scleritis. A critical review of available literature con
cerning ocular involvement in IBD, as it appears in
PubMed, was performed. Episcleritis, the most common
ocular extraintestinal manifestation (EIM), seems to be
more associated with IBD activity when compared with
other ocular EIMs. In IBD patients, anterior uveitis has
an insidious onset, it is longstanding and bilateral, and
not related to the intestinal disease activity. Systemic
steroids or immunosuppressants may be necessary
in severe ocular inflammation cases, and control of
the underlying bowel disease is important to prevent
recurrence. Our review revealed that ocular involvement
is more prevalent in Crohn’s disease than ulcerative
colitis, in active IBD, mainly in the presence of other
EIMs. The ophthalmic symptoms in IBD are mainly nonspecific and their relevance may not be recognized
by the clinician; most ophthalmic manifestations are
treatable, and resolve without sequel upon prompt
treatment. A collaborative clinical care team for
management of IBD that includes ophthalmologists
is central for improvement of quality care for these
patients, and it is also cost-effective.
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prevent poor outcomes, as discussed in this review.

disease; Ulcerative colitis; Ocular complications; Eye
manifestations

EIMs

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Considering the underlying disease, the prevalence of
EIM is variable and ranges between 12% to 35% in
[2,14-16]
UC and 25% to 70% in CD
. Indeed, 6%-40%
of patients with IBD have one or more EIMs that can
[17]
be more debilitating than the underlying IBD itself .
Although the EIMs have a multifactorial pathogenesis,
[16]
it is not well understood . It seems to be related to
an immune response against toxins and antigens that
reach the bloodstream from the gastrointestinal tract,
leading to an antigen-antibody complex deposition in
[2,18-21]
different extraintestinal tissues
.
Other complex mechanisms are speculated in some
cases. It has been suggested that a human epithelial
colonic autoantigen that is also present in the skin, bile
ducts, eyes and joints triggers an antibody-mediated
[5,22,23]
immune response
and that this is related to
intestinal and extraintestinal symptoms in UC patients,
[5]
but not in CD . A higher incidence of HLA-B27 and
HLA-DRB1*0103 positivity was demonstrated in IBD
patients, and an association with extensive disease
and the development of EIMs, mainly ocular and
[9,22,24]
articular, has been reported
. However, Lanna
[25]
et al
analyzed 96 IBD patients and found no asso
ciation between HLA positivity and ocular or joint
manifestations, suggesting that this finding could be
justified by the great genetic heterogeneity in different
global populations.
The frequency of EIMs in each type of IBD patient is
controversial. Most studies show a higher frequency of
[2,20,26-28]
EIMs in CD patients
, while some report similar
[29]
frequencies in both diseases . EIMs may occur before
an IBD diagnosis and even before recurrent intestinal
[3,30]
episodes
. The diagnosis of IBD in those under 40
years old and of female sex are considered risk factors
[2,31]
for the development of EIMs
.
Among EIMs, musculoskeletal conditions are most
common, followed by mucocutaneous and ophthalmic
[15,32]
diseases
. However, nearly any organ, including
those of dermatologic, hepatopancreatobiliary, renal,
pulmonary and endocrinological systems, can be
involved, leading to a significant challenge to physi
[2,15,19]
cians who manage IBD patients
. Most IBD pa
tients with EIMs have active colonic inflammation;
although, they can occur prior to, or after, the onset of
[20,26,33-35]
colonic symptoms
. Early recognition of EIMs is
important as they may characterize subclinical inflam
mation in IBD patients, with a possible increased risk
[19,35,36]
of morbidity and mortality
.
The aim of this review was to evaluate the current
literature about ocular EIMs, emphasizing inflam
matory alterations that need prompt recognition to
avoid irreversible visual impairment. Reference lists
from the articles selected by electronic searching were
manually reviewed to identify further relevant studies.
Articles in each of these multiple searches were

Core tip: Among all inflammatory bowel disease (IBD)
patients, ophthalmic inflammatory disorders occur
in 0.3% to 13.0% of cases, 1.6%-5.4% among the
ulcerative colitis and 3.5%-6.8% among the Crohn’s
disease patients. Since asymptomatic inflammation of
ocular tissues may occur, a routine ophthalmic followup is recommended in all IBD patients, mainly before
changes in IBD therapy because some drugs may cause
ocular adverse effects. Patients with chronic or recurrent
use of systemic corticosteroids should be warned of
the risk of cataracts and glaucoma. Patient awareness
of possible eye involvement is important in improving
understanding of their disease and health outcomes,
supporting early diagnosis, which will contribute to
success of the treatment.
Troncoso LL, Biancardi AL, de Moraes Jr HV, Zaltman C.
Ophthalmic manifestations in patients with inflammatory
bowel disease: a review. World J Gastroenterol 2017; 23(32):
5836-5848 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i32/5836.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i32.5836

INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic,
immune-mediated inflammatory gastrointestinal
[1-4]
disease of unknown etiology . Ulcerative colitis (UC)
and Crohn’s disease (CD) are the main types of IBD,
with different pathophysiology and clinical features
but both characterized by episodes of recurrent acute
[1,4-9]
attacks
.
The incidence and prevalence of IBD are highly
[8,10-12]
variable, depending on the population studied
, with
an estimated global prevalence of 146.9 cases/100000
people. IBD has shown progressive increases in newly
industrialized countries in Asia, South America and the
Middle East, and has evolved into a global disease with
[13]
a rising prevalence on every continent . The highest
worldwide prevalence of IBD is found in Europe, with
322 and 505 cases per 100000 people for CD and UC,
[3,8]
respectively .
IBD is a chronic disease and requires chronic
treatment. In addition, the disease has a great impact
on the patient’s quality of life, commonly requiring a
lifetime of care. Ocular complaints can occur as an
extraintestinal manifestation (EIM) of the disease or
may be drug-related. These disorders can be nonspecific, with no clinical relevance to the patient and/or
the physician, but the risk of complications is a reality.
Thus, early detection and treatment are necessary to
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reviewed, and those meeting the inclusion criteria,
that is, publications providing data on the incidence,
prevalence, clinical features and management of
ophthalmologic manifestations in IBD, were recorded.

to IBD are episcleritis (2%-5%) and uveitis (0.5%[15,17,29,32]
3.5%)
, as listed in Table 1.
[56]
Karmiris et al
performed an important study
due to the large number of subjects evaluated. They
retrospectively analyzed 1860 (1001 with CD and 859
with UC) Greek IBD patients’ medical reports. Arthritic,
mucocutaneous and ocular (3% of IBD patients; 8.9%
of all EIM occurrences) were the most common types
of manifestations. Ocular EIMs were more frequent
in women (54.55%) and CD patients (81.82%),
with the exception of posterior uveitis, which had a
predominance in UC patients. The authors mentioned
episcleritis as the most frequent manifestation,
although 31 cases of anterior uveitis and 16 cases of
episcleritis were found. Disease activity was evaluated
clinically in 346 participants, according to the treating
physician’s assessment (presence of symptoms asso
ciated with elevated inflammatory markers, mainly
C-reactive protein and erythrocyte sedimentation rate,
despite appropriate treatment at the time of the EIM
diagnosis). They found 225 (65%) active IBD and 121
(35%) quiescent cases. The relationships between
ocular EIM and IBD activity and extent, or behavioral
and smoking habits were not clearly mentioned in the
study.
[27]
Similarly, Bandyopadhyay et al
reported in
their study of 120 Indian IBD patients an association
between general EIMs and female sex, Hindu religion,
severe gastrointestinal disease and steroid usage, but
did not mention specific associations with ocular EIMs.
The frequency of ocular EIM reported was similar to
that among American and European populations.
[57]
Manser et al
detected uveitis in 15.7% of patients
with extraintestinal complications and 12.3% of all
179 UC patients evaluated. They suggested that the
introduction of early mesalazine therapy, up to 2 mo
after UC diagnosis, could be a protective factor against
[58]
the development of EIMs .
[59]
Cloché et al
evaluated 74 of 305 IBD patients
with ophthalmological symptoms. Only one patient
presented with scleritis and they concluded that ocular
symptoms were neither specific nor associated with
ocular inflammation. A limitation of the study was that
only symptomatic patients underwent examinations.
No subclinical occurrence was investigated; thus, it
is not possible to determine the actual occurrence
of ocular manifestations in the total sample. Even
evaluating only symptomatic patients, a frequency of
ocular manifestation of 1.4% was found, lower than
that found in the literature. A possible explanation
is based on the large number of patients receiving
biological agents, about 50%, which may have treated
[60]
the IBD and prevented ocular inflammation .
[61]
In an important prospective study, Felekis et al
performed complete eye examinations in 60 IBD
patients, finding a high frequency of 43% of ocular
EIMs. However, in some cases these findings could

OCULAR INVOLVEMENT
The ocular system can be affected by several immune
[29,37-42]
[42]
systemic diseases, including IBD
. Crohn
published the first report of ocular involvement in IBD
in 1925, in which it was suggested that two patients
he treated probably suffered from keratomalacia and
xerophthalmia.
Since the first report, the main ocular findings
have been related to inflammatory manifesta
[20,25,27,29,43-45]
tions
that occur in the early years after
[2,15]
an IBD diagnosis
. Although these findings can
[15,18]
indicate disease activity
, the association with
the gastrointestinal tract-affected area is not well
[2,15]
established
. It has been demonstrated that there
is a greater tendency of ocular inflammation in CD
patients, mainly with colitis or ileocolitis, and UC
[2,34,46]
[28]
patients with pancolitis
. Zippi et al corroborate
the literature data in their retrospective study in Italian
IBD patients, demonstrating a significant association
between ocular EIM and CD.
The prevalence of ophthalmic inflammatory
disorders is variable, according to the population
studied, ranging from 0.3% to 13.0% among all IBD
[14,20,25,27,29,34,45,47]
patients
, 1.6%-5.4% among those
[25,29]
with UC and 3.5%-6.8% among those with CD
.
Although a greater frequency of ocular involvement
[23,48]
has been demonstrated in CD vs UC patients
, the
[25,27]
results are controversial
.
Considering the risk factors for developing ocular
manifestation in IBD, an association has been reported
[17,23,31]
with female sex
, and the presence of arthritis or
[23,46]
arthralgia in CD patients
. A paradoxical positive
association has been demonstrated between smoking
[49]
and ocular manifestation in UC patients , because it
is well known that smoking exerts a protective effect
against both the development and progression of
[50,51]
UC
.
The physiopathology of ocular EIMs remains
[2,25,29,52-54]
unclear
. It has been suggested that local action
of antigen-antibody complexes produced against the
bowel wall vessels and transported via the bloodstream
[18,19]
could be responsible for eye involvement
. How
[52]
ever, Santeford et al
suggested a disturbance in
physiological macrophage-mediated autophagy as a
potential molecular link between systemic disease and
[55]
uveitis. Lin et al , in a large retrospective analysis,
suggested that a family history of IBD itself may
confer an independent, increased susceptibility to
the development of ocular inflammation, despite
the absence of bowel disease or of known genetic
susceptibility (HLA-B27).
The most common ocular manifestations related
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Table 1 Studies evaluating ocular manifestations in inflammatory bowel disease patients
Ref.
Karmiris et al[56] (2016)

Manser et al[57] (2016)

Bandyopadhyay et al[27]
(2015)

Isene et al[58] (2015)

Zippi et al[28] (2014)

Cloché et al[59] (2013)

Vavricka et al[22] (2011)

Country

Study design

Ocular exam sample

Ocular manifestation
frequency

Comment

Greece

Prospective
cohort

1860 (1001 CD; 859
UC)

55 (3%)

Ocular EIMs represented the third most
frequent group of EIM in the study
All patients with episcleritis suffered
from CD.
There were patients with anterior and
posterior uveitis

Switzerland

140 UC patients
with EIM or
complications
120 (62 CD; 58 UC)

India

Europe (Norway, Prospective
Denmark,
cohort
Netherlands,
Spain, Italy,
Greece, and
Israel)
Italy
Retrospective

France

Switzerland

Cury et al[60] (2010)

Brazil

Felekis et al[61] (2009)

Greece

Lanna et al[25] (2008)

Brazil

Yilmaz et al[35] (2007)

Turkey

WJG|www.wjgnet.com

Prospective
Cohort

Prospective
cohort

Prospective
cohort

1145 (364 CD; 781
UC)

811 (216 CD; 595
UC)

(45 CD; 10 UC): 31
Anterior uveitis (25 CD;
6 UC); 16 Episcleritis (16
CD); 7 Posterior uveitis
(3 DC; 4 UC); 1 Central
serous retinopathy (CD)
22 (15.7%) Uveitis

Investigated prevalence of uveitis in
patients with UC

16 (13%)
(8 CD; 8 UC): 7 Uveitis
(7 CD); 9 Episcleritis
(1 CD; 8 UC)

Authors describe two cases of scleritis
(2 CD) and one of endophthalmitis
(CD) that were not accounted as ocular
manifestations.
Authors consider a selection bias, as
most participants had severe intestinal
disease
12 (1.0%)
Authors concluded that familial IBD
10 (0.9%) Anterior uveitis;
does not predict increased risk of
2 (0.2%) Episcleritis
immune-mediated EIM, as smoking
does not seem to influence the risk

It is not informed if other ocular
manifestations have been investigated
in addition to uveitis.
74 IBD (no
1 (1.4%): Scleritis
A large number of patients were
underlying disease
receiving biological agents,
specification)
approximately 50%, that may treat
IBD and prevent ocular inflammation.
Authors do not define the underlying
IBD of the scleritis patient
950 (580 CD; 370
50 (5.3%)
Only uveitis was considered ocular
UC)
(36 CD; 14 UC): 50 Uveitis
EIM, and it was associated to active
CD, but no relation was found to UC
activity
88 (48 CD; 40 UC)
7 (6.25%)
The study used a control group of 24.
(no underlying
Considered also unspecific ocular
disease specification):
abnormalities, as cataract and
1 Conjunctivitis; 3
blepharitis
Blepharitis; 1 Episcleritis;
2 Uveitis; 2 Cataracts
60 (23 CD; 37 UC)
26 (43%)
The study used a control group of 276.
(12 CD; 14 UC): 13 Dry eye;
Authors conclude that ocular
8 Glucocorticoid-induced manifestations occur in UC patients as
cataract; 3 Iridociclitis;
frequently as in CD patients; however,
3 Retinal pigment
the results of the statistical analysis
epithelium disturbances; are not mentioned for any of the study
2 Episcleritis; 2 Serous
variables
retinal detachment;
1 Conjunctivitis; 1
Choroiditis; 1 Vasculitis; 1
Optic neuritis
96 (59 CD; 37 UC)
6 (6.2%)
It was not possible to analyze the
(4 CD; 2 UC): 4 Uveitis (2 association between the HLA-B27 and
bilateral; 2 CD; 2 UC); 1
ocular abnormalities because only 3
Scleritis (CD); 1 Episcleritis of the 6 patients had been tested for
(CD)
HLA-B27; all of them were negative for
this antigen
116 (20 CD; 96 UC)
28 (24.13%)
Study considered unspecific ocular
(12 CD; 22 UC): 10
abnormalities, as cataract and
Conjunctivitis; 8
blepharitis, which are very frequent in
Blepharitis; 6 Uveitis; 6
the general population
Cataracts; 4 Episcleritis

5839

26 Uveitis (3.2%)
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Mendoza et al[29] (2005)

Spain

Prospective
cohort

Ricart et al[47] (2004)

United States

Lakatos et al[2] (2003)

Hungary

Prospective
cohort

Christodoulou et al[62]
(2002)

Greece

Retrospective

566 (295 CD; 271
UC)

13 (2.3%)
In 2 patients the ophthalmologic clinical
(6 CD; 7 UC): 8 Uveitis
presentation preceded the diagnosis
(2 CD; 6 UC); 5 Episcleritis of IBD, but its frequency is probably
(4 CD; 1 UC)
undervalued considering the high
prevalence of asymptomatic uveitis
243 IBD [47 familial
Familial IBD: 3
Significant association between EIM
IBD (25 CD; 22 UC);
(2 CD; 1 UC)
and disease status (familial vs sporadic)
196 sporadic IBD
Sporadic IBD: 10
was not detected. This suggests that
(114 CD; 82 UC)]
(7 CD; 3 UC)
susceptibility genes for the development
Authors don't specify
of IBD and the susceptibility genes for
which ocular EIM was
the development of EIM are different
found
873 (254 CD; 619
28 (3.2%)
The prevalence was more frequent in
UC)
(8 CD; 20 UC): 13
women in both UC and CD. In UC more
Conjunctivitis (4 CD; 9
than half of the patients with ocular
UC), 10 Anterior uveitis
complication had pancolitis
(4 CD; 6 UC); 5 Scleritis
(1 CD; 4 UC); 1 Orbital
pseudotumor
(female UC patient)
248 (37 CD; 215 UC)
4 (1.61%)
Evaluated only iridocyclitis as ocular
(1 CD; 3 UC): 4
EIM
Iridocyclitis

CD: Crohn’s disease; EIM: Extraintestinal manifestation; IBD: Inflammatory bowel disease; UC: Ulcerative colitis.

Episcleritis

have been coincidental and not related to IBD, such as
dry eye and blepharitis. According to the methodology,
individuals with ocular symptoms were excluded
from the control group, and half of the sample of IBD
patients was selected during hospitalization (severe
disease activity), suggesting selection bias. Even so,
the article presents some ocular findings that are
infrequent in the literature, because the subjects
underwent complementary fundus examinations with
fluorescein angiography, increasing the importance of
the study.
[25]
Lanna et al
performed eye examinations in 96
of 130 IBD patients. Six patients (four with CD, two
with UC) presented ocular manifestations. Uveitis was
diagnosed in four patients, anterior nodular scleritis in
a woman with CD, and episcleritis in a man with CD
with recurrent peripheral arthritis and psoriasis. One of
the two men with anterior uveitis also had ankylosing
spondylitis.
[35]
[60]
Yilmaz et al
and Cury et al
considered all
ocular findings as EIMs, including conjunctivitis, ble
pharitis, and cataracts. Some entities have a high
prevalence in the general population, regardless of the
presence of intestinal disease, what can be considered
a confounding factor in the analysis. It is difficult to
establish any relationship between these occurrences
and IBD because they may be related to other factors,
such as age and other underlying factors.
[60]
Cury et al
described a correlation between dry
eye and the use of 5-aminosalicylates in IBD patients.
Apparently, dry eye disease may be associated with IBD
and also may be related to its treatment. Blepharitis
was less common in IBD patients than controls (3%
[60]
vs 33%) , suggesting a protective action of the drug
used in IBD treatment.

WJG|www.wjgnet.com

Episcleritis is a benign inflammation of the episclera,
the thin blood-rich layer of tissue that covers the
sclera. It is the most common ocular manifestation and
causes moderate discomfort, acute redness in one or
[34]
both eyes , and diffuse or localized episcleral edema,
[40]
particularly surrounding the episcleral vessels . Its
classification as nodular or diffuse does not affect the
[62-64]
prognosis
.
Episcleritis seems to be more associated with
IBD activity when compared with other ocular EIMs.
It appears during flares of IBD, and its resolution
occurs with effective treatment of the intestinal
[20,32,41,46,54]
disease
. It is usually recurrent and can spread
[40,43]
to the sclera, causing scleritis
. To an untrained
observer and without a slit lamp examination, it is not
[65]
easy to distinguish the two entities . Differentiation
from conjunctivitis, which is a frequent condition in
the general population and may occur coincidently in
[43,66,67]
patients with IBD, may also be difficult
.
The differential diagnosis between episcleritis,
uveitis, and scleritis is based on the absence of mo
derate-to-severe eye pain, photophobia, blurring, and
[33]
low vision in the former . Episcleral injection blanches
with topical application of phenylephrine and softens
[66]
with palpation . As a benign condition, specific treat
ment is not always necessary; however, cool com
presses, lubricant eye drops, topical non-steroidal antiinflammatory drugs, and topical corticosteroids are
[20,33,34,54,66]
occasionally required
. Figure 1 illustrates
diffuse episcleritis.

Scleritis

Scleritis is an inflammation of the sclera, the opaque
and protective outer layer of the eye, that causes
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A

B

C

Figure 1 Diffuse episcleritis. A: Superior view; B: Episcleral injection at slit lamp exam; C: Inferior view. Personal archive.

but they should be used with great caution in active
[68]
IBD . Systemic steroids or immunosuppressants
may be necessary in severe cases, and control of
the underlying bowel disease is important to prevent
[34,68]
recurrence
. To avoid side effects of long-standing
corticosteroids use, immunosuppressive therapy is
[40]
required , which will be discussed regarding uveitis
treatment.

Table 2 Uveitis classification
SUN classification

Primary site of
inflammation

Manifestation

Anterior uveitis

Anterior chamber

Intermediate
uveitis
Posterior uveitis

Vitreous

Iritis, iridocyclitis, anterior
cyclitis
Pars planitis, posterior cyclitis,
hyalitis
Focal, multifocal or diffuse
choroiditis, chorioretinitis,
retinochoroiditis, retinitis,
neuroretinitis

Panuveitis

Retina or choroid

Uveitis

Uveitis is the third leading cause of irreversible blind
[37,52,69]
ness in developed countries
. It is defined as
inflammation of the uveal tract, the middle layer
of the eye, which includes the iris, ciliary body, and
[70]
choroid . It is classified according to the primary site
of inflammation as anterior, intermediate, posterior, or
[70]
panuveitis (Table 2).
Uveitis is characterized by vascular dilation,
leading to conjunctival injection, aqueous flare related
to increased vascular permeability, and aqueous
[69]
and vitreous inflammatory cells . Uveitis can be
[38,71]
[72,73]
idiopathic
, drug-related
, or systemic disease[37,38,74]
related
; in approximately 50% of cases, an
[38]
underlying disease can be identified . Anterior uveitis
is the most common pattern, related to seronegative
[40,55,74]
spondyloarthropathies
. Figure 4 shows the
clinical signs of anterior uveitis.
In IBD patients, anterior uveitis has an insidious
[25,33,46,75]
onset, it is longstanding and bilateral
, and not
[32,54,68,76]
related to the intestinal disease activity
. In
[22]
contrast, Vavricka et al , after prospectively evalua
ting a large sample of IBD patients, demonstrated an
association between uveitis and CD activity, but not
with UC.
A clinical overlap of anterior uveitis, dermatologic
[43]
manifestations (erythema nodosum) , and musculos
[18,75,77]
keletal symptoms (arthritis and sacroileitis)
in
CD was reported. It was proposed that a common
antigen (an isoform of tropomyosin) in the nonpigmented ciliary epithelium of the eye, the keratino
cytes, chondrocytes and the gut triggered an autoi
[22,23]
mmune reaction
. Thus, in IBD patients with eye
complaints and others EIMs, the presence of uveitis

Anterior chamber,
vitreous, and retina
or choroid

Adapted from Standardization of Uveitis Nomenclature Working Group[70].
SUN: Standardization of Uveitis Nomenclature Working Group.

ocular pain, which radiates to the face and scalp.
Characteristically, it worsens at night, and is associated
[34,40]
with ocular hyperemia and visual loss
. It can
present with a deep scleral injection that does not
[66]
blanch with phenylephrine .
Scleritis and intermediate or posterior uveitis are
much rarer than episcleritis and anterior uveitis in
IBD, occurring in less than 1% of cases, but should
be evaluated with caution because, if left untreated,
[33]
it may progress to permanent visual loss . Scleritis
classification is important because it is related to
[63]
severity and prognosis. Watson and Hayreh classified
scleritis as anterior (diffuse, nodular, or necrotizing, with
or without inflammation) and posterior. Involvement
of the anterior part of the sclera is more common
and posterior scleritis is not associated with ocular
hyperemia. A modified classification of scleritis was
[64]
proposed by Watson et al
(Figure 2) in accordance
with location (anterior or posterior), and clinical
presentation (diffuse, nodular, or necrotizing). The
necrotizing anterior scleritis was classified according
to its etiology, as vaso-occlusive, granulomatous,
surgically induced, and scleromalacia perforans. Figure
3 illustrates the different types of scleritis.
Systemic treatment is necessary in all cases,
usually with oral non-steroidal anti-inflammatory drugs

WJG|www.wjgnet.com
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Diffuse

Anterior

Vaso-occlusive

Nodular

Granulomatous

Necrotizing

Surgically induced

Diffuse

Scleromalacia
perforans

Scleritis

Posterior

Nodular

Necrotizing

Figure 2 Classification of scleritis[64].

A

B

C

D

Figure 3 Clinical presentation of scleritis. A: Anterior diffuse scleritis (personal archive); B: Anterior nodular scleritis (personal archive). The differential diagnosis
is based on the presence of a sclera nodule (arrow); C: Anterior necrotizing scleritis, showing the avascular area of necrosis (arrow) (personal archive); D: Anterior
necrotizing surgically-induced scleritis, induced by scleral biopsy (courtesy of Prof. Andre Curi).
[34,68]

must be considered
. Because uveitis has a
variable chronicity and severity, it may be complicated,
according to its primary site of inflammation, by
cataracts, glaucoma, band keratopathy, hyphema,
vitreous hemorrhage, cystoid macular edema, retinal
detachment, retinal ischemia, optic atrophy, chronic
[69]
eye pain and blindness .

and topical cycloplegics, to prevent ciliary body
and pupillary spasms related to ocular pain. Also,
cycloplegics prevent posterior synechiae because they
dilate the pupil and stabilize the blood-aqueous barrier,
[33,34,68]
avoiding protein leakage (flare)
. According
to the gravity of uveitis, periocular corticosteroid
injections or systemic corticosteroids may also be
[37,53]
necessary
. Uveitis with a chronic course requires
immunosuppressive therapy to spare the prolonged
[38,53]
use of corticosteroids and their side effects
.
However, the choice of immunosuppressive therapy
requires a multidisciplinary decision, especially if there

Treatment

Prompt treatment can avoid complications and visual
[38,40,76]
impairment
. Treatment of anterior uveitis is
based on topical steroids, to reduce inflammation,
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A

B

Figure 4 Anterior uveitis. A: Slit lamp exam revealed posterior synechiae (red arrow) and pigment deposits on the anterior lens capsule (blue arrow) (personal
archive); B: Inflammatory cells in the anterior chamber of the eye causing hypopyon (arrow) (personal archive).
[20]

is another associated EIM .
[24,32,41]
Cyclosporine, a T-cell inhibitor
, thiopurines
[33,41,66,78]
[33,41,79]
(antimetabolites)
, methotrexate
,
[68,80]
sulfasalazine (5-ASA derivate)
, and biological antitumor necrosis factor (TNF) agents (mainly infliximab
[33,81]
and adalimumab)
are effective in treating both
the IBD and the inflammatory IBD-related ocular
[6,34,44,53,82-85]
impairment
. Although vedolizumab and
certolizumab pegol have been introduced more
[8,82,83]
recently in the therapy of CD
, their efficacy in
ocular inflammation is unknown. Despite the fact
that the anti-metabolite mycophenolate can be used
[68,78,86,87]
to treat uveitis
, it is not indicated as an IBD
[81]
treatment .
Patient awareness of EIMs is important in im
proving patient understanding of their disease and
[88]
health outcomes . It also increases the likelihood of
early diagnosis, contributing to success of the applied
treatment.

short-term use, which may lead to irritation of the
[67]
conjunctiva, cornea, and eyelids .
Uveitis has been associated with the use of
biological anti-TNF drugs. It has been described in
association with etanercept, infliximab, adalimumab,
[72,73]
and rifabutin
. Inflammation declines with drug
withdrawal, which is recommended, and the use of
topical corticosteroids may be necessary to complete
[38,72]
the remission of the inflammatory condition
.
Furthermore, neurological side effects from drug
therapy can cause visual impairment without directly
[126]
affecting the eyes .
[48]
Katsanos et al
performed a review of orbital
and optic nerve involvement in IBD. It was found
that optic nerve impairment can occur as a result of
damage of the optic nerve tissue per se, as a result
of inflammation and/or ischemia, due to intracranial
hypertension, and secondary to anti-TNF agents. In
some cases, it was difficult to determine the exact
cause of ocular involvement in IBD.
After bowel resection in the IBD context, short
bowel and malabsorption syndromes can lead to
vitamin A deficiency, which may result in night blind
[127,128]
ness (nyctalopia) and keratoconjunctivitis sicca
.
Vomiting and unilateral painful red eye lead to a
[67]
suspicion of acute angle closure glaucoma , a threa
tening ophthalmological urgency that has not been
described in IBD but which may confound the clinician.
Finally, an association between the use of latano
prost eye drops for glaucoma treatment and IBD
[129]
relapse has been reported . It was concluded that the
systemic absorption of the prostaglandin analog could
have caused an increase in intestinal inflammation in
IBD patients.

Other ophthalmic manifestations

Other ophthalmic manifestations have been described
in relation to IBD. Table 3 presents observational case
reports, interventional case reports, and case series
describing other ocular disorders in IBD patients.
Some of these manifestations can be debilitating if not
recognized and treated at an early stage.

Ocular complications

Ocular impairment may be related to IBD, drug
therapy or to other factors, such as age, genetics
[34,38]
and other concomitant diseases
. Cataracts and
open-angle glaucoma are complications of longstanding ocular inflammation or the prolonged use of
[34,37,41,43]
corticosteroids
. Some ocular manifestations
have been related to drugs used in the treatment of
[121]
IBD, such as corneal immune infiltrates
and diffuse
[122]
retinopathy
related to adalimumab, anterior optic
[123]
[124,125]
neuropathy
and retinal vein thrombosis
developing after infliximab, and cyclosporine, used
[66]
in CD, causing rare optic neuropathy . Levels of
methotrexate in tears approximate serum levels after
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CONCLUSION
Physicians must remember that ocular involvement is
more prevalent in CD and in active IBD, primarily in the
presence of others EIMs. The ophthalmic symptoms
in IBD are mainly non-specific and their relevance
may not be recognized by the clinician. Moreover,
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drugs may cause ocular adverse effects. It is important
to remember that most ophthalmic manifestations are
treatable without sequel if recognized promptly.
Ophthalmologists must consider that ophthalmic
manifestations of IBD may precede the systemic
disease, and systematic anamnesis must be done
in chronic uveitis of unknown etiology. Patients with
chronic or recurrent use of systemic corticosteroids
should be warned of the risk of cataracts and glaucoma.
A collaborative clinical care team for management
of IBD that includes ophthalmologists is central for
improvement of the quality care for these patients, and
is also cost-effective.

Table 3 Case reports and case series of other ocular
manifestations associated with inflammatory bowel disease
Ref.
Hwang et al[89] (2001)
Mochizuki et al[90] (2010)
Boukouvala et al[91] (2012)
Jakobiec et al[92] (2014)
Ruiz Serrato et al[15] (2013)
Diaz-Valle et al[93] (2004)
Leibovitch et al[94] (2005)

Country

Ocular impairment

IBD

Canada
Japan
United
Kingdom
United States
Spain
Spain
Australia

Dacryoadenitis

CD
UC
CD

2 CD
Palpebral ptosis
CD
Lid margin ulcers
CD
PyodermatitisUC
pyostomatitis
vegetans of eyelids
Garrity et al[95] (2004)
United States
Orbital myositis
2 CD
Verma et al[96] (2013)
Canada
CD
Foroozan et al[97] (2003)
United States Ocular miasthenia UC
graves
Pham et al[31] (2011)
United States
Peripheral
3 CD
ulcerative keratitis
Roszkowska et al[98] (2013)
Italy
Salzmann
CD
nodular corneal
degeneration
Zullow et al[99] (2017)
United States
Central serous
UC
Geyshis et al[100] (2013)
Israel
chorioretinopathy UC
Assadsangabi et al[101] (2010)
United
CD
Kingdom
Ugarte et al[102] (2002)
United
Serpiginous
CD
Kingdom
chorioretinopathy
Casalino et al[103] (2014)
Italy
Choroidal
CD
Thomas et al[104] (2014)
United States neovascularization CD
Unal et al[105] (2008)
Turkey
CD
Saatci et al[106] (2002)
Turkey
Retinal vasculitis
CD
Larsson et al[107] (2000)
Sweden
Retinal vein
1 CD,
occlusion
1 UC
Buchman et al[108] (2006)
United States
UC
Unal et al[105] (2008)
Turkey
CD
Yamane et al[109] (2007)
Brazil
CD
Vayalambrone et al[110] (2011)
United
UC
Kingdom
Falavarjani et al[111] (2012)
Iran
Retinal artery
CD
Abdul-Rahman et al[112] (2010) New Zealand
CD
occlusion
Saatci et al[106] (2002)
Turkey
CD
Siqueira et al[113] (2016)
Brazil
CD
Saatci et al[106] (2002)
Turkey
Retinal
CD
neovascularization
Fuentes-Páez et al[114] (2007)
Spain
Subretinal fibrosis UC
and uveitis
syndrome
Munk et al[115] (2016)
United States
Acute macular
UC
neuroretinopathy
McClelland et al[116] (2012)
United States Optic perineuritis
CD
Felekis et al[117] (2010)
Greece
Anterior ischemic
CD
optic neuropathy
Mason et al[118] (2002)
United States
Macular edema
CD
De Franceschi et al[119] (2000)
Italy
Dystrophy of the
CD
retinal pigment
epithelium
Villain et al[120] (2002)
France
Pseudotumor
CD
cerebri
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Acute appendicitis (AA) develops in a progressive
and irreversible manner, even if the clinical course
of AA can be temporarily modified by intentional
medications. Reliable and real-time diagnosis of AA
can be made based on findings of the white blood cell
count and enhanced computed tomography. Emergent
laparoscopic appendectomy (LA) is considered as
the first therapeutic choice for AA. Interval/delayed
appendectomy at 6-12 wk after disease onset is
considered as unsafe with a high recurrent rate during
the waiting time. However, this technique may have
some advantages for avoiding unnecessary extended
resection in patients with an appendiceal mass. Nonoperative management of AA may be tolerated only
in children. Postoperative complications increase
according to the patient’s factors, and temporal
avoidance of emergent general anesthesia may be
beneficial for high-risk patients. The surgeon’s skill and
cooperation of the hospital are important for successful
LA. Delaying appendectomy for less than 24 h from
diagnosis is safe. Additionally, a semi-elective manner
(i.e. , LA within 24 h after onset of symptoms) may
be paradoxically acceptable, according to the factors
of the patient, physician, and institution. Prompt
LA is mandatory for AA. Fortunately, the Japanese
government uses a universal health insurance system,
which covers LA.
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appendectomy has some advantages only for treat
[12,14]
ment of appendiceal mass
.
We review major controversy in management of AA
based on previous studies, and discuss what practice is
the best option for patients with AA.

Core tip: Acute appendicitis develops in a progressive
and irreversible manner, and emergent laparoscopic
appendectomy (LA) is mandatory. The Japanese
government uses a universal health insurance system.
Any physician and institution can routinely perform
expensive emergent LA in Japan, in accordance with
medical ethics. Unsafe, but cost-effective, treatments
such as interval/delayed appendectomy and con
servative management only are unsuitable in Japan.
Time-honored practices, (i.e. , emergent LA) should be
respected in Japan.

PATHOPHYSIOLOGY
The exact mechanism of AA is still unclear, but is
believed to be multifactorial. Inadequate dietary
fiber, familial factors, and luminal obstruction from
fecalith impaction or lymphoid hyperplasia, and other
processes, such as parasitic infestation, may be
[19-22]
involved
. Luminal obstruction by external (i.e.,
lymphoid hyperplasia) or internal (i.e., inspissated
fecal material and appendicoliths) compression plays
[3]
a major pathophysiological role . This subsequently
leads to increased mucus production, bacterial over
growth, viral infection, and stasis, which increase
[3,19-24]
appendiceal wall tension
. Consequently, blood and
lymph ﬂow is diminished, and necrosis and perforation
[3]
follow . Because these events occur over time, only
an early surgical approach might prevent progression
[3,4]
of disease . The immunological orchestra around the
ileocecal portion is well developed and complicated, and
[25-28]
the appendix has its own immunological features
.
Many major immunological and cellular functionassociated gene sets involved in the protective effect
of AA followed by appendectomy in experimental colitis
[25]
have been identified .
Once disease is triggered, AA develops in a
[3,4,29]
progressive and irreversible manner
. Even a
histologically normal appendix clearly shows evidence
of inflammatory responses against AA, as shown by
[29]
cytokine production/expression .
An appendiceal mass (tumor formation after
perforating AA) is the end result of a walled-off
[2,16]
appendiceal perforation
. Pathologically, this mass
[16]
may range from phlegmon to abscess . A puscontaining mass is an inflammatory tumor consisting
of an inflamed appendix, its adjacent viscera, and the
[16]
greater omentum .
In AA, tumor necrosis factor-α is at the top of the
[29,30]
pathway
, and interferon-γ and interleukin-6 play
[30,31]
an important role
. Fas-mediated induction of
apoptosis is a major factor in selection of lymphocytes
and downregulation of immunological processes,
and endothelial Fas-ligand expression is elevated in
[26]
AA . AA develops in a progressive and irreversible
[2,16]
pathway
, even if the clinical course of AA can be
[32]
temporarily modified by intentional medications .

Hori T, Machimoto T, Kadokawa Y, Hata T, Ito T, Kato S,
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INTRODUCTION
[1,2]

Acute appendicitis (AA) is a clinical diagnosis . The
first appendectomy was performed in New York in
[1]
1886 , and thereafter, appendectomy was considered
[2-4]
the most common emergency surgery
. Prompt
appendectomy has long been the standard of care
for AA because of the risk of progression to advanced
[3]
pathophysiology .
Currently, laparoscopic appendectomy (LA) is
[1,3]
available as the first therapeutic choice for AA .
However, surgeons on call when a patient is admitted is
an important factor for determining whether a patient
can receive an advantageous LA or conventional open
[5]
surgery . Additionally, a poor clinical course in a
hospital with an unfavorable combination for emergent
[3,6]
laparoscopic surgery is a critical matter . In brief,
factors of hospitals and physicians affect the severity
[3,5-7]
of AA
.
A 24-h surgical shift in a quadratic/tertiary care
[8]
hospital is stressful for surgeons . Emergent surgeries
during overtime service and off-days result in higher
[9,10]
rates of morbidity and mortality
. However, AA
indicates a surgical emergency.
AA may be managed in an elective manner once
[2,11-14]
antibiotic therapy is initiated
. Initial non-operative
management followed by interval and/or delayed
appendectomy for AA has been challenged, especially
[3]
in pediatric patients . However, the necessity and
validity of an interval/delayed appendectomy is
[2,3,11-18]
still controversial in adult patients
, though
some researchers believed that interval/delayed
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DIAGNOSTIC VALUE
[33]

Physical findings of AA are well established . Many
researchers, such as Charles McBurney, Niels Thorkild
Rovsing, Jacob Moritz Blumberg, Otto Lanz, Frederic
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[3,4]

Treves, and others were involved in the initial study
[1,34]
of AA
. Most patients present early in the disease
[2]
process , although, in 2%-6% of patients, diagnosis
is made when an appendiceal mass is discovered on
[16,35]
preoperative imaging
. Young female patients have
the highest risk of being falsely diagnosed with AA and
[36]
thus have unnecessary surgery .
Computed tomography (CT) is more reliable
[37,38]
for diagnosis than an ultrasound examination
,
and enhanced CT should be routinely performed for
[39]
suspected appendicitis . Enhanced CT scans have
become the main diagnostic tool for patients with
[39]
AA and have a high sensitivity and speciﬁcity .
Briefly, enhanced CT is a powerful tool for a strict
diagnosis and assessment of the degree of infla
[15,36,37,39-42]
mmation
, and enhanced CT is superior to
[36,37,39,40]
a physician’s clinical examination
. A helical
CT image study should be performed with contrast
[37,43]
enhancement, even with lower doses
. Routine
CT for suspected appendicitis improves patients’ care,
shortens the duration to surgery, and reduces the use
[39]
of hospital resources and overall admission costs .
Laboratory data show that serum levels of the
white blood cell (WBC), C-reactive protein (CRP), and
[44-46]
interleukin-6 are related to AA
. The most reliable
marker is neither the neutrophil count nor CRP, but the
[1,44]
WBC count
.
The WBC count and CT findings equally provide
surgeons with complementary information in discerning
[36,44,47]
the necessity for an urgent operation
. With
development of WBC measurement and enhanced
CT imaging, the rate of negative appendectomy has
[1,36,40,48]
decreased to as low as < 5%
.

time . However, there is the minority opinion that
the duration from surgical admission to induction of
anesthesia is not predictive in regression models for
[71]
overall morbidity or serious morbidity/mortality .
Interval/delayed appendectomy is considered as
[3]
unsafe , although the term of “interval appendec
tomy” can be used only in case of appendiceal mass
and performed after 6-12 wk of the beginning of
[1,12,14]
disease
. Any delays in seeking medical help results
in difficulty in controlling AA, and prompt appendectomy
[3,4]
is mandatory . Interval/delayed appendectomy may
not increase the risk of perforation and moderate/severe
[1,71,72]
complications
, but is significantly associated
with an increased risk of surgical site infection (SSI)
in patients with nonperforated appendicitis and
[71,73]
prolongation of the hospital stay
. Prompt surgical
intervention is warranted to avoid additional morbidity
[73]
in this population .
Transferred patients are less likely to be ruptured,
[72]
primarily because they present earlier . Morbidity
is not increased in patients who have appendectomy
[1]
that is delayed for up to 24 h . Delaying an appen
dectomy for longer than 6 hours, but less than 24
h, from diagnosis is safe and does not lead to worse
[74]
outcomes . This can help limit disruption to the
[74]
schedules of the surgeon and the operating room .
Paradoxically, AA that is approached in a semielective manner (i.e., LA within 24 h after symptom
onset) may be acceptable, according to the factors of
[1,3,5-7,74]
physicians and hospitals
.
A physician’s delay in avoiding negative appen
[7]
dectomy does not affect the stage of disease . A
surgeon’s decision to observe patients in hospital
[7]
to clarify the diagnosis is justified , as it does not
[7]
adversely affect the outcome .

HISTORY OF LA
[49]

LA was reported in 1983 . Thereafter, some ad
vantages of LA, such as less pain, fine cosmetics,
shorter hospital stay, faster recovery, less wound
infection, and lower cost, compared with conventional
[50-63]
open surgery were shown from the 1990s
.
Postoperative complications are also lower in LA
[56,64-66]
than in conventional open surgery
. Therefore,
LA has spread to become the standard surgery
[1,15,50,62,65-67]
worldwide
. Although the operative time,
[50-52,55]
including buried sutures, may be longer in LA
,
there are no significant differences in the rate of severe
morbidity/mortality between open and laparoscopic
[68]
appendectomies . Currently, natural orifice trans
luminal endoscopic surgery is also considered as safe
[69,70]
and feasible
.

SURGICAL PROCEDURES
Actual procedures of LA are shown in detail in Figures
1-3. Gastric and bladder catheters are placed only
during surgeries for decompression to avoid unexpected
[1]
injuries .
Stump appendicitis is a critical result of an
[75]
incomplete surgery , and management of the base
of the appendix during LA is important. Surgeons need
to decide the best management of the base of the
appendix; choices include a clip, ligate, or staple. A
flexible endostaple has some advantages in application
of LA for day surgery and extended resection to the
[76-79]
cecum
. However, an endostaple (Tri-staple camel
45 mm and iDrive; Medtronic, Minneapolis, MN, United
States) may be excessive in quality and have a higher
cost than a ligation tool (Endoloop; Ethicon, Cincinnati,
[80]
OH, United States) or clip closure . If there is any
concern about the stump, a couple of interrupted
seromuscular sutures can be added, although the
[80]
suture technique is technically demanding .

DURATION TO SURGERY
Many physicians have an interest in the duration from
onset of symptoms to surgery. In adult patients with
AA, the risk of developing advanced pathophysiology
and postoperative complications increases with
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Terminal ileum

5 mm

Flexible laparoscope

D

Cecum
Ileocecal valve

10 mm
Flexible
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Inferior epigastric vessels
Lateral umbilical fold

E

Colic teniae
Ileocecal valve
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Terminal
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Terminal ileum

Lateral umbilical fold
Inferior epigastric vessels

Forceps (3 mm)

Figure 1 Port placement and laparoscopic view. A-C: If the left lateral port is set for laparoscope, a wider angle of working forceps can be made. However, a stab
scar of 5 mm remains visible; D-F: Port placements for LA using an endostaple with the best cosmesis are shown. LA: Laparoscopic appendectomy.

A

B

Central umbilical fold

5 mm

Port (5 mm)

Bladder
10 mm

The dome of bladder

3 mm
Suprapubic line
Lateral umbilical fold

Underwear line

Catheter

Inferior epigastric vessels

C

D

Appendix tip

Abdominal wall
Forceps (3 mm)

Mesoappendix

Port (3 mm)

Abdominal wall

Cecum

Sigmoid colon
Lateral umbilical fold

Terminal ileum

Figure 2 Major techniques during laparoscopic appendectomy. A: A suprapubic port (5 mm) for a flexible laparoscope is placed within the area of pubic hair
(dotted blue line) to hide the postoperative stab scar. A left lateral port (3 mm) is placed as low as possible, to enable an adequate angle for the working forceps and
to hide the postoperative stab scar by underwear; B: The bladder wall (red arrows), the dome of the bladder (dotted blue line), and the central umbilical fold should be
recognized. Although the suprapubic peritoneum easily extends during port insertion, a suprapubic port should be placed without bladder injury; C: Any injury of the left
inferior epigastric vessels should be avoided; D: Countertraction of the mesoappendix (red arrow) should be made without obstruction of the abdominal wall. Gripping
and rotating forces of 3-mm forceps are sufficient. The appendix can be shortened in a rolled-in fashion (blue arrow) to avoid any disturbance by the abdominal wall.

WJG|www.wjgnet.com

5852

August 28, 2017|Volume 23|Issue 32|

Hori T et al . Laparoscopic appendectomy for acute appendicitis

A
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Mesoappendix
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Appendiceal root
Ileocecal valve

Appendix

Forceps (3 mm)
Appendiceal artery
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Figure 3 Key techniques during laparoscopic appendectomy. A: Appendiceal vessels should be clearly dissected and be sealed without a clip for subsequent
use of an endostaple; B: Total resection of the appendiceal root should be made (red solid arrow). A flexible endostaple has an advantage in extended resection to the
cecum (red dotted arrow); C: The ileocecal valve should be recognized before an endostaple is placed (red arrow). Any involvement of this valve should be avoided;
D: The externally-inverted staple line should be carefully checked. If there is any concern about a stump, a couple of interrupted seromuscular sutures can be added.
Unrelated and spilled staples (blue arrow) should be removed.

PERITONEAL LAVAGE IN PERFORATING
AA

advantage of a lower rate of SSI, even in complicated
[82,91-93]
appendicitis
.

Surgeons should be aware of a potentially higher
incidence of intraabdominal abscess formation fo
[68,81,82]
llowing LA
. Use of endobags (Rüsch MemoBag;
Teleflex, Wayne, PA, United States), inversion of the
appendiceal stump, and carefully conducted local
irrigation of the abdomen in the supine position may
[81]
reduce the incidence of abscess formation . Peritoneal
lavage during surgery is an effective, safe, and simple
[83]
treatment for generalized peritonitis . Irrigation of
the abdominal cavity with more than 10 L of saline
[84,85]
should be performed
, and a cut-off level of saline
volume to prevent intraabdominal abscess formation
[83]
after surgery is 12 L . Do not hesitate to place a
drain. A drain pathway through the abdominal wall is
adequately made at the right abdomen, to prevent a
drain dislocation.

STABILITY OF RESIDENTS ON LA
Video game playing, such as Nintendo Wii (Nintendo
Co., Ltd., Kyoto, Japan) and Playstation 2 (Sony
[94-101]
Interactive Entertainment Inc., Tokyo, Japan)
,
and laparoscopic performance skill are well associated.
Therefore, the younger generation may be suitable for
[94-101]
performing laparoscopic surgery
. LA performed by
residents under the guidance of a staff surgeon is safe
[102,103]
and feasible
. Operative time and postoperative
complications can be reduced with increasing
[104]
experience of a resident . Incidental appendectomy
during conventional open surgery is also important to
[105]
educate young surgeons .

INTERVAL/DELAYED APPENDECTOMY
AND RECURRENCE DURING THE
WAITING TIME

COSMESIS
Primary closure is currently accepted, even in com
[86-88]
plicated appendicitis with a dirty abdominal wound
.
However, delayed closure, which can occur several
days after surgery, can lead to a decrease in SSI, a
[89,90]
shorter hospital stay, and lower cost
. LA has an
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Some physicians consider that management of AA
[2,42]
remains controversial
. An appendiceal mass is a
[2,16]
misery form of perforated AA
. Initial conservative
management of an appendiceal mass was first
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[106]

[13,17,107,120,128,129]

advocated in 1901 as a solution
. Interval/delayed
appendectomy is performed electively after initial non[2,11-14]
operative management
, but has been questioned
[2,11-18,107,108]
by a growing amount of evidence
.
The recurrence rate of AA during the waiting time for
[13-15,109-114]
interval/delayed appendectomy is 6%-37%
,
and the complication rate of surgery for recurrent AA
[11,107,109,115-117]
is also not low (3%-23%)
. Advocates
of interval/delayed appendectomy believe that the
recurrence of AA is low, even though the actual rate
[3,13-15,109-114]
is high, during the waiting period
. Interval/
delayed appendectomy is routinely performed at 6-12
wk, mainly because of fear of recurrent appendicitis
or because of concerns about the presence of malig
[12,14,118,119]
nancy
.
Especially in a phlegmon or appendiceal mass,
interval/delayed appendectomy may have some
advantages. These advantages include providing a
definite diagnosis, to rule out any underlying mas
querading malignancy and to avoid an unnecessary
[12,14,108,118-121]
extended resection
.

interval/delayed appendectomy
. Routine
interval/delayed appendectomy benefits less than
[14]
20% of patients . The majority of recurrence occurs
[14,109-112]
in the first 6 mo
, but the rate decreases to
[107,112,118]
approximately 2% at 1 year
. Importantly, AA
[2,16]
develops in a progressive and irreversible pathway
,
even if the clinical course of AA can be temporarily
[32]
modified by intentional antibiotics . The length of
hospital stay and postoperative complications increase
[3]
with advanced pathology during antibiotic treatment .
A gradual, adapted antibiotherapy in non-operative
management of an appendiceal abscess and mass is
[130]
effective
. There is no relevant predictive factor of
[130]
failure of first-line antibiotics
. Monotherapy with a
second-generation, broad-spectrum cephalosporin,
such as cefotetan, administered twice a day, is an
[38]
economical and effective adjunctive regimen . A
[15]
third-generation cephalosporin can be used , but is
[131]
not recommended yet .

SPECIFIC SITUATIONS
Some situations of patients are especially listed in
surgical indications, such as older people, pregnancy,
[1,48,129]
and negative appendectomy
. Although LA in
pregnant women has been already reported, fetal
loss and negative appendectomy should be avoided
[132,133]
in this population
. The available low-grade
evidence suggests that LA in pregnant women is
[132,134]
associated with a greater risk of fetal loss
.
Appendectomy and early appendicitis are associated
[135]
with increased pregnancy rates
. Young women
with early appendicitis have better pregnancy rates
than those with advanced appendicitis. Early referral
[135]
for laparoscopy and appendectomy is advocated
.
[136,137]
Appendiceal tumors may be incidentally detected
.

POSTOPERATIVE COMPLICATIONS
This review shows that the severity of pathophysiology
and the complication rate in adult patients with AA are
[3]
time-dependent , and thus suggests that delaying
[3,4]
appendectomy is unsafe .
[3,76]
Mortality due to AA is difficult to observe
, and
[76]
the mortality rate after appendectomy is nearly zero .
However, the rates of morbidity and mortality are clearly
increased in older patients, male patients, and patients
with steroid use, baseline disease, active pneumonitis,
[3,56,122]
and a bleeding tendency
. Perioperative in
jection of antibiotics should be considered to reduce
[1,123,124]
complications, including SSI
. Postoperative
complications are also lower in LA than in conventional
[56,64,65]
open surgery
.

REASONABLE COST
[57]

The cost effectiveness of LA has been reported .
Non-operative management without LA is the least
[138]
costly
. Non-operative management has a cost
advantage over routine interval appendectomy after
[2]
initial successful conservative management .
Despite liberal use of disposable equipment, LA can
still be performed within the confines of the national
[139]
tariffs . There is considerable variation in the cost of
this procedure, and it may be possible to reduce costs
by more stringent use of disposable equipment and
[139]
standardizing recovery protocols .

CONSERVATIVE TREATMENT ALONE
Notably, non-operative management has a cost
advantage over routine interval/delayed appendectomy
[2]
after initial successful conservative management .
Patients who recover from conservative treatment of
an appendiceal mass should undergo colonoscopy or
barium enema to detect any underlying diseases and
[12,14,108,118-121]
to rule out coexistent colorectal cancer
.
Laparoscopic surgery by experienced surgeons is
a safe and feasible first-line treatment for appendiceal
[32,67]
abscess
. Additionally, laparoscopic surgery
is associated with fewer readmissions and fewer
additional interventions than conservative treatment
[67]
with a comparable hospital stay . However, nonoperative management is well tolerated and efficacious
[125-127]
in select populations, especially in children
. Some
patients who initially receive conservative treatments
[13,17,107,120,128]
do not require surgical intervention
, and
AA should no longer be regarded as an indication for
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DISCUSSION
Clinically, many surgeons believe that LA is an appro
[76]
priate treatment . However, LA requires general
anesthesia, although LA under combined spinal-epidural
[140,141]
or local anesthesia is currently being attempted
.
LA in a semi-elective manner (within 24 h after
onset of symptoms) may be beneficial for avoiding
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uncomfortable situations for anesthetic induction, such
[142,143]
as a full stomach and dehydration
. However, even
in a high-volume center, unfavorable combinations,
such as low activity of the operation room during night
[6]
time, affects the clinical course of AA . Overall, LA in a
semi-elective manner may be acceptable.
Each country has its own health insurance system.
The Japanese government uses a universal health
insurance system. Therefore, expensive imaging studies
and emergent surgery can easily be performed in Japan.
However, expensive studies and therapeutic options
[144,145]
may be uncertain in the United States and Europe
.
Novel procedures in Japan are not authorized until they
are included in the health insurance system’s listing by
[146]
the governmental council . Paradoxically, if a surgery
is once listed in Japanese health insurance system, any
physician and institution can routinely perform it, even
an expensive emergent surgery, in accordance with
medical ethics. We have to consider how to dismantle
interval/delayed appendectomy and antibiotics alone, in
Japan.
Diagnostic methodology and subsequent manage
[147]
ment pathway have been already established
.
The LA under the hands or directions of experienced
surgeons is safe and has a lot of beneficial ad
[148,149]
vantages
. High-volume centers should routinely
perform emergent laparoscopic surgery including
[148]
LA . Physicians and surgeons have a large interesting
frontier.
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CONCLUSION
AA is pathophysiologically progressive. As time passes,
AA is difficult to control. Prompt LA in a quadratic/
tertiary care hospital is mandatory for AA, and this
time-honored practice should be respected. Interval/
delayed appendectomy and conservative management
are unsuitable in Japan. The question can be asked:
“Where should emergency physicians or general
surgeons head in the next decade?”. We consider that
it is important to focus on stabilizing prompt LA for AA
around the world.
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Long non-coding RNAs (lncRNAs) are a subgroup
of non-coding RNA transcripts greater than 200
nucleotides in length with little or no protein-coding
potential. Emerging evidence indicates that lncRNAs
may play important regulatory roles in the pathogenesis
and progression of human cancers, including hepato
cellular carcinoma (HCC). Certain lncRNAs may be
used as diagnostic or prognostic markers for HCC, a
serious malignancy with increasing morbidity and high
mortality rates worldwide. Therefore, elucidating the
functional roles of lncRNAs in tumors can contribute to
a better understanding of the molecular mechanisms
of HCC and may help in developing novel therapeutic
targets. In this review, we summarize the recent
progress regarding the functional roles of lncRNAs in
HCC and explore their clinical implications as diagnostic
or prognostic biomarkers and molecular therapeutic
targets for HCC.
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noise” of the transcriptome. However, the recent
application of next-generation sequencing, particularly
RNA-sequencing (RNA-Seq), has broadened and
deepened our knowledge of lncRNAs related to various
types of diseases, including cancer. It is clear that
lncRNAs act as critical regulators of multiple cellular
processes, especially gene expression. It has been
well documented that many lncRNAs are frequently
aberrantly expressed in human cancers in which they
[10-12]
may serve as oncogenes or tumor suppressors
,
suggesting that they may act as novel drivers of
tumorigenesis. Compared with protein-coding genes,
lncRNA alterations are highly tumor- and cell line[13]
specific , and this characteristic of specificity
makes lncRNAs promising biomarkers for diagnosis.
Importantly, lncRNAs play critical regulatory roles
in the pathogenesis and progression of cancers,
including cell proliferation, differentiation, apoptosis,
[14-17]
tumorigenesis, and progression
. All of these
findings point to lncRNAs as promising diagnostic
or prognostic biomarkers and potential therapeutic
targets for cancer.
Given the critical roles of lncRNAs in the initiation
and progression of cancer, it is not surprising that
lncRNAs have aroused considerable interest in HCC
research. To date, multiple HCC-related lncRNAs
have been identified. In vitro and in vivo functional
experiments have shown that in HCC cells, lncRNAs
are involved in the regulation of diverse biological
processes, such as proliferation, migration, apoptosis,
the cell cycle, tumorigenesis, and metastasis.
Moreover, increasing evidence indicates that lncRNAs
may play irreplaceable roles in the initiation and
progression of HCC. As lncRNAs may serve as
diagnostic or prognostic biomarkers and therapeutic
targets for HCC, elucidating the roles of lncRNAs in
tumors can contribute to a better understanding of
the molecular mechanisms of HCC and assist in the
development of novel therapeutic targets. In this
review, we summarize the recent progress regarding
the functions of lncRNAs in HCC and explore their
clinical implications as diagnostic or prognostic
biomarkers and molecular therapeutic targets.
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INTRODUCTION
Hepatocellular carcinoma (HCC), a major type of
primary liver cancer, is the second leading cause
[1]
of cancer death worldwide . Unfortunately, the
incidence and mortality rates of HCC have continued
to increase globally. The high mortality of HCC patients
is mainly due to late diagnosis, leading to limited
therapeutic options. Accordingly, there is an urgent
need to elucidate the molecular mechanisms involved
in the initiation and progression of HCC to identify
reliable biomarkers for early diagnosis and therapeutic
targets to improve the survival of these patients.
Recent data have demonstrated that the complexity
of human carcinogenesis cannot be accounted for
by genetic alterations alone and that epigenetic
[2]
changes may also be involved . In fact, it is becoming
increasingly evident that dysregulated epigenetic
regulatory processes play a central role in cancer
[3]
onset and progression . In human HCC, for example,
epigenetic changes in various cancer-related genes
[4]
are more frequently observed than genetic changes ,
suggesting the crucial impact of epigenetic alterations
in hepatocarcinogenesis.
Epigenetic alterations include changes in DNA
methylation, histone modifications, and non-coding
[5]
RNA-mediated gene silencing . Recent studies have
revealed that the vast majority of the human genome
is actively transcribed into non-coding RNAs (ncRNAs),
[6,7]
only 1%-2% of which encode proteins . As most
cancer studies to date have principally focused on
protein-coding genes, the function of ncRNAs in cancer
remains largely unknown. Nonetheless, accumulating
evidence is shedding light on the functional importance
of ncRNAs in cancer biology, and these molecules
are emerging as new regulators of diverse biological
functions, with important roles in oncogenesis and
[8]
tumor progression . NcRNAs can be roughly classified
into the following two groups based on length: small
ncRNAs (< 30 nucleotides) and long ncRNAs (lncRNAs;
[9]
> 200 nucleotides) . Small ncRNAs, especially
microRNAs (miRNAs), have been studied extensively.
In contrast, lncRNAs are the least studied transcripts
and their functions remain largely unknown, even
though they constitute the majority of ncRNAs.
LncRNAs were initially regarded as “transcriptional
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Classification of LNCRNAs
As they can be categorized according to their various
properties, such as transcript length, genomic location
and context, sequence and structure conservation,
effects on DNA sequences, functional mechanisms
and targeting mechanisms, association with proteincoding genes or subcellular structures, many different
[18,19]
classifications of lncRNAs have been proposed
.
For example, according to their genomic location
relative to neighboring protein-coding genes, lncRNAs
have generally been categorized into five classes:
sense, antisense, intronic, intergenic, and bidirectional
[20]
lncRNAs . LncRNAs may also be classified according
to their targeting mechanisms: signal, decoy, guide,
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[21]

and scaffold .
However, there has been no systematic and
unambiguous classification of lncRNAs to date, and
many existing lncRNA classifications are conflicting and
overlapping. Different criteria (databases, projects,
and methodologies) used to classify lncRNAs may be
primarily responsible for the classification overlap.
In reality, lncRNAs are not a homogeneous class of
molecules but rather a mixture of multiple functional
classes with distinct biological mechanisms and/
[22]
or roles . Many lncRNAs are not easily classified
into any particular category, and it is likely that the
same lncRNAs may be listed in different groups in all
[23,24]
classifications
. In addition, the vast majority of
lncRNAs remain functionally uncharacterized, which
hampers their functional classification.
Given their complexity, from biogenesis to function,
these overlapping and conflicting classifications
would inevitably add another layer of difficulty to
our understanding of lncRNA biology. Interestingly,
the authors of a recent review highlight the roles of
large systems biology-based datasets as conceptual
guidelines for lncRNA classification and functional
[19]
annotation . Specifically, advances in high-throughput
transcriptome sequencing technologies will contribute
to uncovering previously unknown functions of lncRNAs,
and as such, the arbitrary classifications will need to be
redefined.

mechanisms of most lncRNAs remain largely elusive,
with only very few being partially characterized.
Nevertheless, existing evidence demonstrates that
these molecules play critical roles in the regulation of
specific cellular processes, specifically in protein-coding
gene expression at the epigenetic, transcriptional and
[36-40]
post-transcriptional levels
.

Epigenetic regulation

Epigenetic regulatory mechanisms can act at
genomic (DNA methylation or demethylation) or
nucleosomal and chromatin (post-translational histone
modifications and chromatin remodeling complexes)
[41]
levels . As stated above, the majority of lncRNAs
localize preferentially to the nucleus and chromatin,
and increasing evidence indicates that some nuclear
lncRNAs epigenetically regulate gene expression
[42]
by altering chromatin structure . There are two
underlying mechanisms by which lncRNAs mediate
changes in chromatin and gene expression. First,
they can directly interact with chromatin-modifying
enzymes, functioning as guides in cis or trans by
recruiting chromatin modifiers to specific genomic loci
to mediate DNA methylation or histone modification,
thereby modulating chromatin states and impacting
[32,43-47]
gene expression
. Second, lncRNAs function as
adaptors that link specific chromatin loci with ATP[48,49]
dependent chromatin-remodeling complexes
,
serving as guides to target these complexes to regulate
[47,50,51]
nucleosome remodeling and gene expression
.
In addition, lncRNAs have been identified as
crucial regulators of epigenetic processes such
[52,53]
as X-chromosome inactivation
, genomic im
[53,54]
[55,56]
printing
, cellular differentiation determination
,
[57]
and cell identity maintenance . Thus, lncRNAs
play crucial roles in the epigenetic regulation of
gene expression. In particular, investigation of the
interrelationships between lncRNAs and epigenetic
modifications will provide new insight into cancer
diagnosis and therapy.

Subcellular localization
patterns of LNCRNAs
LncRNAs have diverse subcellular localization
patterns, ranging from bright sub-nuclear foci to
almost exclusive cytoplasmic localization; some
[25,26]
lncRNAs are found in both compartments
, with
the majority preferentially localized to the nucleus
[20,27-29]
and chromatin
. Importantly, it is becoming
increasingly clear that the function of lncRNAs depends
[30]
on their subcellular localization . In general, nuclear
lncRNAs are recognized as important transcriptional
[15,31,32]
and epigenetic modulators of nuclear functions
,
whereas cytoplasmic lncRNAs have been described
[32,33]
as modulating mRNA stability and translation
.
Compared with the mostly highly abundant cellular
RNAs, the vast majority of lncRNAs that are typically
less abundant in a population of cells can be highly
[25,34]
abundant in individual cells
. To more precisely
locate and confirm the sub-cellular localization of
lncRNAs, two recent reports have suggested that
rather than using conventional RNA fluorescence in situ
hybridization (FISH) techniques that have a relatively
low sensitivity, it may be more effective to study
[25,35]
lncRNAs by applying single-molecule RNA FISH
.

Transcriptional regulation

At the level of transcriptional regulation, lncRNAs
regulate gene expression by (1) recruiting and guiding
transcription factors to the promoter region of target
genes to regulate their transcription; (2) functioning as
transcriptional activators or repressors to mediate gene
transcription; (3) interacting with RNA polymerase
II to regulate gene transcription; (4) interfering with
transcription of adjacent genes in cis; (5) forming
lncRNA-DNA hybrids to repress transcription of a
target; and (6) affecting protein localization to regulate
[24,58-63]
gene expression
.

Post-transcriptional regulation

MECHANISMS OF LNCRNA-MEDIATED
GENE EXPRESSION

LncRNAs regulate the expression of genes responsible
for biological functions at the post-transcriptional
level by modulating messenger RNA (mRNA) stability,
translation, degradation, and pre-mRNA alternative

To date, the biological functions and molecular
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LncRNAs

Epigenetic regulation

Chromatin remodeling
Histone modification
DNA methylation
X-chromosome inactivation
Genomic imprinting

Transcriptional regulation

Guiding and recruiting transcription
factors
Acting as transcriptional activators or
repressors
Binding RNA PII
Targeting adjacent genes
Forming IncRNA-DNA hybrids
Affecting protein localization

Post-transcriptional regulation

Modulating mRNA stability, translation,
degradation, and pre-mRNA alternative
splicing
Functioning as ceRNAs or precursors of
miRNAs
Mediating protein activity and localization

Figure 1 The regulatory mechanisms of long non-coding RNAs. LncRNAs: Long non-coding RNAs; RNA PII: RNA polymerase II; ceRNAs: Competing
endogenous RNAs; mRNA: Messenger RNA; miRNAs: MicroRNAs.

splicing genes. These molecules also function as
competing endogenous RNA (ceRNA) or endogenous
microRNA (miRNA) sponges, act as precursors of
miRNAs, and interact with proteins to mediate their
[58,64-71]
activity or alter their localization
. Through these
mechanisms, lncRNAs play crucial roles in the posttranscriptional regulation of gene expression.
Taken together, these distinct molecular me
chanisms allow dysregulated lncRNAs to up-regulate or
down-regulate gene expression, thereby determining
their regulatory functions in various biological
processes. Nevertheless, the complicated mechanisms
underlying such regulatory behaviors need further
investigation. The biological functions and molecular
mechanisms of action of lncRNAs are presented in
Figure 1.

can disrupt multiple cellular oncogenic pathways
by exerting oncogenic and/or tumor suppressive
functions. LncRNAs also drive many important cancer
phenotypes through interactions with other cellular
[76]
macromolecules, including DNA, protein, and RNA .
In brief, the role of lncRNAs in cancer initiation and
progression is evident, yet the detailed mechanisms of
their involvement in this process need to be clarified.
To date, researchers have elucidated genetic,
epigenetic, and transcriptional regulatory mechanisms
[77]
responsible for dysregulation of lncRNAs in cancer .
For instance, genetic regulatory factors, such as genetic
instability and single-nucleotide polymorphisms, can
be found in lncRNAs and might contribute to their
[77]
aberrant expression in cancer . Additionally, aberrant
expression of lncRNAs with oncogenic properties
can be caused by gene amplifications and point
[78]
mutations . Epigenetic regulation, such as DNA
methylation or histone acetylation in the promoter
region of lncRNAs, can alter their expression in
[79,80]
cancer
, and expression of some cancer-associated
lncRNAs can also be initiated by some key transcription
[81,82]
factors, such as Myc and p53
, or signaling cascades
[83]
such as Notch . Taken together, the above-mentioned
regulatory factors contribute to aberrant expression
of lncRNAs in cancer, with the dysregulated lncRNAs
consequently acting as important regulators of cancer
initiation and progression.

FUNCTIONAL ROLES OF LNCRNAs AND
MECHANISMS UNDERLYING LNCRNAs
DYSREGULATION IN CANCER
Numerous investigations have indicated that aberrantly
expressed lncRNAs play critical roles in cancer initiation
and progression. However, the biological functions
and mechanisms of the majority of lncRNAs in
cancer remain largely unknown. In general, lncRNAs
regulate gene expression in cancer at the epigenetic,
transcriptional, and post-transcriptional levels. Con
sequently, lncRNAs affect cell proliferation, survival,
[72]
migration, or genomic stability , thereby contributing
to tumor development. Specifically, evidence to date
demonstrates that lncRNAs are frequently aberrantly
expressed in human cancers in which they may
[73,74]
serve as oncogenes or tumor suppressors
. These
lncRNAs can mediate several cancer-associated
processes, including epigenetic regulation, the DNA
damage response, cell cycle control, and miRNA
[75]
silencing . Furthermore, dysregulated lncRNAs
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Dysregulated expression of
LNCRNAs in HCC
It has been proven that aberrant lncRNA expression
leads to dysregulation of downstream effectors and
that lncRNAs may provide a cellular growth advantage
[84]
resulting in HCC , suggesting that lncRNAs may
serve as promising diagnostic biomarkers and poten
tial therapeutic targets for HCC. Thus far, multiple

5863

August 28, 2017|Volume 23|Issue 32|

Niu ZS et al . LncRNAs in HCC
Table 1 Hepatocellular carcinoma associated long non-coding RNAs in this review
LncRNA
H19

Chromosomal location

Dysregulation

Biological roles

Ref.

11p15.5

Promotes HCC growth
Inhibits migration and invasion of HCC cells
Promotes HCC growth
Promotes proliferation of HCC cells
Promotes HCC growth
Promotes invasion
Promotes HCC growth, microvascular invasion,
and intrahepatic metastasis
Inhibits cell growth
Promotes proliferation and cell cycle
progression of HCC cells
Inhibits proliferation and cell cycle progression
of HCC cells

Matouk et al[93]
Lv et al[98]
Geng et al[107]
Quagliata et al[115]
Zhang et al[127]
Lai et al[148]
Shi et al[153]

HOTAIR
HOTTIP
HULC
MALAT1
MVIH

12q13.13
7p15.2
6p24.3
11q 13.1
10q22-q23

Up-regulated
Down-regulated
Up-regulated
Up-regulated
Up-regulated
Up-regulated
Up-regulated

MEG3
Lnc-FTX

14q32.2
Xq13.2

Down-regulated
Up-regulated
Down-regulated

Zhu et al[166]
Liu et al[175]
Liu et al[176]

HCC: Hepatocellular carcinoma; LncRNA: Long non-coding RNA; H19: H19, imprinted maternally expressed transcript; HOTAIR: HOX antisense intergenic
RNA; HOTTIP: HOXA transcript at the distal tip; HULC: Highly up-regulated in liver cancer; MALAT1: Metastasis-associated lung adenocarcinoma
transcript 1; MEG3: Maternally expressed gene 3; MVIH: Microvascular invasion in HCC; FTX: Five prime to Xist.

dysregulated lncRNAs have been identified as parti
cipating in the initiation and progression of HCC. Here,
we briefly summarize seven well-documented lncRNAs
in HCC: H19, HOTAIR, HULC, HOTTIP, MALAT1, MVIH,
and MEG3. FTX, a novel lncRNA associated with HCC,
is also discussed. Up-regulated expression of lncRNAs
in HCC is thought to have an oncogenic function,
whereas a few lncRNAs exhibiting down-regulated
expression in HCC may act as tumor suppressors (Table
1).

particular, H19 is a precursor of miR-675, and H19
and miR-675 are increasingly described as having key
roles in the progression and metastasis of cancers of
[94]
different tissue origins . Recent data indicate that
H19-derived miR-675 favors tumor progression in HCC
[95]
by repressing expression of twist-related protein 1 ,
and miR-675 up-regulates H19 by activating EGR1 in
[96]
human liver cancer . These findings suggest that the
oncogenic role of H19 is mediated through miR-675.
Aflatoxin B1 (AFB1) presents another mechanism
related to the oncogenic function of H19. AFB1 induces
expression of transcriptional factor E2F1 (E2F1), and
AFB1-induced E2F1 up-regulates the expression of
H19 in HCC HepG2 cells, thereby promoting cellular
[97]
growth and invasion .
Regardless, current evidence supports a role of
H19 as a tumor suppressor. A study investigating the
effect and mechanism of H19 and miR-675 on HCC cell
migration and invasion reported that inhibition of H19
and miR-675 expression can promote the migration
and invasion of HCC cells via the AKT/GSK-3β/Cdc25A
[98]
signaling pathway . This finding suggests that H19
acts a tumor suppressor in HCC cells. Intriguingly,
recent data indicate that H19 is down-regulated in
intratumoral HCC tissues compared with peritumoral
[99]
tissues . Additionally, H19 plays a role in promoting
tumor initiation but exerts its tumor-suppressive effect
on subsequent tumor progression and metastasis in
[99]
HCC . These findings suggest a tumor-promoting
mechanism for H19 in peritumoral HCC tissues and
also indicate that H19 has distinct roles at different
stages of HCC development. Given the complexity
of H19 function in HCC, there is a need for further
investigation to resolve the discrepancy.
In particular, a recent study found that up-regulation
of H19 has a statistically significant linear correlation
[95]
with AFP mRNA levels in HCC tumor samples ,
suggesting its role as a potential non-invasive diagnostic
biomarker in HCC. Therefore, it should be feasible to
detect both AFP and H19 simultaneously to achieve

H19

The human H19 gene (H19) is a paternally imprinted
gene located on human chromosome 11p15.5, a
locus that contains several imprinted genes, such as
insulin-like growth factor 2 (IGF2) and H19. Although
H19 has been investigated for years, its role in
tumorigenesis is still controversial. Increasing evidence
suggests that H19 is highly expressed in many human
[73,85-88]
cancers
, indicating that it acts as an oncogene
and that its activation may play a critical role in
tumorigenesis. Nonetheless, several studies have
[89-92]
shown that H19 functions as a tumor suppressor
.
Apparently, H19 has a dual role in tumorigenesis,
reflecting the complexity of H19 function. According
to the literature, H19 function in HCC is seemingly
much more complicated than that in other types of
cancers; indeed, its function in hepatocarcinogenesis is
largely debated. Numerous investigations have shown
that the H19 gene behaves as an oncogene, with its
activation contributing to hepatocarcinogenesis. For
example, hypoxia induces H19 expression in HCC
cells both in vitro and in vivo. Furthermore, silencing
H19 expression attenuates tumor growth in vivo,
suggesting that H19 behaves as an oncogene and
enhances the tumorigenic potential of HCC cells
[93]
in vivo . A mechanism by which H19 exerts its
oncogenic activity in hepatocarcinogenesis has been
proposed. Alterations in gene expression at the H19/
[87]
IGF2 locus are associated with malignancies . In
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HOTTIP

better performance in HCC management.

HOXA transcript at the distal tip (HOTTIP), which is
transcribed from the 5’ tip of the HOXA locus, has
been observed to be up-regulated in various cancers,
[115]
including HCC . For example, a recent meta-analysis
demonstrated that a higher expression level of HOTTIP
is correlated with positive lymph node metastasis
(LNM) and poor overall survival (OS) in patients with
[116]
diverse cancers , suggesting that HOTTIP might be
a potentially promising predictor of LNM and survival in
human cancer.
Another recent study showed that HOTTIP ex
pression is significantly up-regulated in HCC tissues
[115]
compared with adjacent non-neoplastic tissues
.
Patients with higher levels of HOTTIP and homeobox
protein Hox-A13 (HOXA13) showed increased me
tastasis formation and decreased OS. Moreover,
knockdown of HOTTIP inhibited the proliferation of
[115]
liver cancer-derived cell lines
. These findings
indicate that HOTTIP might serve as a potential
predictor of LNM and survival in patients with HCC.
Intriguingly, these authors have also observed marked
up-regulation of HOXA13 in HCC, with HOTTIP and
HOXA13 having a highly positive correlation. In
addition, knock-down of HOTTIP expression led to a
[115]
reduction in HOXA13 expression in HCC cell lines
,
suggesting that HOTTIP may serve as a transcriptional
regulator of HOXA13 in HCC cells. HOTTIP is located
at the 5’ end of the HoxA cluster, and can enhance
expression of upstream HoxA genes, most prominently
[117]
HOXA13
. Furthermore, HOXA13 has been shown
to play a critical role in hepatocarcinogenesis. In a
recent study, HOXA13 expression was found to be
significantly up-regulated in HCC tissues compared
with corresponding paracarcinomatous tissues, and all
HOXA13-positive paracarcinomatous tissues exhibited
different levels of atypical hyperplasia. Moreover,
HOXA13 overexpression may be associated with
[118]
tumor angiogenesis in HCC . These findings indicate
that HOXA13 may play a crucial role in hepatocyte
carcinogenesis. Another study found that HOXA13
was the only HOX network gene to be constitutively
overexpressed in all tested HCCs, independently
[119]
of stage
, suggesting its involvement in the
tumorigenic process of HCC. These authors speculated
that HOXA13 deregulation is involved in HCC, possibly

through nuclear export of eIF4E-dependent trans
[119]
cripts . In addition, overexpression of HOXA13 was
shown to rescue the phenotype of HOTTIP knockdown HCC cells, further supporting that up-regulation
of HOTTIP in HCC may enhance expression of HOXA13
[120]
and eventually mediate HCC carcinogenesis . Overall,
HOTTIP exerts its oncogenic functions in hepato
carcinogenesis at least partly by modulating HOXA13.
Additionally, the HOTTIP/HOXA13 axis may represent
a predictor of prognosis in patients with HCC and a
potential therapeutic target for this fatal disease.
Increasing evidence reveals that lncRNAs can

HOTAIR

HOX transcript antisense intergenic RNA (HOTAIR)
is a human gene located on chromosome 12q13.13
that is co-expressed with HOXC genes. HOTAIR has
been identified as regulating chromatin silencing
[100]
of the adjacent HOX locus
. Recent studies have
revealed that HOTAIR functions as a molecular
scaffold to link polycomb repressive complex 2
(PRC2) and lysine-specific demethylase 1/REST
corepressor 1/RE1-silencing transcription factor
(LSD1/CoREST/REST) complexes and direct them to
specific gene sites, leading to altered histone H3 lysine
27 (H3K27) methylation and H3K4 demethylation and
[46,101]
ultimately resulting in epigenetic gene silencing
.
Accumulating evidence demonstrates that HOTAIR is
dysregulated in a variety of human cancers and that
overexpression of HOTAIR is associated with cancer
cell proliferation, apoptosis, invasion, progression, and
[102-105]
metastasis as well as poor survival
.
It has been reported that HOTAIR expression
in HCC tissues is significantly higher than that in
[106,107]
adjacent non-cancerous tissues
. In addition, the
expression levels of HOTAIR in liver cancer cell lines
were found to be higher than those in normal liver cell
[106]
lines . These findings suggest that HOTAIR exhibits
oncogenic activity in HCC. Thus far, several studies
have investigated the clinical implications of HOTAIR in
HCC. Patients with HCC that overexpress HOTAIR have
an increased risk of recurrence following hepatectomy,
and there is also a correlation between HOTAIR
overexpression and increased risk of lymph node
[108]
metastasis . A high level of HOTAIR expression has
potential as a candidate biomarker for predicting HCC
[106]
recurrence in liver transplantation (LT) patients
.
Furthermore, patients with high expression of HOTAIR
have a significantly shorter recurrence‑free survival
[109]
than patients with low expression of HOTAIR . Taken
together, these findings support the role of HOTAIR
as a metastatic biomarker. Indeed, just as in most
other types of cancer, HOTAIR is considered most
valuable as a prognostic indicator in HCC, particularly
as a metastatic biomarker rather than as a diagnostic
[110]
biomarker .
Various mechanisms have been proposed for the
oncogenic activity of HOTAIR in HCC. For example,
a regulatory network between miR-218 and HOTAIR
was elucidated, whereby HOTAIR inactivates P16
(Ink4a) and P14 (ARF) signaling by down-regulating
miR-218 expression in HCC via EZH2 targeting of the
miR-218-2 promoter regulatory axis and enhancing
[111]
Bmi-1 expression, resulting in hepatocarcinogenesis .
In addition, up-regulation of HOTAIR promotes
proliferation, migration, and invasion of human HCC
[112]
cells by activating autophagy
, by inhibiting RNA
[113]
binding motif protein 38 (RBM38)
, or in part by
[114]
modulating miR‑1 .
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interact with miRNAs. Indeed, lncRNAs can act as
miRNA sponges, reducing their regulatory effect; in
turn, miRNAs may directly interact with lncRNAs and
[121,122]
silence their expression
. MiR-125b has been
shown to be a post-transcriptional regulator of HOTTIP
in HCC, whereby loss of miR-125b expression might
[120]
contribute to the frequent up-regulation of HOTTIP .
In another recent study, the authors found that both
miR-192 and miR-204 function as tumor suppressors
to reduce HOTTIP expression via the Argonaute2mediated RNA interference pathway in HCC. Further
more, glutaminase has been identified as a potential
downstream target of the miR-192/-204-HOTTIP axis
[123]
in HCC .
In summary, the afore-mentioned results suggest
the existence of a complex regulatory interaction
between HOTTIP and HoxA genes or miRNAs. Up
regulation of HOTTIP contributes to hepatocarcino
genesis at least partly by regulating expression of
HoxA genes, especially HOXA13, and interacting with
miRNAs. Further studies are required to determine
whether the regulatory loop between HOTTIP and
HOXA13 or miRNAs may serve as potential therapeutic
targets for HCC.

compartment, and tissue remodeling, as well as
[124,130]
survival, invasion and migration
, may also
contribute to hepatocarcinogenesis. Furthermore,
HULC functions as a ceRNA to activate the epithelialmesenchymal transition, stimulating HCC progression
and metastasis through the miR-200a-3p/ZEB1
[130]
signaling pathway
. A recent study provides new
insight into the molecular mechanisms underlying
the functions of HULC in hepatocarcinogenesis. The
authors demonstrate that HULC specifically binds to
Y-box protein-1 (YB-1) to promote its phosphorylation
through ERK kinase and in turn regulates the in
teraction of YB-1 with certain oncogenic mRNAs,
consequently accelerating the translation of these
[131]
oncogenic mRNAs in hepatocarcinogenesis
. All of
these findings indicate that HULC might be involved in
the pathogenesis and progression of HCC.
However, there are conflicting data in the literature
regarding whether HULC in HCC is associated with
a favorable or an unfavorable prognosis. According
to a recent study from China, high HULC expression
is significantly associated with higher clinical stage
and probability of intrahepatic metastasis, and HCC
patients with high expression of HULC had worse
[130]
survival than those with low or no HULC expression .
Conversely, two recent studies from South Korea
and Germany, propose that high HULC expression is
significantly associated with a low stage and grade and
less vascular invasion and that HCC patients with high
HULC expression have better survival than those with
[132,133]
low or no HULC expression
. These conflicting
findings might be largely due to the inclusion of
different racial and regional groups. Future studies
with larger patient cohorts and various geographic
and etiologic backgrounds are needed to confirm the
prognostic value of HULC in HCC.
Compared with healthy controls, the plasma level
of HULC was found to be dramatically increased in
a large cohort of HCC patients, and higher HULC
expression was significantly associated with larger
[134]
tumor size, and no tumor encapsulation , as well as
[135]
higher Edmondson grades and HBV-positive status .
Therefore, plasma HULC might act as a potential
noninvasive biomarker for predicting the growth,
progression and metastasis in HCC.
In summary, the afore-mentioned findings suggest
that HULC may contribute to the carcinogenesis and
progression of HCC. Therefore, HULC may act as a
potential noninvasive biomarker for predicting the
growth, progression, metastasis, and prognosis of
HCC.

HULC

Expression of the highly up-regulated in liver cancer
(HULC) gene, which is located on chromosome 6p24.3,
[124]
is increased in HCC
, and several recent studies
have helped shed light on the factors that contribute to
its aberrant up-regulation. For example, research has
found that expression of HULC can be enhanced by
the transcription factor CREB (cAMP response element[125]
binding protein) through interaction with miR-372 .
In addition, up-regulation of HULC by the hepatitis
B virus (HBV) X protein promotes the proliferation
of hepatoma cells through down-regulation of the
[126]
tumor suppressor p18
. Furthermore, it has been
shown that HULC might function as an miRNA sponge
for miR-372 in HCC and may thereby regulate gene
[125]
expression at the post-transcriptional level .
As an oncogene, HULC is implicated in hepato
carcinogenesis via regulation of multiple biological
processes. HULC promotes the proliferation of HCC
cells by regulating tumor cell proliferation-associated
genes, especially cell cycle-related genes to alter the
[127]
cell cycle in HCC cells
. HULC also contributes to
HCC growth by acting mechanistically to deregulate
lipid metabolism through a signaling pathway involving
miR-9, peroxisome proliferator-activated receptor
alpha (PPARA), and acyl-CoA synthetase long chain
[128]
family member 1 (ACSL1)
. In addition, HULC is
responsible for perturbations in the circadian rhythm
by up-regulating the circadian oscillator CLOCK (clock
circadian regulator) in hepatoma cells, resulting in
[129]
the promotion of hepatocarcinogenesis
. Other
biological processes, such as angiogenesis, alterations
in cell metabolism, activation of a precursor cell
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MALAT1

Metastasis-associated lung adenocarcinoma trans
cript 1 (MALAT1) is also known as non-coding nuclearenriched abundant transcript 2. The MALAT1 locus at
11q13.1 has been reported to harbor chromosomal
translocation breakpoints, deletions, translocations, and
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[136,137]

point mutations linked to cancer
. These studies
have suggested that patients with these phenotypes are
more susceptible to cancer.
Nonetheless, the molecular mechanism of MALAT1
in cancer is currently uncertain. Previous cell culture
studies have shown that MALAT1 is specifically retained
in nuclear speckles to regulate alternative splicing
of pre-mRNAs by modulating the functional levels of
[138,139]
serine/arginine (SR) splicing proteins
. Moreover,
a recent study suggests that MALAT1 function is only
apparent in particular cell types, such as metastatic
[140]
cancer cells
. These studies indicate that aberrant
MALAT1 expression promotes tumor metastasis by
modulating alternative pre-mRNA splicing. However,
another study has suggested a mechanism of gene
[141]
regulation
. Two molecular functions of MALAT1 in
cell-based models, contributing to its association with
tumor metastasis, have been proposed: regulation
[142-144]
of gene expression and alternative splicing
.
For example, regulation of expression of metastasisassociated genes, rather than alternative splicing, is
the critical function of MALAT1 in lung cancer meta
[145]
stasis
. Although alternative splicing is critical for
regulating gene expression, it may not be a major
mechanism for modulating gene expression, and
alternative splicing alone cannot explain the role of
MALAT1 in some cancer cell lines or tissues. Overall,
MALAT1 functions as a regulator of alternative splicing
or gene expression, governing the hallmarks of cancer
metastasis.
Increasing evidence shows that MALAT1 is fre
quently up-regulated in both liver cancer cell lines
[146]
and human HCC tissue samples , suggesting that it
plays an oncogenic role in HCC. A few studies to date
have investigated the roles and clinical implications
of MALAT1 in HCC. In one study, MALAT1 expression
was found to be significantly up-regulated in HCC
tumor tissues compared with corresponding nontumor tissues. Furthermore, MALAT1 was found to
act as a marker with high sensitivity for human HCCs
[147]
at both early and late stages
, suggesting that the
gene can serve as a potential diagnostic tool for HCC.
In another study, patients with high expression levels
of MALAT1 had a significantly increased risk of tumor
recurrence after LT, and silencing MALAT1 with siRNA
in HepG2 cells effectively reduced cell viability, motility,
and invasiveness and also increased susceptibility to
[148]
apoptosis
. These findings suggest that MALAT1
may play a critical role in HCC progression and serve
as a potential predictor of HCC recurrence after LT.
Importantly, inhibition of MALAT1 may be a potential
therapeutic target for treatment of HCC.
A recent study investigated the role of specificity
protein 1/3 (Sp1/3) in the regulation of MALAT1
transcription in HCC cells, and the authors found that
Sp1 and Sp3 play roles in up-regulating MALAT1
[149]
expression
. Several potential mechanisms linking
MALAT1 with HCC oncogenesis have been proposed.
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For instance, MALAT1 was found to be up-regulated
in HCC and to act as a proto-oncogene to promote
HCC cell growth through Wnt pathway activation and
induction of oncogenic serine/arginine-rich splicing
factor 1 (SRSF1). In addition, inhibition of SRSF1
expression or mTOR activity abolished the oncogenic
properties of MALAT1, and the authors concluded that
MALAT1 promotes HCC development through SRSF1
[150]
up-regulation and mTOR activation
. Nevertheless,
the molecular mechanisms underlying the biological
functions of MALAT1 in HCC remain largely elusive and
require further investigation.

MVIH

The lncRNA microvascular invasion in hepatocellular
carcinoma (MVIH) is located in the intron of the
RPS24 gene, which encodes a protein belonging to the
[151]
S24E family of ribosomal proteins . MVIH functions
as a tumor promoter and is thus up-regulated in
many human cancers. Furthermore, MVIH has been
[152]
shown to activate angiogenesis
. Thus far, only a
few studies have shown that MVIH is involved in the
pathogenesis and progression of HCC, and the function
and mechanism of MVIH in HCC still need to be fully
investigated.
A recent study found that MVIH expression was
significantly increased in HCC tissues and cells and
that MVIH promoted HCC cell growth and inhibited
apoptosis by inhibiting miR-199a expression in
[153]
vitro and in vivo
. Taken together, these findings
provide evidence that MVIH acts as an miR-199a
sponge, linking regulation of gene expression in
HCC pathogenesis. In addition to its role in HCC
pathogenesis, MVIH has also been shown to activate
angiogenesis. A previous study demonstrated that
MVIH is generally overexpressed in HCC and plays
a key role in activating angiogenesis; consequently,
dysregulation of MVIH might serve as a predictor of
poor recurrence-free survival of HCC patients after
[154]
hepatectomy
. It is well-known that pathological
angiogenesis is essential for oncogenesis, tumor
invasion and metastasis. The above-mentioned results
suggest that blocking MVIH function might inhibit
tumor angiogenesis. Thus, MVIH might serve as a
promising therapeutic target for HCC antiangiogenic
therapy.

MEG3

Maternally expressed gene 3 (MEG3) is an imprinted
gene located at chromosome 14q32.3; imprinting
of this gene is controlled by the upstream intergenic
[155]
differentially methylated region (IG-DMR)
. Al
though MEG3 is expressed in many normal tissues,
its expression is lost in various human cancers or
cancer cell lines. Numerous studies have verified the
functional role of MEG3 as a tumor suppressor in
[156-158]
many human cancers
. Therefore, loss of MEG3
expression may contribute to tumor pathogenesis in
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a wide range of tissues of different origin. In recent
years, hypermethylation of the MEG3 promoter or the
MEG-3IG-DMR has been shown to contribute to loss
[159-161]
of MEG3 expression in human cancer cells
, and
increasing evidence shows that hypermethylation of
the MEG3 promoter plays an important role in loss
[156,158,162-165]
of MEG3 expression in tumors
. Overall,
hypermethylation in specific MEG3 regions might result
in permanent gene transcriptional silencing and the
consequent loss of its antiproliferative function, thus
[159]
contributing to oncogenesis .
MEG3 expression was found to be markedly
reduced in HCC tissues and cell lines compared with
that in adjacent normal liver tissues and normal
[79,166]
hepatocytes
. Furthermore, ectopic expression
of MEG3 in hepatoma cells significantly inhibits
[166,167]
proliferation and induces apoptosis
, and forced
expression of MEG3 in HCC cells significantly decreases
both anchorage-dependent and -independent growth
[79,160]
and induces apoptosis
. These data therefore
indicate that MEG3 functions as a tumor suppressor
in hepatoma cells and plays an important role in
hepatocarcinogenesis. Several studies have investigated
the mechanism underlying loss of or reduction in MEG3
expression in HCC. Similar to many other cancers, it
has been revealed that loss of MEG3 expression in HCC
is associated with hypermethylation of its promoter
[79,160,167,168]
region
.
It has been proven that MEG3 can inhibit cell
proliferation and promote apoptosis through a p53[169]
related pathway . Several studies have also confirmed
that overexpression of MEG3 results in an increase in
p53 protein and stimulates its transactivational activity
[166,170,171]
in HCC cells
. Further investigation showed that
MEG3 functions as a tumor suppressor in hepatoma
cells by interacting with p53 to enhance p53-mediated
transcriptional activity and influence the expression of
[166]
partial p53 target genes . In addition, dysregulated
tissue-specific expression of miR-29a in HCC epi
genetically modulates MEG3 expression through
[79]
promoter hypermethylation .
Kaplan-Meier analysis demonstrated that patients
with low MEG3 expression have worse overall and
relapse-free survival compared with those with high
expression of MEG3, and Cox proportional hazard
analyses showed MEG3 expression to be an independent
[171]
prognostic factor for HCC patients
. These findings
suggest that decreased expression of MEG3 contributes
to HCC development and progression. Overall, MEG3
may serve as a useful molecular diagnostic marker and
a potential therapeutic target for HCC.

the pro-oncogenic potential of FTX in several types of
[173]
[174]
cancer, including renal cell carcinoma
and glioma .
Surprisingly, there are two opposite findings
regarding the role of FTX in HBV-related HCC in a
Chinese population. In one study, FTX and FTX-derived
miR-545 were found to be up-regulated in HCC tissues
compared with matched tumor-adjacent tissues,
and patients with high FTX expression exhibited
[175]
poor survival
, indicating that FTX functions as an
oncogenic lncRNA in HCC. Conversely, in another study,
FTX was found to be significantly down-regulated in
HCC tissues compared with that in normal liver tissues,
and patients with higher FTX expression exhibited
longer survival, suggesting that FTX acts as a tumor
[176]
suppressor in HCC
. There are several possible
explanations for these two contradictory findings.
First, FTX might play distinct roles in HCC because
it can function as a precursor for miRNAs and as an
endogenous miRNA sponge (also termed ceRNA). FTX
can encode a related cluster of miRNAs (miR-374a and
[177]
miR-545) in most mammalian species . Accordingly,
in HCC, FTX can function as an oncogene when it
serves as the precursor of miR-545, with which it is cotranscribed, or as a tumor suppressor when it acts as
a microRNA sponge for miR-374a to inhibit the binding
of miR-374a to its targets. Second, in two studies, FTX
was either up-regulated or down-regulated in HCC
compared with non-tumor liver samples, suggesting a
high FTX variability across different cohorts of patients.
Third, different levels of FTX distribution at different
sites of the HCC nodule may exist, and inadequate
tumor sampling may also be a factor. Fourth, different
methods were used to detect FTX in these two
studies, with the former using quantitative reverse
transcription-quantitative polymerase chain reaction,
and the latter in situ hybridization.

PROBLEMS AND PERSPECTIVES
In this review, we summarize the recent progress
regarding the functional roles of lncRNAs associated
with HCC, including H19, HOTAIR, HULC, HOTTIP,
MALAT1, MVIH, MEG3, and FTX. As potent gene
regulators, these HCC-related lncRNAs are involved
in diverse biological functions, such as cell prolife
ration, apoptosis, migration, invasion, metastasis, and
angiogenesis, thereby contributing to the initiation
and progression of HCC. In addition, these HCCrelated lncRNAs may serve as potential diagnostic or
prognostic biomarkers and also as therapeutic targets
for HCC.
Intriguingly, due to their highly specific expression
[178]
patterns in particular types of cancer
, efficient
detection in the bodily fluids of patients (e.g., blood,
plasma, and urine) and relatively stable local secondary
structures, lncRNAs have the potential to serve
[13]
as novel noninvasive biomarkers . For example,
HULC is detected with a higher frequency in the

FTX

The gene five prime to XIST (FTX) is located upstream
of XIST, within the X-inactivation center (XIC). FTX
is thought to positively regulate the expression of
XIST, which is essential for the initiation and spread
[172]
of X-inactivation , and recent studies have indicated
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[135]

plasma of HCC patients than in healthy controls
,
suggesting the possibility of using HULC as a potent
circulating biomarker to facilitate early diagnosis of
HCC. Nevertheless, further investigations in larger
patient cohorts are necessary to validate the diagnostic
effectiveness of circulating HULC in HCC.
Despite the importance of lncRNAs in HCC, our
current understanding of HCC-related lncRNAs remains
rather limited. First, the behavioral characteristics
and mechanisms underlying HCC-related lncRNAs
contributing to HCC remain largely unclear. Second,
“driver lncRNAs” associated with tumorigenesis and
progression of HCC have not yet been identified. To gain
insight into lncRNA functions and mechanisms of action
in HCC, several major issues need to be addressed:
(1) technological advances in high-throughput RNASeq and high-resolution imaging of RNAs are required.
In addition, computational algorithm analysis and
integrated datasets are also essential; (2) rather than
acting alone, the regulatory role of lncRNAs typically
occurs through a large complex network that involves
[179]
mRNAs, miRNAs, DNA, and proteins . Therefore, it is
critical to understand how lncRNAs interact with RNA,
DNA, and proteins and how aberrant crosstalk may be
regulated in HCC; and (3) most of the previous studies
concerning lncRNAs have been retrospective singlecenter analyses with a relatively small sample size.
Thus, a multicenter prospective cohort study with a
large sample is needed to gain a deeper understanding
of the explicit roles of lncRNAs in HCC in various ethnic
[85]
populations .
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Pancreatic cancer (PDAC) is an aggressive and chemo
resistant disease, representing the fourth cause of
cancer related deaths in western countries. Majority
of patients have unresectable, locally advanced
or metastatic disease at time of diagnosis and the
5-year survival rate in these conditions is extremely
low. For more than a decade gemcitabine has been
the cornerstone of metastatic PDAC treatment,
although survival benefit was very poor. PDAC cells are
surrounded by an intense desmoplastic reaction that
may create a barrier to the drugs penetration within
the tumor. Recently PDAC stroma has been addressed
as a potential therapeutic target. Nano albumin bound
(Nab)-paclitaxel is an innovative molecule depleting
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[8,9]

for novel molecules . PDAC is characterized by an
intense desmoplastic reaction that may explain its high
chemoresistance. Tumor stroma contributes to poor
vascularization and high intratumoral pressure resulting
[10,11]
in reduced drugs penetration within cancer cells
.
Among stromal components, secreted protein acidic
and rich in cysteine (SPARC) has been investigated as a
potential therapeutic target because of its involvement
in PDAC cells proliferation, migration, metastasization
[12-15]
and escape mechanisms
. Nano albumin bound
(Nab)-paclitaxel is an innovative molecule obtained
by the combination of paclitaxel with nano-particles
[16]
of albumin . SPARC binds albumin and it has been
postulated that “nab-technology” may enhance
selective delivery and uptake of paclitaxel in cancer
[17]
cells . Following the results of the MPACT phase III
study, nab-paclitaxel in combination with gemcitabine
has become a standard of care in metastatic PDAC first[18]
line therapy . Accordingly, this doublet represents also
a valid backbone for the new developing schedules.
In this paper, we will focus on molecular structure,
mechanism of action, preclinical data, clinical studies
and future perspectives regarding nab-paclitaxel in
PDAC treatment.

tumor stroma, through interaction between albumin
and secreted protein acidic and rich in cysteine.
Addition of nab-paclitaxel to gemcitabine has showed
activity and efficacy in metastatic PDAC first-line
treatment improving survival and overall response rate
vs gemcitabine alone in the MPACT phase Ⅲ study. This
combination represents one of the standards of care
in advanced PDAC therapy and is suitable to a broader
spectrum of patients compared to other schedules.
Nab-paclitaxel is under investigation as a backbone of
chemotherapy in novel combinations with target agents
or immunotherapy in locally advanced or metastatic
PDAC. In this article, we provide an updated and critical
overview about the role of nab-paclitaxel in PDAC
treatment based on the latest advances in preclinical
and clinical research. Furthermore, we focus on the
use of nab-paclitaxel within the context of metastatic
PDAC treatment landscape and we discuss about future
implications in the light of current clinical ongoing trials.
Key words: Nano albumin bound-paclitaxel; Pancreatic
cancer; Metastatic disease; Gemcitabine; Folfirinox
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this article, we provide an updated and
critical overview about the role of nano albumin
bound (Nab)-paclitaxel in pancreatic cancer (PDAC)
treatment based on the latest advances in preclinical
and clinical research. Furthermore, we focus on the
use of nab-paclitaxel within the context of metastatic
PDAC treatment landscape and we discuss about future
implications in the light of current clinical ongoing trials.

NAB-PACLITAXEL: MOLECULAR
STRUCTURE AND MECHANISM OF
ACTION
®

Nab-paclitaxel (ABI 007 or Abraxane ; Celgene) is
a 130-nm, albumin-bound, formulation of paclitaxel
[19]
®
without any solvents or ethanol . The Cremophor
EL free formulation reduces the incidence of infusion
adverse reactions and makes premedication with
[19]
steroids not necessary . This agent is prepared by
homogenization of human serum albumin at 3%-4%
[20]
concentration with paclitaxel . Nab-paclitaxel particles
have a reduced diameter that enhances intracellular
[21]
paclitaxel delivery and thus higher antitumor activity .
This molecule has a greater distribution volume, higher
concentration and a faster clearance than conventional
[22]
paclitaxel . After administration of equal doses of
nab-paclitaxel and radiolabeled paclitaxel-cremophor
to MX-1 xenograft athymic mice, nab-paclitaxel had
a more rapid tumor uptake. This resulted in overall
increase in the area under the curve and a more
effective intratumoral accumulation of nab-paclitaxel
[23]
compared to paclitaxel-cremophor . Preclinical
studies have shown that albumin facilitates transport
of paclitaxel across endothelial cells through the gp60
albumin receptor/caveolin-1 pathway (Figure 1).
Notably, endothelial transcytosis of nab-paclitaxel was
inhibited by methyl β-cyclodextrin, a gp60/caveolin-1
transport inhibitor. In vitro, a significant 9.9 times
increase of nab-paclitaxel binding to the endothelial
cells of human umbilical vein compared to conventional
paclitaxel was recorded. Accordingly, a 4.2 times
increased endothelial transcytosis of paclitaxel linked

Giordano G, Pancione M, Olivieri N, Parcesepe P, Velocci M, Di
Raimo T, Coppola L, Toffoli G, D’Andrea MR. Nano albumin
bound-paclitaxel in pancreatic cancer: Current evidences and
future directions. World J Gastroenterol 2017; 23(32): 5875-5886
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i32/5875.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i32.5875

INTRODUCTION
Pancreatic cancer (PDAC) is a lethal disease with an
incidence rate nearly equal to its mortality and it is the
[1,2]
fourth cause of cancer-related death worldwide . Fiveyear survival rate is about 5% and it increases to 20%
in patients receiving radical surgery, chemotherapy
[3-5]
and radiation . The majority of patients have lo
cally advanced or metastatic disease at the time of
diagnosis and chemotherapy represents the only
[6]
curative chance, even if prognosis remains very poor .
For more than a decade, gemcitabine has been the
cornerstone of treatment in metastatic setting, despite
[7]
of a small advantage in terms of survival . Recently,
PDAC stroma has been addressed as a possible target
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Nab paclitaxel complex
Paclitaxel

A

Albumin
Nab paclitaxel individual molecule
Endothelial cells
Receptor

B

Fibroblast
Tumor cell
C

Sparc albumin-binding proteins

D

Other extracellular matrix albumin-binding proteins

Figure 1 Nab-paclitaxel mechanism of action. A: After intravenous administration nab-paclitaxel is carried through bloodstream; B: Nab-paclitaxel binds gp60
albumin receptor on the endothelial cell; C: Endothelial transcytosis of nab-paclitaxel through the gp60 albumin receptor/caveolin - 1 pathway; D: Interaction between
SPARC and nab-paclitaxel both on the pancreatic cancer cells and stromal fibroblasts. SPARC: Secreted protein acidic and rich in cysteine.
[22,24]

[29]

to nano-particles of albumin was demonstrated
.
Furthermore, passive transport through permeable
peritumoral vessels could have a role in paclitaxel
[25]
delivery to cancer cells . Peculiar and tumor-selective
mechanism of action may be partially elucidated by
interactions between SPARC and albumin (Figure 1).
SPARC is an albumin-binding glycoprotein, also known
as osteonectin, overexpressed in different types of
[26]
tumor such as breast, lung, PDAC and melanoma .
SPARC is expressed both in PDAC stroma and tumor
cells, representing a potential target for nab-paclitaxel
[26]
mechanism of action . Nevertheless, preclinical
data on engineered mouse models (KPC models)
demonstrated that SPARC had no role in nab-paclitaxel
[27]
internalization in tumor cells . Consistently, tumor
delivery of nab-paclitaxel was not related to SPARC
expression in patient derived xenograft (PDX) PDAC
[28]
murine models .

gemcitabine alone . Another study investigated nabpaclitaxel, gemcitabine, docetaxel or control in PDAC
cell-lines AsPC-1, BxPC-3, MIA PaCa-2 and Panc1a. Addition of docetaxel or nab-paclitaxel at IC25,
reduced gemcitabine IC50. Tumor growth inhibition
after gemcitabine, docetaxel or nab-paclitaxel was
67%, 31% and 72%, respectively. Tumor stromal
density, measured through reduction in α-smooth
muscle actin, S100A4 and collagen 1 expression, was
decreased by nab-paclitaxel better than docetaxel.
In the same study, xenograft model was used to
evaluate the efficacy of gemcitabine, docetaxel or nabpaclitaxel. Nab-paclitaxel followed by gemcitabine
resulted in a longer median survival vs control or
[30]
gemcitabine alone . Notably, combination of nabpaclitaxel and gemcitabine improved survival, reduced
incidence of metastasis and increased intratumoral
gemcitabine levels in KPC mouse models. Those
effects were explained by the decrease of cytidine[31]
deaminase, a gemcitabine-metabolizing enzyme .
Engineered mice models of PDAC treated with nabpaclitaxel and gemcitabine, showed a distorted
collagen with low cellular content in a preclinical-clinical
study. Conversely, cancer-associated fibroblasts were
increased in gemcitabine-treated mice. In the clinical
section of this study, surgical specimen from patients
with resectable PDAC, receiving preoperative treatment
with two cycles of nab-paclitaxel and gemcitabine were
studied to determine the collagen content and cancer
associated fibroblasts density. Tumor samples of
patients treated with nab-paclitaxel plus gemcitabine,
showed a less abundant fibrillar collagen matrix around
the tumor. Consistently, cancer associated fibroblasts
were decreased in number, without effects on their
[32]
activity . Recently, a preclinical study definitively
demonstrated that nab-paclitaxel was superior to
conventional paclitaxel in blocking primary tumor
progression, depletion of tumor stroma and resulted in
[33]
a longer survival in PDAC murine models .

DEVELOPMENT OF NAB-PACLITAXEL IN
PDAC PRECLINICAL MODELS
In the context of a phase Ⅰ-Ⅱ study by Von Hoff
[29]
et al , PDAC PDX murine models were randomly
assigned to control, gemcitabine 100 mg/kg intra
peritoneally on days 1 and 5 weekly for 4 wk, nabpaclitaxel 30 mg/kg per day intravenously for 5
consecutive days, and gemcitabine plus nab-paclitaxel
in the preceding regimens for 4 wk. This study aimed
to evaluate: (1) tumor progression; (2) changes in
the pancreatic stroma; and (3) intratumoral drug
penetration. Tumor regression was observed in 18%,
36% and 64% of xenografts treated with gemcitabine,
nab-paclitaxel alone and both in combination, res
pectively. A depleted desmoplastic stroma, combined
with dilated blood vessels, was found in each of
nab-paclitaxel treatment group. Nab-paclitaxel plus
gemcitabine resulted in 2.8 fold increased intratumor concentration of gemcitabine, compared to
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Age, gender, race, region and KPS were comparable
in both study arms. No significant differences in
pancreatic tumor site, location of metastases, number
of metastatic sites, median CA19.9 levels, previous
surgical or medical treatment and biliary stent
implantation were observed between nab-paclitaxel
plus gemcitabine and single agent gemcitabine
groups. In the experimental arm, median duration
of treatment was 3.9 mo and median dose intensity
was 81% for nab-paclitaxel and 75% for gemcitabine.
Addition of nab-paclitaxel to gemcitabine increased
significantly median OS over gemcitabine alone (8.5
mo, 95%CI: 7.89-9.53 vs 6.7 mo, 95%CI: 6.01-7.23)
with a 28% reduced risk of death (HR = 0.72, 95%CI:
0.62-0.82, P < 0.001). One and two-year survival
rates were significantly higher in nab-paclitaxel
and gemcitabine group compared to gemcitabine
alone (35% vs 22%, P < 0.001 and 9% vs 4%, P =
0.02, respectively). Median PFS was prolonged by
combination schedule (5.5 mo, 95%CI: 4.5-5.9 vs 3.7
mo, 95%CI: 3.6-4.0; HR = 0.69, 95%CI: 0.58-0.82,
P < 0.001) with a significantly higher 12 mo- PFS
rate than single agent gemcitabine (16% vs 9%).
ORR was increased by addition of nab-paclitaxel to
gemcitabine vs gemcitabine alone as assessed both
by independent and investigator review (23% vs 7%,
P < 0.001 and 29% vs 8%, P < 0.001, respectively).
Notably, DCR, as evaluated by independent review,
was higher in combination than single agent arm (48%
vs 33%). Nab-paclitaxel and gemcitabine combination
benefit was consistent across the different subgroups
in terms of OS and PFS. Patients with more advanced
disease, poorer PS, presence of liver metastases,
more than 3 metastatic sites and CA19.9 higher than
59 times the upper limit of the normal range had
the highest reduction in risk of death. Most common
grade 3-4 hematologic events in the experimental
arm were neutropenia (38%), leukopenia (31%),
thrombocytopenia (13%) and most common nonhaematological events were fatigue (17%) and
[18]
peripheral neuropathy (17%) . An updated analysis
of MPACT trial with a longer median follow-up (13.9
mo) confirmed the superior OS in nab-paclitaxel plus
gemcitabine vs single agent gemcitabine group (8.7
mo vs 6.6 mo, respectively) and identified 10%, 4%
and 3% of long survivors in the combination arm at
[36]
24, 36 and 42 mo, respectively .

NAB-PACLITAXEL AND GEMCITABINE:
A STANDARD OF CARE IN METASTATIC
PDAC TREATMENT
Combination of nab-paclitaxel and gemcitabine
in metastatic PDAC patients was investigated in
an open label phase Ⅰ-Ⅱ study conducted in four
United States centers. In the phase Ⅰ part of this
trial, primary endpoint was to identify the maximum
tolerated dose (MTD) and dose-limiting toxicities
2
(DLTs) of gemcitabine 1000 mg/m followed by nab2
paclitaxel 100, 125 or 150 mg/m administered
intravenously on day 1, 8 and 15 of a 28 d cycle. DLTs
were sepsis and neutropenia and the MTD was fixed
2
at level 2 (nab-paclitaxel 125 mg/m ). Phase II part
of this study continued accrual at MTD to evaluate
activity and safety of this combination. A cohort of 67
patients was enrolled and 44 received treatment at
MTD. Median overall survival (OS) and progression
free survival (PFS) in patients treated at MTD were
12.2 and 7.9 mo, respectively. Overall response rate
(ORR) was 48% and overall disease control rate
(DCR) was 68%. Most common grade ≥ 3 toxicities
were represented by neutropenia (67%), leukopenia
(44%), thrombocytopenia (23%), fatigue (21%)
and neuropathy (15%). SPARC levels analysis was
performed by immunohistochemistry in 36 tumor
samples and patients were classified into high-SPARC
and low-SPARC. High-SPARC was related to longer
OS than low-SPARC (17.8 mo vs 8.1 mo, P = 0.0431)
and it was significant predictor for OS at multivariate
[29]
Cox regression model (P = 0.041) . Phase Ⅰ-Ⅱ
studies have been performed also in Asian patients. In
Japanese population, no differences were observed in
grade 3 or higher toxicities compared to the American
[34]
phase Ⅰ-Ⅱ study, using the same schedule . A
Chinese phase Ⅰ-Ⅱ trial evaluated a different schedule
of nab-paclitaxel plus gemcitabine. MTD was fixed
2
at nab-paclitaxel 120 mg/m in combination with
2
gemcitabine 1000 mg/m on day 1 and 8 every 3
[35]
wk .

MPACT phase III trial

The MPACT trial was an international, multicenter,
open label, randomized phase Ⅲ study involving 11
countries worldwide. Eligible patients were randomly
assigned 1:1 to receive either nab-paclitaxel 125
2
2
mg/m plus gemcitabine 1000 mg/m on days 1, 8,
15 every 4 wk or gemcitabine alone weekly for 7 of 8
wk during first cycle and days 1, 8, 15 every 4 wk in
subsequent cycles. Treatment was administered until
disease progression or unacceptable toxicity. Eighthundred sixty-one patients (431 in the experimental
arm) were enrolled and stratified according Karnofsky
Performance Status (KPS), presence of liver meta
stases and geographic region. Primary end-point
was OS; secondary objectives were PFS and ORR.
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MPACT study: post hoc analyses

Nab-paclitaxel plus gemcitabine remained an
independent predictor of improved OS and PFS also
after correction for prognostic factors. In fact, MPACT
investigators evaluated the effect of treatments
according stratification factors and known prognostic
factors (age, sex, KPS, peritoneal carcinomatosis,
primary tumor location, pulmonary metastases,
liver metastases, Whipple procedure, biliary stent
implantation, stage at diagnosis, CA19.9 level).
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Combination regimen was more effective than
[37]
gemcitabine in a larger spectrum of patients . In
addition, an elevated neutrophil to lymphocytes ratio
(NLR ≥ 5) at baseline resulted as an independent
prognostic factor related to a worse OS in an up
[36]
dated multivariate analysis . Nab-paclitaxel plus
gemcitabine combination showed activity both on
primary and metastatic lesions in terms of tumor
[38]
shrinkage benefit in a further analysis . In MPACT
trial, baseline CA19.9 levels were not a significant
predictor of survival; conversely, CA19.9 decrease
was related to better outcomes in both arms. An
exploratory analysis confirmed the CA19.9 decrease at
8 wk as an early marker of treatment efficacy in terms
[39]
of OS and ORR . A pre-specified analysis evaluated
the role of metabolic response detected by PET scan
and compared metabolic response rate with treatment
efficacy. Metabolic response rates at 8 wk as well as
best metabolic response were higher in nab-paclitaxel
plus gemcitabine arm. Metabolic response appeared
[40]
as predictor of longer OS in both study arms . Nabpaclitaxel plus gemcitabine was related to 54% of any
grade neuropathy. Majority of patients experiencing
grade 3 neuropathy, improved to grade 1 or less
within one-month. Patients who developed peripheral
neuropathy received a longer treatment and obtained
a longer OS. Survival benefit increased according to
[41]
the grade of peripheral neuropathy . An exploratory
analysis was performed in order to gain insight the
role of SPARC expression as prognostic or predictive
factor of survival. Neither baseline plasma SPARC
levels, nor changes from baseline were predictors of
OS. Stromal and tumor levels of SPARC, measured by
[42]
immunohistochemistry had no correlation with OS .
Nab-paclitaxel plus gemcitabine increased OS, PFS and
ORR, compared to gemcitabine alone in patients treated
until disease progression. Accordingly, more than 50%
of patients treated until progression received a second
[43]
line therapy . In the MPACT study 41% of patients
had a nab-paclitaxel dose reduction, 71% had a dose
delay, mostly after two cycles of treatment. In nabpaclitaxel plus gemcitabine arm, those modifications
led to a longer treatment exposure and OS respect of
[44]
patients who did not receive reductions or delays .
Forty-percent of patients treated in nab-paclitaxel and
gemcitabine group received a second line treatment,
mostly (74%) with fluoropyrimidines in combination
regimens. Second line therapies were related to a
significant benefit in OS in both study arms compared
to patients without second line therapy. Notably, OS
was significantly increased in patients treated with first
line nab-paclitaxel plus gemcitabine vs gemcitabine
[45]
alone (12.8 mo vs 9.0 mo, HR = 0.76, P = 0.015) .

malignancies and it correlates with a worse prognosis
[46,47]
and resistance to chemo- and radio-therapy
.
TH-302 is a bromo-isophosphoramide mustard
that works under conditions of hypoxia. The triplet
containing nab-paclitaxel, gemcitabine and TH-302
exhibited superior efficacy in reducing stromal density
and cell proliferation compared to TH-302 alone or
nab-paclitaxel plus gemcitabine, in human PDAC
[48]
xenograft models . Combination of nab-paclitaxel
with the oral fluoropyrimidine S-1 demonstrated to
inhibit proliferation in PDAC cell lines and to decrease
[49,50]
relative tumor volume in murine xenograft models
.
An important pathway involved in PDAC stem cells
[51]
maintenance is represented by Notch signaling .
Recently, the oncolytic adenovirus AdNuPARmE1A has
showed to interfere with Notch pathway. In PDAC PDX
mouse models, administration of nab-paclitaxel and
gemcitabine combined with AdNuPARmE1A resulted
in a higher therapeutic response than nab-paclitaxel
plus gemcitabine combination and AdNuPARmE1A
[52]
alone . Tumor microenvironment plays a crucial role
[53,54]
in PDAC aggressiveness and drug-resistance
.
In this context, pancreatic stellate cells have been
addressed as responsible for fibrosis and they have
similar characteristics to the monocyte-macrophage
lineage. Pamidronate and zoledronic acid are nitrogencontaining bisphosphonates that have showed in
vitro anti-proliferative and pro-apoptotic activity
on macrophages. In vivo, antitumor effect of nabpaclitaxel is enhanced by the combination with
[55]
bisphosphonates in PDAC PDX mouse models .
Depending on predominant signals within the tumor
microenvironment, macrophages can adopt a variety
of functional states. In particular, macrophages with
M2 phenotype acquire immuno-suppressive and
[56]
tumor-promoting features . In vitro and in vivo
studies showed that nab-paclitaxel is internalized
by macrophages via macro-pinocytosis, leading to
a polarization towards a potentially tumoricidal M1
[57]
phenotype . Insulin-like growth factor (IGF) signaling
proteins are overexpressed in PDAC, predicting poor
prognosis and higher aggressiveness. A small IGF-1
receptor and Insulin receptor reversible inhibitor
(BMS-754807) reduced PDAC relative volume when
[58]
combined with nab-paclitaxel in PDX mouse models .

Phase I-II studies

Several clinical trials in locally advanced or metastatic
PDAC treatment included nab-paclitaxel in new
therapeutic schedules. A phaseⅠstudy has investigated
the combination of FOLFOX plus nab-paclitaxel in a
cohort of 35 patients, aiming to establish the nab2
paclitaxel MTD. A dose of 150 mg/m every 2 wk was
identified as MTD and a 20% reduction in oxaliplatin
dose was recommended in patients who developed
grade 2 neuropathy. This schedule showed a promising
activity with 60% response rate and median survival
[59]
of 15 mo . The four-drug schedule combining

NOVEL INVESTIGATIONS WITH NABPACLITAXEL IN PDAC
Hypoxia represents a common feature of several
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cisplatin, nab-paclitaxel, capecitabine and gemcitabine
(PAXG) has been tested in unresectable or borderline
resectable PDAC patients. The PAXG regimen was
investigated in a phase Ⅰ trial on 24 patients with
the objective to define the recommended phase 2
2
dose (RP2D) of nab-paclitaxel. A dose of 150 mg/m
every 2 wk resulted as RP2D and major grade 3-4
toxicities were represented by neutropenia (31%),
anemia (12%), fatigue (19%), hand-foot syndrome
(12%). Disease control was obtained in all 21 patients
and 67% of them showed a partial response. Sixand twelve-months PFS rates were 96% and 50%
[60]
respectively . This novel combination was evaluated
in a randomized phase Ⅱ study in which PAXG was
compared to standard nab-paclitaxel plus gemcitabine.
Fifty-four patients with unresectable or borderline
resectable PDAC were randomized and 26 received
PAXG. Primary endpoint of the study was resectability
rate and each regimen would have been considered
active if at least 4 patients per arm underwent to
surgical resection. Both schedules resulted to be active
[61]
and 5 patients in each arm underwent to surgery .
Combination of nab-paclitaxel and gemcitabine has
been tested as a therapeutic backbone with target
agents. A phase Ib trial evaluated the addition
of erlotinib to nab-paclitaxel and gemcitabine in
previously untreated advanced PDAC patients. The
triplet was not feasible at standard dose of each
single agent and it was necessary to reduce both
2
nab-paclitaxel and erlotinib doses to 75 mg/m and
75 mg/d, respectively. Due to the small number of
patients treated at dose level 3, no valid information
[62]
about activity outcomes were obtained . Recently,
combination of nab-paclitaxel with both oral and
intravenous fluoropyrimidines has been investigated.
A single arm phase Ⅱ trial evaluated the combination
2
of capecitabine 825 mg/m orally bis in die on days
2
1-15 and nab-paclitaxel 125 mg/m intravenously on
days 1 and 8 every 3 wk as a first line treatment in 30
PDAC patients. In patients without relevant adverse
reaction after first cycle, the nab-paclitaxel dose was
2
escalated to 100 mg/m on days 1, 8, 15 every 4 wk.
ORR and DCR were 41.4% and 76%, respectively.
Major grade 3 toxicities were peripheral neuropathy
(23%), neutropenia (17%), hand-foot syndrome
[63]
(13%), and phototoxic skin reaction (10%) . A
randomized phase Ⅱ study compared the combination
2
2
of nab-paclitaxel 125 mg/m , leucovorin 400 mg/m ,
2
5-fluorouracil 400 mg/m bolus, followed by 2400
2
mg/m given as 46 h continuous infusion on day 1 and
15 every 4 wk (NABFU schedule) vs standard nabpaclitaxel plus gemcitabine. One hundred-fourteen
patients were included with 2:1 randomization in favor
of experimental arm. PFS at 4 mo was the primary
endpoint. No differences were observed between the
experimental arm and the standard treatment (55%
vs 54%). NABFU regimen resulted in a higher median
OS, as well as higher OS rates at 12 and 18 mo vs
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nab-paclitaxel plus gemcitabine (11.4 mo vs 9.2 mo,
48% vs 41% and 34% vs 31% respectively). Safety
profile was similar in both study arms, except for
grade 3 mucositis and diarrhea that were higher in the
NABFU treatment group, reflecting the fluorouracil[64,65]
related toxicities
.

PUTTING NAB-PACLITAXEL IN PDAC
LANDSCAPE: PAST, PRESENT…
Despite of promising preclinical and “early” clinical
activity, paclitaxel and docetaxel have never showed
superiority compared to gemcitabine in PDAC
[66]
therapy . Conversely, nano-technology improved
bioavailability and intratumoral delivery of paclitaxel
as well as avoided effects due to cremophor and
therefore premedication with steroids. The albuminbound formulation, acts on tumor microenvironment
and depletes stroma through interaction between
SPARC and albumin. This mechanism of action favors
gemcitabine increased intratumoral concentration,
making nab-paclitaxel an ideal partner for this drug.
Nab-paclitaxel plus gemcitabine was the first com
bination to increase survival and response rates in
metastatic PDAC treatment compared to gemcitabine
alone. This schedule represents one of the standards
of care in advanced PDAC first line treatment together
[7,67,68]
with FOLFIRINOX and single agent gemcitabine
.
Among these schedules, the most appropriate
therapeutic choice should be guided by patient-related
features (age, performance status, comorbidities,
preferences), disease characteristics (tumor burden,
metastatic sites, biliary stent implantation, bilirubin
levels), also taking into consideration previous therapies
and cost-effectiveness. In this context, FOLFIRINOX,
according to the ACCORD/PRODIGE phase Ⅱ-Ⅲ study,
could be an option in young, healthy and good
performance status patients. Single agent gemcitabine
could be used in unfit patients, with poor performance
status and few comorbidities where a doublet or
a triplet would not be feasible. Nab-paclitaxel and
gemcitabine combination appears suitable for a
broader spectrum of patients. In fact, MPACT trial
was performed on a larger and more heterogeneous
population than FOLFIRINOX and gemcitabine pivotal
trials (Table 1). This study demonstrated that nabpaclitaxel plus gemcitabine improved survival in
metastatic PDAC patients regardless to age, gender,
geographic region, KPS, primary tumor location,
presence of liver metastases, number of metastatic
sites and baseline CA19.9 PDAC incidence is higher
in elderly patients although this population is scarcely
[69]
included in clinical trials . Patients aged ≥ 75 years
were not enrolled in the ACCORD/PRODIGE study;
conversely they represented 10% of the MPACT
population. Nab-paclitaxel plus gemcitabine showed
efficacy and improved survival regardless age at a cutoff of 65 years; nevertheless data about “truly elderly”
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life data show that this number is even higher in nabpaclitaxel and gemcitabine treated subjects, reaching
[73]
more than 50% . Second-line options that have
demonstrated efficacy are oxaliplatin plus fluoro-folate
(OFF schedule) and nano-liposomal irinotecan plus
fluoro-folate according to CONKO-003 and NAPOLI-1
[74-76]
phase Ⅲ trials results, respectively
. The choice of
nab-paclitaxel as a first-line regimen allows the use
of a non-cross-resistant second-line chemotherapy
both with oxaliplatin and nano-liposomal irinotecan,
whereas FOLFIRINOX does not. Finally, the optimal
first-line therapeutic decision should take into account
treatment-related costs. Recent data show that patient
who initiated first line therapy with nab-paclitaxel plus
gemcitabine has similar treatment duration but lower
[77]
all-cause costs than FOLFIRINOX .

Table 1 Patients characteristics in metastatic pancreatic
cancer pivotal trials
Gemcitabine FOLFIRINOX Nab-paclitaxel
+ gemcitabine
Trial (yr)

Gemcitabine FOLFIRINOX Nab-paclitaxel
vs
vs
+ Gemcitabine
5-fluorouracil Gemcitabine vs Gemcitabine
(1997)
(2011)
(2013)
1
Ⅲ
Ⅱ-Ⅲ
Phase
Countries
United
France
Worldwide
statesCanadaUnited
Kingdom
Patients
126
342
861
Median age
61.5
61
62
Elderly ( ≥ 75 yr)
Yes
Yes
ECOG PS 0-1
Yes
Yes
Yes
ECOG PS 2
Yes
Yes
Biliary Stent
Yes
Yes
Yes
Multiple metastatic sites
Yes
Yes
Yes

CONCLUSION
Innovative technology, peculiar mechanism of action
and clinical activity of nab-paclitaxel have made this
molecule an intriguing weapon for further studies in
PDAC treatment. Several phase Ⅰ, Ⅱ and Ⅲ trials are
actually recruiting patients in PDAC therapy in order
to investigate nab-paclitaxel based chemotherapy plus
immunotherapy or target agents in the metastatic
setting (Table 2). Furthermore, recent data from a
randomized phase II trial suggest that sequential
administration of nab-paclitaxel on day 1, 8, 15 and
gemcitabine day 2, 9, 16 every 4 wk as first-line
therapy in metastatic PDAC, may be more effective
than a concomitant schedule and this approach
[78]
warrants further studies . Notably, combination of
nab-paclitaxel and gemcitabine is under investigation
in adjuvant setting (Table 3). APACT is a phase Ⅲ,
multicenter, open label, randomized study of nabpaclitaxel plus gemcitabine vs gemcitabine alone
in subjects with surgically resected PDAC. This trial
planned to enroll 846 patients evaluating the disease
free survival as primary endpoint and study results
are expected in the next future. Several studies are
ongoing in the locally advanced, borderline resectable
or unresectable PDAC (Table 3). In particular, LAPACT
is a phase Ⅱ, international, multicenter, open label,
single-arm study in subjects with unresectable,
locally advanced PDAC who have not received prior
treatment. Nab-paclitaxel and gemcitabine was
administered for a maximum of six cycles as induction
therapy. Only in patients without disease progression
or unacceptable toxicity, the investigator could choose
among different options: (1) continuing chemotherapy
with the same schedule; (2) chemo-radiation; and (3)
surgical resection. Primary end-point was the time to
treatment failure (time from the first day of treatment
and disease progression or death). An interim analysis
evaluated preliminary safety and efficacy data on 47 of
110 planned patients. Induction phase was completed
in 60% of patients and 40% discontinued treatment,

1

Phase not specified in the full paper. ECOG PS: Eastern Cooperative
Oncology Group Performance Status.

patients, aged over 75 years were available only on a
small proportion of subjects. Real life experiences, with
the limitation of retrospective series, suggest that the
combination schedule was feasible, active, effective
and well tolerated in elderly patients aged more than
[70,71]
70 and 75
. No data are available about the use
of FOLFIRINOX in patients with poor performance
status, in fact only subjects with ECOG PS 0-1 were
included in the pivotal trial. Addition of nab-paclitaxel
to gemcitabine did not improve survival in the KPS 70
(corresponding to ECOG PS of 2) compared to single
agent gemcitabine, although these results were limited
only to the 8% of MPACT study population. In order
to make the best therapeutic choice in this population,
physicians should differentiate between ECOG PS 2
due to “tumor burden” or due to comorbidities. In fact,
as stated by European Society for Medical Oncology
Guidelines for PDAC treatment, nab-paclitaxel plus
gemcitabine could be considered an option in patients
with ECOG PS 2 due to “heavy tumor load” for best
[72]
chance of response . Feasibility and flexibility of
nab-paclitaxel plus gemcitabine combination allow to
treat patients until disease progression. Data from
MPACT study post-hoc analysis confirm that the
higher exposure to both drugs correlates to better
outcomes. Metastatic PDAC subjects treated until
disease progression as well as receiving dose delays
or modifications within the study, had a longer OS
than patients who did not. Introduction of new, active
schedules in PDAC first line treatment let to higher
proportion of patients to benefit also from further lines
of therapy. In fact, in ACCORD/PRODIGE and MPACT
study population, 46% and 40% of patients received
a second line chemotherapy in the FOLFIRINOX and
nab-paclitaxel plus gemcitabine arm, respectively. Real
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Table 2 Principal clinical trials with nab-paclitaxel in metastatic pancreatic cancer
Study ID

Setting

Study drugs

Phase

Status

NCT02993731
NCT02101021
NCT02715804
NCT02436668
NCT02827201
NCT02767557
NCT03086369
NCT02879318
NCT02399137

Metastatic
Metastatic
Metastatic
Metastatic
Metastatic
Metastatic
Metastatic
Metastatic
Metastatic

Ⅲ

Ⅱ

Recruiting
Active not recruiting
Recruiting
Recruiting
Active not recruiting
Recruiting
Not yet recruiting
Recruiting
Recruiting

NCT02340117

Metastatic

Ⅱ

Recruiting

NCT02124317
NCT03076216
NCT02905578

Metastatic
Metastatic
Metastatic

Ⅱ

Active not recruiting
Not yet recruiting
Not yet recruiting

NCT02732938
NCT02551991

Metastatic
Metastatic

NCT03009058

Metastatic

NCT02559674

Metastatic

NCT02705196
NCT01834235

Metastatic
Metastatic

NCT01730222
NCT02620800

Metastatic
Metastatic

NCT01506973
NCT02504333
NCT02050178
NCT02309177
NCT02514031

Metastatic
Metastatic
Metastatic
Metastatic
Metastatic

NCT01934634
NCT02101580

Metastatic
Metastatic

NCT02138383
NCT02975141
NCT02227940
NCT02231723

Metastatic
Metastatic
Metastatic
Metastatic

NCT02501902

Metastatic

Nab-paclitaxel + Gemcitabine +/-Napabucasin
Nab-paclitaxel + Gemcitabine +/- Momelotinib
Nab-paclitaxel + Gemcitabine +/-PEGPH20
Nab-paclitaxel + Gemcitabine +/- Ibrutinib
Sequential Nab-paclitaxel + Gemcitabine /FOLFIRI
Nab-paclitaxel + Gemcitabine +/-tocilizumab
Nab-paclitaxel + Gemcitabine +/- Olaratumab
Nab-paclitaxel + Gemcitabine +/- Durvalumab + Tremelimumab
Nab-paclitaxel + Gemcitabine +
MM-141
Nab-paclitaxel + Gemcitabine +
SGT-53
Nab-paclitaxel + S-1
Nab-paclitaxel + Gemcitabine + ONCOsil
Nab-paclitaxel + Gemcitabine +
High-dose ascorbate
Nab-paclitaxel + Gemcitabine + PF-04136309
Nal-Iri or Gemcitabine +
Nab-paclitaxel
Nab-paclitaxel + Gemcitabine +
IMM 101
Nab-paclitaxel + Gemcitabine +
ALT-803
Nab-paclitaxel + Gemcitabine + LOAd703 oncolytic virus
Nab-paclitaxel + Gemcitabine +
NPC-1C
Nab-paclitaxel + Gemcitabine + Capecitabine + Cisplatin
Nab-paclitaxel + 5-fluorouracil + Leucovorin + Bevacizumab +
Oxaliplatin
Nab-paclitaxel + Gemcitabine + Hydroxychloroquine
Nab-paclitaxel + Gemcitabine followed by FOLFOX
Nab-paclitaxel + Gemcitabine + OMP-54F28
Nab-paclitaxel + Nivolumab +/- Gemcitabine
Nab-paclitaxel + Gemcitabine +
ARQ-761
Nab-paclitaxel + Gemcitabine + LCL161
Nab-paclitaxel + Gemcitabine +
ADI-PEG 20
Nab-paclitaxel + Gemcitabine + Enzalutamide
Nab-paclitaxel + Gemcitabine + Afatinib
Nab-paclitaxel + Gemcitabine + Ceritinib
Nab-paclitaxel + Gemcitabine +
BBI608
Nab-paclitaxel + Palbociclib

Ⅲ
Ⅲ
Ⅱ-Ⅲ
Ⅱ
Ⅱ
Ⅱ
Ⅱ

Ⅱ
Ⅱ

Ⅱ

Recruiting
Recruiting

Ⅰ-ⅱ

Not yet recruiting

Ⅰ-ⅱ

Recruiting

Ⅰ-ⅱ

Recruiting
Active not recruiting

Ⅱ

Ⅰ-ⅱ
Ⅰ-ⅱ
Ⅰ-ⅱ
Ⅰ-ⅱ
Ⅰ-ⅱ
Ⅰ
Ⅰ
Ⅰ
Ⅰ
Ⅰ

Recruiting
Recruiting
Recruiting
Recruiting
Active not recruiting
Recruiting
Recruiting
Active not recruiting
Active not recruiting

Ⅰ

Active not recruiting
Recruiting
Recruiting
Recruiting

Ⅰ

Recruiting

Ⅰ
Ⅰ
Ⅰ

Nal-Iri: Nanoliposomal irinotecan.

due to adverse events in the majority of cases. DCR
was 80% and 13% of patients underwent to surgical
resection. Major grade 3-4 toxicities were neutropenia
[79]
(45%), anemia (13%) and fatigue (11%) . Clinical
trials in neo-adjuvant treatment or in locally advanced
disease are evaluating integrated strategies containing
nab-paclitaxel with both intensity modulated, image
guided and stereotactic radiotherapy (Table 3). Actually
there are no predictive biomarkers that may guide
therapeutic choice in PDAC treatment and may help
clinicians to choose the best regimen for each patient.
An intense research is ongoing in order to investigate
the potential role of micro-RNA as predictive of
sensitivity and resistance to the drugs included in
the FOLFIRINOX and nab-paclitaxel plus gemcitabine
[80]
schedules .
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Introduction of nab-paclitaxel in Oncologist’s
portfolio of drugs has represented a very important
step forward in PDAC treatment. Nab-paclitaxel plus
gemcitabine is one of the standards of care in ad
vanced PDAC therapy and this combination is suitable
for a wide spectrum of patients with different features
and clinical presentations. This scenario could change
rapidly as the result of nab-paclitaxel anticipation in
“early settings” and further studies could be required in
order to investigate a “re-challenge” in the metastatic
disease.
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Table 3 Principal clinical trials with nab-paclitaxel in pancreatic cancer “early settings”
Study ID
NCT01964430
NCT02506842
NCT02023021
NCT02125136
NCT02243007
NCT02717091
NCT02481635
NCT01431794
NCT02588443
NCT02272738
NCT02506803
NCT02427841
NCT02550327
NCT02210559
NCT02394535
NCT02124369
NCT02043730
NCT02207465
NCT02272738
NCT01978184
NCT02427841
NCT02723331
NCT02930902

Setting

Study drugs

Phase

Status

Adjuvant
Adjuvant
Adjuvant
Neoadjuvant
Neoadjuvant
Neoadjuvant/borderline resectable
NEO/adjuvant
Neoadjuvant
NEO/adjuvant
Neoadjuvant
Neoadjuvant
Resectable
Resectable
Locally advanced
Locally advanced
Borderline unresectable
Unresectable locally advaced
Unresectable locally advanced
Unresectable locally advanced
Preoperative
Preoperative
Preoperative
Preoperative

Nab-paclitaxel + Gemcitabine vs Gemcitabine
Nab-paclitaxel + Gemcitabine vs OFF
Nab-paclitaxel + Gemcitabine
Nab-paclitaxel + Gemcitabine vs FOLFIFINOX
Nab-paclitaxel + Gemcitabine vs FOLFIFINOX
Nab-paclitaxel + Gemcitabine vs FOLFIFINOX
Nab-paclitaxel + Gemcitabine + radiotherapy
Nab-paclitaxel + Gemcitabine + LDE-225
Nab-paclitaxel + Gemcitabine + RO7009789
Nab-paclitaxel + Gemcitabine + radiotherapy
Nab-paclitaxel + Gemcitabine
Nab-paclitaxel + Gemcitabine followed by radiotherapy
Nab-paclitaxel + Gemcitabine + Cisplatin + Anakinra
Nab-paclitaxel + Gemcitabine + FG-3019
Nab-paclitaxel + Capecitabine + radiotherapy
Nab-paclitaxel + Gemcitabine
Nab-paclitaxel + Gemcitabine
Nab-paclitaxel + Gemcitabine + radiotherapy
Nab-paclitaxel + Gemcitabine
Nab-paclitaxel + Gemcitabine + Hydroxychloroquine
Nab-paclitaxel + Gemcitabine + radiotherapy
Nab-paclitaxel + Gemcitabine followed by SBRT
Nab-paclitaxel + Gemcitabine + Pembrolizumab +
Paricalcitol

ⅲ

Recruiting
Recruiting
Recruiting
Recruiting
Recruiting
Recruiting
Recruiting
Active not recruiting
Recruiting
Recruiting
Recruiting
Recruiting
Recruiting
Recruiting
Recruiting
Recruiting
Recruiting
Recruiting
Recruiting
Recruiting
Recruiting
Recruiting
Recruiting

ⅲ
ⅱ
ⅱ
ⅱ
ⅱ
Ⅰ-ⅱ
Ⅰ-ⅱ
Ⅰ
Ⅰ
Ⅰ
ⅱ
Ⅰ
Ⅰ-ⅱ
Ⅰ
ⅱ
ⅱ
Ⅰ
Ⅰ
ⅱ
ⅱ
ⅱ
Ⅰ

SBRT: Stereotactic body radiotherapy; OFF: Oxaliplatin plus fluoro-folate.

paclitaxel mechanism of action from their educational
slides kit.
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Abstract
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AIM
To investigate and compare the effects of tocotrienol
and omeprazole on gastric growth factors in rats
exposed to water-immersion restraint stress (WIRS).

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by
the Institutional Animal Care and Use Committee of Universiti
Kebangsaan Malaysia (UKMAEC approval number: 354/2011).

METHODS
Twenty-eight male Wistar rats were randomly assigned
to four groups of seven rats. The two control groups
were administered vitamin-free palm oil (vehicle) and
the two treatment groups were given omeprazole (20
mg/kg) or tocotrienol (60 mg/kg) by oral gavage. After
28 d of treatment, rats from one control group and
both treated groups were subjected to WIRS one time
for 3.5 h. Gastric lesions were measured and gastric
tissues were obtained to measure vascular endothelial
growth factor (VEGF), epidermal growth factor (EGF),
basic fibroblast growth factor (bFGF), and transforming
growth factor-alpha (TGF-α) mRNA expression.

Conflict-of-interest statement: The authors have no conflict of
interests to declare.
Data sharing statement: No additional data is available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
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the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
Rats exposed to WIRS for 3.5 h demonstrated the
presence of considerable ulcers in the form of gastric
erosion. The lesion index in the stressed control (S)
group was increased (P < 0.001) compared to the
tocotrienol treated and omeprazole treated groups.
Stress led to a decrease in gastric VEGF (P < 0.001),
bFGF (P < 0.001) and TGF-α (P < 0.001) mRNA levels
and caused an increase in EGF mRNA (P < 0.001)
that was statistically significant compared to the nonstressed control group. Although both treatment agents
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mucosal growth and proliferation. Growth factors, by
contrast, play pivotal roles in prevention and repair of
[11]
stress-induced gastric ulcers . This is particularly true
during recovery of the mucosa after stress-induced
injuries. Vascular endothelial growth factor (VEGF),
basic fibroblast growth factor (bFGF), transforming
growth factor-alpha (TGF-α) and epidermal growth
factor (EGF) are crucial for reconstruction of damaged
mucosal structures.
Among the growth factors involved, VEGF and
bFGF are important factors because of their effects
on angiogenesis. These growth factors are produced
by endothelial cells, fibroblasts, macrophages and
smooth muscle cells, and are involved in the regulation
[12]
of physiological and pathological angiogenesis .
Angiogenesis and growth factors such as bFGF and
VEGF play important roles in the repair of gastric ulcers
caused by disturbances in the balance between factors
[13]
that damage and factors that protect the stomach .
In animal studies, angiogenesis has been shown
to play a role in the process of supplying oxygen and
[14]
[15]
nutrients to ulcers of affected areas . Malara et al
demonstrated a role for VEGF and angiogenesis in
the repair of gastric ulcers caused by stress induced
in rats. Research has also shown that a significant
increase in the expression of VEGF protein followed by
the formation of new blood vessels occurred as early as
[14]
1 d after formation of the ulcers . Exogenous bFGF
was found to assist in repair of gastric ulcers and other
stress, and angiogenesis was also found to reduce
[13]
[13]
gastric acid secretion . Ernst et al
reported that
there was a reduction in stress-induced endogenous
bFGF and that this resulted in reduced gastric micro
circulation, which plays an important role in the repair
of ulcers. It is unknown if transcription of these growth
factors are activated in response to stress-induced
gastric injury.
Tocotrienol has been shown to prevent gastric
ulcer development in rats exposed to noxious stimuli
including ethanol, non-steroidal anti-inflammatory
[8,16]
drugs (NSAIDs) and stress
. Tocotrienol, in com
parison to tocopherol, was reported to be a more
[17]
potent antioxidant . Other than its antioxidant
capabilities, tocotrienol has also be shown to have anti[10]
inflammatory effects , which may play an effective
role in reducing damage to the gastric mucosa due to
stress.
The gastric ulcer formation is complex in nature
and involves multiple pathways that play a role in the
[18]
prevention and repair . The ulcer model that was
used in this study was water-immersion restraint stress
(WIRS). This experimental model was chosen because
[15,19]
of its reproducibility, reliability and validity
. This
model had been used to mimic clinical acute gastric
ulcers formation in critically ill patients and is widely
accepted for research involving the mechanism of
[10,12]
stress-induced gastric ulcers
. The present study
evaluated the limited information on the gastro
protective activity of palm-derived tocotrienol with

exerted similar ulcer reducing ability, only treatment
with tocotrienol led to increased expression of VEGF
(P = 0.008), bFGF (P = 0.001) and TGF-α (P = 0.002)
mRNA.
CONCLUSION
Tocotrienol provides gastroprotective effects in WIRSinduced ulcers. Compared to omeprazole, tocotrienol
exerts a similar protective effect, albeit through mul
tiple mechanisms of protection, particularly through
up-regulation of growth factors that assist in repair of
gastric tissue injuries.
Key words: tocotrienol; omeprazole; restraint-stress;
gastric ulcers; growth factors
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: During the process of ulcer healing, growth
factors such as epidermal growth factor, transforming
growth factor-alpha, basic fibroblast growth factor and
vascular endothelial growth factor acts by activating
the migration of cells from the edge of the ulcer
and cell proliferation together with the formation of
granulation tissue and angiogenesis. Rats exposed to
stress develop gastric mucosal ulcers and changes in
expression of these growth factors surrounding the
ulcers had been reported. Tocotrienol effects on gastric
mucosal growth factors were compared to those by
omeprazole in this study. The findings suggest that in
contrast with omeprazole, tocotrienol has a protective
effect on the gastric mucosa through its effect on these
growth factors.
Nur Azlina MF, Qodriyah HMS, Chua KH, Kamisah Y.
comparison between tocotrienol and omeprazole on gastric
growth factors in stress-exposed rats. World J Gastroenterol
2017; 23(32): 5887-5894 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i32/5887.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i32.5887

INTRODUCTION
Stress ulcers often occur in critically ill patients as
a result of major stressful events, such as trauma,
shock, surgery, sepsis and burns. The responses
to stress are both psychological and physiological.
Physiological responses include neurohormonal and
immunological activation, which includes release of
[1]
corticotropin-releasing factor , while the psychological
responses include anxiety, depression, feeling of
helplessness, fear, etc.
The pathological basis for the development of
stress ulcers is multifactorial and includes changes in
[2]
[3-5]
gastric acid secretion , oxidative stress , impaired
[6]
gastric blood flow , reduced gastric prostaglandin
[7,8]
[9,10]
synthesis
, inflammation
, and inhibition of
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relation to anti-ulcer properties and gastric growth
factors. The purpose of the study is to contribute a
better understanding of the pathophysiology of stressinduced gastric ulcers. In this study, tocotrienol was
compared to omeprazole, one of the widely used drugs
for peptic-ulcer disease in clinical settings.

(mm) was determined by measuring each lesion area.
Five petechial lesions were equal to 1 mm lesion. The
total lesion area in each group of rats were averaged
and expressed as the lesion index; this method was
[16]
modified as previously described by Aziz Ibrahim et al .

Analysis of EGF, bFGF, VEGF and TGF-α mRNA
expression

MATERIALS AND METHODS

mRNA levels of EGF, bFGF, VEGF and TGF-α from gastric
tissues were assayed according to the manufacturer’s
instructions using the standard QuantiGene Plex 2.0
assay kit (Genospectra, Fremont, CA, United States).
Briefly, tissue lysates were transferred to a capture
well in the presence of the gene-specific probe set and
then hybridized at 53 ℃ overnight. Wells were washed
twice with bDNA wash buffer and then incubated at
46 ℃ sequentially with an amplifier and an alkaline
phosphatase-labeled probe, with a wash step in
between incubations. After the final wash step, addition
of streptavidin phycoerythrin generated a signal that
was proportional to the amount of target RNA present
in the sample. The luminescence signal was detected
using a Luminex instrument. The protocol was followed
[21]
as previously described by Zhang et al .

Male Wistar rats (n = 28) were divided into four
equally sized groups. Two control groups were fed a
normal rat diet (non-stressed: NS and stressed: S),
while the treatment groups received the same diet but
with oral supplement of tocotrienol or omeprazole at
60 mg/kg or 20 mg/kg body weight, respectively, for
28 d. The tocotrienol dose was chosen based on our
previous studies that demonstrated a protective effect
[10,20]
on stress-induced gastric lesions
. The tocotrienol
and omeprazole were diluted in vitamin-free palm oil,
acting as vehicle, and administered by oral gavage
using an 18G gavage needle. Both S and NS control
groups were administered vitamin-free palm oil.
At the end of the treatment period, rats from the S
control group and both treated groups were exposed to
WIRS, by placing them in individual plastic restrainers
measuring approximately 17 cm × 5 cm and immer
sing them in water neck deep one time for 3.5 h, as
[16]
previously described by Aziz Ibrahim et al . Following
the restraining procedure, rats were sacrificed by
exsanguination under anesthesia. Stomachs were then
dissected along the greater curvature. The dissected
stomachs were taken for evaluation of gastric ulcers
and mRNA expression of gastric EGF, bFGF, VEGF, and
TGF-α. Gastric tissues were homogenized using an
Omni Bead Ruptor machine at 25 ℃ with the speed
of 8 m/s for 20 s. Homogenates were centrifuged at
1500 × g for 5 min at 4 ℃. Supernatants were then
used for mRNA analysis.
All rats were kept on a regular night/day cycle, with
natural light for a period of 12 h (0700 to 1900 h).
Throughout the feeding period, all rats were habituated
to handling to reduce stress-related disturbances. Rats
were housed in large cages with wide wire-mesh floors
to prevent coprophagy. Food and water were given ad
libitum throughout the experiment. Ethical approval
was obtained from Universiti Kebangsaan Malaysia
Animal Ethics Committee (UKMAEC). Humane methods
of euthanasia were practiced (i.e., exsanguination
under anesthesia) by following guidelines of and with
approval from UKMAEC. The anesthetic agent used
was a combination of ketamine and xylazine (1:1
ratio).

Statistical analysis

Statistical analyses were performed using PRISM
software version 6.00 (Graphpad, San Diego, CA,
United States). The results are expressed as the mean
± SE of the mean. Statistical significance (P < 0.05)
was determined by ANOVA and Tukey’s post-hoc test.

RESULTS
Macroscopic observation

Exposure to WIRS for 3.5 h caused the formation of
ulcers in the form of gastric mucosal erosion and ulcers
which were confined to the corpus of the stomach.
2
The gastric lesion index (area in mm ) in the stressed2
exposed (S) group was increased (11.92 ± 2.0 mm ;
P = 0.001) compared to the tocotrienol-treated group
2
(0.94 ± 0.30 mm ) and the omeprazole-treated group
2
(2.44 ± 0.7 mm ), as shown in Figure 1A. Rats not
exposed to stress did not develop any gastric lesions.

Quantitative changes in gastric VEGF mRNA expression
in response to stress

Figure 1B shows that VEGF mRNA expression in
stressed control rats was decreased by 45% compared
to NS rats (P < 0.0001). Pre-treatment with tocotrienol
caused a statistically significant increase in VEGF
expression compared to the stressed control group (P
= 0.0075). However, pre-treatment with omeprazole
did not enhance VEGF expression compared to the S
control group (P = 0.0593).

Assessment of stress-induced gastric lesions

The macroscopic assessment of stress-induced
gastric lesions in the gastric mucosa was performed
by two independent examiners who were blinded to
the treatment. The assessment of lesions was done
according to a semi-quantitative scale. Lesion size
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Quantitative changes in gastric EGF mRNA expression
in response to stress

Stress exposure caused an increase in EGF gene
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Figure 1 Effects of pre-treatment with tocotrienol (60 mg/kg body weight) or omeprazole (20 mg/kg body weight) on gastric lesions formation (A), and
gastric vascular endothelial growth factor (B), epidermal growth factor (C), transforming growth factor-α (D) and basic fibroblast growth factor (E) mRNA
expression in rats exposed to water immersion restraint stress (n = 7). aP < 0.05 vs NS non-stressed control (NS); cP < 0.05 vs Stressed control (S); eP < 0.05 vs
Omeprazole (OMZ + S). bFGF: Basic fibroblast growth factor; BW: Body weight; EGF: Epidermal growth factor; NS: Non-stressed; OMZ: Omeprazole; S: Stressed;
TGF-α: Transforming growth factor-alpha; TT: Tocotrienol; VEGF: Vascular endothelial growth factor.

expression (P = 0.0001). Expression was increased
in all groups exposed to stress and no differences
were observed between the three stressed groups (S,
tocotrienol-treated and omeprazole-treated) (Figure
1C), suggesting that tocotrienol and omeprazole had
no effect on EGF mRNA levels in stress-exposed rats.

to stressed control rats (P = 0.0013) and there was
no statistically significant change in bFGF levels when
compared with the NS control rats. This suggests
that pre-treatment with tocotrienol protects stressinduced rats by preventing a decrease in the level of
bFGF to a level that was similar to that observed in
the NS controls. bFGF expression in the tocotrienoltreated group was increased by 43% compared to the
omeprazole-treated group (P = 0.0492). Omeprazole
treatment had no protective effect when the bFGF
levels were similar to those observed in S rats, as
shown in Figure 1E.

Quantitative changes in gastric TGF-α mRNA expression
in response to stress

Exposure to immobilization stress caused a decrease
in expression of TGF-α in gastric tissue (Figure 1D).
Stress caused a significant reduction in the gastric
expression as shown. Pre-treatment with tocotrienol
caused an increase in TGF-α gene expression com
pared to the S control group (P = 0.0024). Similar
levels of TGF-α were observed in the NS control group.
This result suggests that tocotrienol had a protective
effect by preventing the stress-induced decrease
of TGF. By contrast, TGF-α gene expression in the
omeprazole-treated rats was decreased to levels
similar to those observed in the S control group (P >
0.999).

DISCUSSION
Various genes are regulated at different rates and
times during and after gastric mucosal injury. Most
data regarding gene expression after mucosal injury
models are taken from experimental animals. Together
with the formation of granulation tissue, blood vessel
and angiogenesis, growth factors act to enable the
migration of cells from the edge of the ulcer and induce
[7,22]
cell proliferation during the process of ulcer healing
.
For example, EGF mRNA is detected immediately after
ulcer induction, peaks during day 3, and continues to
decrease 10 d after the induction of ulcers, whereas
[23]
TGF-α mRNA expression increases 6 d after injury .
VEGF is a growth factor that helps tissue healing

Quantitative changes in gastric bFGF mRNA expression in
response to stress

Stress caused a 63% decrease in bFGF gene expression
(P = 0.0022), as compared to NS rats. bFGF expression
in the tocotrienol-treated group was increased compared
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[1]

by stimulating angiogenesis, and is also important for
[24,25]
the formation of connective tissue
. Antonisamy
[26]
et al showed that injury to the gastric mucosa through
administration of indomethacin caused a striking
decrease in VEGF content in the gastric mucosa.
Findings from this study also showed that exposure
to WIRS caused a significant decrease in VEGF gene
expression in gastric tissue compared to rats that were
not exposed to stress. In another study, pre-treatment
with a single dose of oral VEGF protected the stomach
[27]
against damage due to acute ethanol administration .
Furthermore, gastric ulcer healing was prolonged and
angiogenesis was decreased in response to a reduction
[28]
in expression of VEGF . Finally, up-regulation of
VEGF has been shown to play an important role in the
[29]
healing of acute gastric injury .
Our findings show that tocotrienol led to increased
VEGF expression in stress-induced rats. Studies that
evaluate the effect of tocotrienols on growth factor
expression in gastric ulcers are limited. δ-tocotrienol
has been shown to decrease the expression of VEGF
in tumor cells, thereby reducing angiogenesis in these
[30-32]
cells
. The tocotrienol administered in this study
contained less than 4% δ-tocotrienol and consisted
mostly of other isomers, the most being isomeric
γ-tocotrienol (approximately 50%). The effect obtained
from this study leads us to assume that the other
isomers in the tocotrienol mixture used in this study
might assist in the healing process of ulcers or provide
gastric mucosal protection against injury by promoting
the process of granulation tissue formation and angio
genesis through VEGF expression.
Unlike tocotrienol, omeprazole administration
did not decrease VEGF expression in stress-induced
rats. This is inconsistent with results from a study by
[30]
Kobayashi et al
that showed that administration of
lansoprazole (another proton pump inhibitor) led to
increased expression of the VEGF gene in rats with
gastric ulcers induced with acetic acid. These results
suggest that proton pump inhibitors have an additional
impact on protection of gastric ulcer formation (i.e.,
regulation of growth factor expression) other than
[30]
prevention of gastric acid secretion . However, this
effect was not observed in our study using omeprazole,
suggesting that not all proton pump inhibitors have
[27]
the same effect on growth factors. Abdul-Aziz et al
reported similar results, i.e., omeprazole reduced
gastric ulcers but did not enhance VEGF expression
levels.
In addition to VEGF, the growth of the mucosa is
under the influence of various other growth factors,
such as EGF and polyamines, which play important
roles in tissue maintenance and repair. EGF is secreted
into the intestinal lumen and into the bloodstream
after being produced in saliva and pancreatic gland,
[33]
and excreted via the urine as urogastrone . It is well
established that EGF is necessary for the maintenance
of mucosal integrity. Furthermore, accumulation of
EGF in the region of gastric mucosal injury promotes

WJG|www.wjgnet.com

the local lesion healing process .
[24]
Milani et al
showed that expression of growth
factors detected in gastric mucosal cells, constantly
fluctuates even under normal conditions. In the absence
of induction of lesions, vitamin E does not significantly
affect the function of growth factors where a decline
in immunoreactivity of the EGF receptor (EGF-R) has
[34]
been reported . The results of this study also showed
that rats that were not exposed to stress had low levels
of EGF gene expression. Exposure to NSAIDs causes
gastric ulcers to form and leads to decreased levels of
[26]
EGF in gastric mucosa . Increased expression of both
EGF and EGF-R in the ulcer area also contributes to the
[35]
repair process . This reaction may occur in response
to the sharp decline of this growth factor during gastric
injury.
Exposure to stress led to formation of gastric
lesions and caused an increase in gene expression
of EGF that was statistically significant compared to
the non-stressed control group. Increased expression
of EGF has been reported to accelerate healing of
gastroduodenal ulcers by increasing gastric mucin
[26]
production and reducing gastric acid secretion . This
indicates that expression of EGF levels increase in
response to injury of the gastric mucosa in order to
restore the tissue back to its original state.
In this study, however, pre-treatment with toco
trienol or omeprazole did not change gastric tissue
EGF expression; expression of EGF remained elevated
in stress-exposed rats compared to rats that were not
exposed to stress. This may have occurred due to the
presence of gastric tissue injury in the treatment group
that could have led to increased expression of EGF,
which accelerates the recovery of gastric tissue caused
[34]
by stress. Studies by Qodriyah et al
showed that
EGF levels were increased compared to the control
group under normal conditions after 8 wk of palm
vitamin E (PVE) treatment. The results of their study
suggest that, under normal circumstances, vitamin
E also enhances expression of EGF. While in a state
of gastric injury due to NSAIDs, expression of EGF
[34]
remained elevated after pre-treatment with PVE ,
consistent with the results of this study.
EGF released from the salivary glands and TGF-α
from the gastric mucosa act to maintain mucosal
integrity and recovery during gastric mucosal injuries.
Both these growth factors produce the same biological
activities during recovery. For example, TGF-α and
bFGF levels change when an injury occurs in the
gastric mucosa. In this study, exposure to stress
caused a significant decrease in bFGF gene expression.
bFGFs have been shown to play a role in both angio
[36,37]
genesis and recovery of gastric ulcers in rats
. bFGF
activation occurs in response to injury of the gastric
mucosa, as demonstrated by the increased expression
[38]
observed near ulcers . Administration of bFGF (100
ng) locally into ulcers or systemically caused significant
[37]
recovery in acetic acid-induced gastric ulcers . bFGFs
are also known to stimulate synthesis of prostaglandins
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[30,39]

locally
, leading to increased formation of blood
[14,40]
vessels
as well as proliferation of endothelial
[41]
cells , sustaining and assisting the recovery of gastric
tissues in the event of injury.
Pre-treatment with tocotrienol in this study led to
increased expression of bFGF in rats that were exposed
to stress. Vitamin E at 150 mg/kg has been shown
to improve bFGF expression in mice that developed
[34,42]
gastric mucosal injury due to NSAID exposure
.
[42]
Rashid et al showed that tocotrienol increased bFGF
levels, thus reducing the formation of scar tissue.
However, our study found that omeprazole had no
effect on bFGF gene expression, which is in contrast
to the tocotrienol-treated group. Studies that examine
bFGF expression in response to omeprazole treatment
[43]
are limited. Tsuji et al
found that administration
of lansoprazole, also a proton pump inhibitor, helped
repair gastric ulcers by increasing bFGF levels at the
edge of the ulcer border. Pantoprazole helped promote
angiogenesis in gastric lesions induced by NSAIDs
[44]
through increased expression of bFGF . This effect,
however, was not observed with pre-treatment of
omeprazole in this study.
Growth factors such as EGF, TGF-α, bFGF and VEGF
activate migration and proliferation of cells at the edge
of the ulcer and promote the formation of granulation
tissue and angiogenesis during the process of ulcer
[22]
repair . EGF is required to maintain the integrity
of gastric mucosa and promotes healing of injured
[26]
tissue . TGF-α accelerates replacement of the
epithelium and regulates regeneration of epithelial cells
[33]
in gastric tissues . VEGF assists in repair of ulcers by
stimulating angiogenesis and remodeling of connective
[24]
tissues , while bFGF has been known to stimulate
synthesis of local prostaglandins, which ultimately
[14,40]
leads to increased formation of blood vessels
[41]
and endothelial cell proliferation . This assists in
maintenance and recovery of gastric tissue in the
event of injury. The results of this study suggest that in
contrast with omeprazole, tocotrienol has a protective
effect on the gastric mucosa through regulation of
these growth factors.
Here, we show that tocotrienol provides a gastro
protective effect in WIRS-induced ulcers and exerts
similar effectiveness when compared to omeprazole.
However, it displays a more diverse mechanism of
protection, particularly through increased expression of
bFGF, TGF-α and VEGF in a stress-induced gastric ulcer
rat model in comparison to omeprazole. Thus, the
effect of tocotrienol might be of therapeutic interest for
the prevention and repair of gastric mucosal injuries
due to other mechanisms.
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Abstract
AIM
To investigate the effect of (-)-epigallocatechin-3-gallate
(EGCG) on polyinosinic-polycytidylic acid (poly I:C)triggered intracellular innate immunity against hepatitis
C virus (HCV) in hepatocytes.
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METHODS
A cell culture model of HCV infection was generated by
infecting a hepatoma cell line, Huh7, with HCV JFH-1
strain (JFH-1-Huh7). Poly I:C with a high molecular
weight and EGCG were used to stimulate the JFH-1Huh7 cells. Real-time reverse transcription-polymerase
chain reaction was used to detect the expression
levels of intracellular mRNAs and of intracellular and
extracellular HCV RNA. Enzyme-linked immunosorbent
assay was used to evaluate the interferon (IFN)-λ1
protein level in the cell culture supernatant. Immuno
staining was used to examine HCV core protein
expression in Huh7 cells.
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RESULTS
Our recent study showed that HCV replication could
impair poly I:C-triggered intracellular innate immune
responses in hepatocytes. In the current study, we
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HCV infection causes liver diseases ranging from mild
to moderate and severe, such as hepatitis, cirrhosis,
[3]
and hepatocellular carcinoma . The host immune
responses play pivotal roles in the pathogenesis of viral
infection, and the interplays of host antiviral immunity
[4]
and HCV determine the outcomes of HCV infection .
It has been demonstrated that host immune res
ponses are triggered by HCV, however, it is less
effective in clearing the virus and leading a high rate
[5]
of chronic infection in the majority of cases . Acute
HCV infection is accompanied by a spontaneous viral
[2]
clearance in only about 20% to 30% of the subjects .
Recent studies showed that HCV has evolved several
strategies to escape the attacks mediated by the host
[6]
antiviral immunity . Nonstructural (NS) 3/4A protease
encoded by HCV genome has been showed to be
able to impair the host antiviral innate immunity by
disrupting the signaling of several pattern recognition
receptors (PPRs), such as Toll-like receptor 3 (TLR3)
[7-9]
and retinoic acid-inducible gene I (RIG-I)
. HCV
NS4B blocks interferon (IFN) production by disrupting
the interaction of STING with mitochondrial antiviral
[10,11]
signaling protein (MAVS) and TBK1
. Furthermore,
host genetic factors play important roles in controlling
HCV infection. Studies have shown that polymorphisms
located in the IFN-λ region are related with the rate
of viral clearance in HCV-infected individuals without
treatment, as well as the sustained viral response
[12-15]
(SVR) rate to the IFN-α-based treatment
. To date,
tremendous progress has been made in understanding
the biology of HCV and its related disease. Important
advances in characterizing the HCV life cycle have
led to the discovery of direct-acting antivirals (DAAs),
which were developed for the effective treatment
[16,17]
of chronic HCV infection
. However, it is still cha
llenging to dramatically decrease the incidence of HCV
infection in the near future. High costs, low barrier
to resistance-associated mutations, viral reinfection,
failure of the DAAs in HCV-induced liver diseases, and
lack of effective vaccines are obstacles to overcoming
[2]
HCV infection globally .
(-)-Epigallocatechin-3-gallate (EGCG), the most
abundant and bioactive catechin in green tea,
possesses various physiological and pharmacological
[18-20]
benefits to human health. Previous studies
revealed that EGCG exhibits abilities against viral
infection and can prevent cardiovascular diseases,
metabolic syndrome, neurodegenerative diseases,
and cancer. It has been shown that EGCG can inhibit
the replication of several viruses, such as human
[19]
[21]
immunodeficiency virus , herpes simplex virus ,
[22]
[23,24]
as well as influenza virus . Recent studies
have
revealed that EGCG can act as an inhibitor of HCV
entry and limit intercellular spread of HCV. EGCG is a
potent antioxidant that has both anti-inflammatory and
[25-27]
[27]
anti-atherogenic properties
. Our previous study
indicated that EGCG inhibits lipopolysaccharide-induced
inflammatory cytokine expression in microvascular

showed that EGCG treatment significantly increased
the poly I:C-induced expression of Toll-like receptor 3
(TLR3), retinoic acid-inducible gene I, and IFN-λ1 in
JFH-1-Huh7 cells. In addition, supplementation with
EGCG increased the poly I:C-mediated antiviral activity
in JFH-1-Huh7 cells at the intracellular and extracellular
HCV RNA and protein levels. Further investigation
of the mechanisms showed that EGCG treatment
significantly enhanced the poly I:C-induced expression
of IFN-regulatory factor 9 and several antiviral IFNstimulated genes, including ISG15 , ISG56 , myxovirus
resistance A, and 2’-5’-oligoadenylate synthetase 1,
which encode the key antiviral elements in the IFN
signaling pathway.
CONCLUSION
Our observations provide experimental evidence that
EGCG has the ability to enhance poly I:C-induced
intracellular antiviral innate immunity against HCV
replication in hepatocytes.
Key words: (-)-Epigallocatechin-3-gallate; Toll-like
receptor 3; Retinoic acid-inducible gene I; IFN-λ1;
Hepatitis C virus; IFN-stimulated genes
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The interactions between hepatitis C virus
(HCV) and the host immune system in the liver play a
key role in the immunopathogenesis of HCV-induced
diseases. We showed here that (-)-epigallocatechin-3gallate (EGCG) treatment could significantly increase
the poly I:C-induced expression of TLR3, RIG-I and
interferon (IFN)-λ1 in JFH-1-Huh7 cells. In addition,
supplementation with EGCG enhanced poly I:C-mediated
viral inhibition in JFH-1-Huh7 cells at both RNA and
protein levels. Further investigation of the mechanisms
showed that EGCG treatment significantly enhanced
the poly I:C-induced expression of IFN-regulatory
factor 9 and several IFN-stimulated genes. It would
be interesting to investigate the possible use of EGCG
in combination with current antiviral drugs for HCV
therapy.
Wang YZ, Li JL, Wang X, Zhang T, Ho WZ. (-)-Epigallocatechin3-gallate enhances poly I:C-induced interferon-λ1 production
and inhibits hepatitis C virus replication in hepatocytes. World J
Gastroenterol 2017; 23(32): 5895-5903 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i32/5895.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i32.5895

INTRODUCTION
Hepatitis C virus (HCV) is a hepatotropic virus, which
holds a single-stranded, positive-sense RNA genome
[1]
of 9.6 kb in length . Currently, around 150 million
[2]
people are chronically infected with HCV worldwide .
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[33]

of 0.01) were carried out as previously described .
HCV JFH-1 infection of Huh7 cells was analyzed by
immunostaining with mouse anti-HCV core antibody
or by real-time reverse transcription-polymerase chain
reaction (RT-PCR) for HCV RNA. LyoVec transfection
reagent and poly I:C with a high molecular weight
were purchased from InvivoGen (San Diego, CA,
United States). An enzyme-linked immunosorbent
assay (ELISA) kit for IFN-λ1 was purchased from
eBioscience Inc. (San Diego, CA, United States).
Mouse antibody against the HCV core antigen was
purchased from ABR Affinity BioReagents, Thermo
Scientific (Rockford, IL, United States). Hoechst 33342
was purchased from Molecular Probes (Carlsbad, CA,
United States).

Table 1 Primers used for real-time reverse transcriptionpolymerase chain reaction
Primer
GAPDH
IFN-λ1
TLR3
RIG-I
IRF-9
ISG15
ISG56
MxA
OAS-1
HCV

Orientation

Sequences (5’-3’)

Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

GGTGGTCTCCTCTGACTTCAACA
GTTGCTGTAGCCAAATTCGTTGT
CTTCCAAGCCCACCCCAACT
GGCCTCCAGGACCTTCAGC
AGCCACCTGAAGTTGACTCAGG
CAGTCAAATTCGTGCAGAAGGC
CTTGGCATGTTACACAGCTGAC
GCTTGGGATGTGGTCTACTCA
GCATCAGGCAGGGCACGCTGCACCCG
GCCTGCATGTTTCCAGGGAATCCGG
GGCTGGGAGCTGACGGTGAAG
GCTCCGCCCGCCAGGCTCTGT
TTCGGAGAAAGGCATTAGA
TCCAGGGCTTCATTCATAT
GCCGGCTGTGGATATGCTA
TTTATCGAAACATCTGTGAAAGCAA
AGAAGGCAGCTCACGAAACC
CCACCACCCAAGTTTCCTGTA
RAYCACTCCCCTGTGAGGAAC
TGRTGCACGGTCTACGAGACCTC

EGCG treatment and poly I:C stimulation

The JFH-1-infected Huh7 cells (72 h post-infection)
were treated with EGCG (1-10 μmol/L) for 1 h prior to
poly I:C (1 μg/mL) stimulation with LyoVec transfection
reagent. The cells were collected for total RNA
extraction after 24 h or 48 h of stimulation, and the
supernatant (SN) was collected for ELISA after 48 h of
stimulation. As a negative control of the transfection
experiment, cells were incubated with the LyoVec
transfection reagent without poly I:C.

HCV: Hepatitis C virus; GAPDH: Glyceraldehyde-3-phosphate
dehydrogenase; IFN: Interferon; TLR3: Toll-like receptor 3; RIG-I: Retinoic
acid-inducible gene I.

endothelial cells. In addition, EGCG exhibits anticancer
functions through inhibition of proteasome activity
[28,29]
and induction of endoplasmic reticulum stress
.
Furthermore, it was also shown that EGCG increases
the formation of lipid droplets and inhibits the secretion of
[30]
very low-density lipoproteins in human hepatocytes .
Our recent study showed that HCV replication
could impair the polyinosinic-polycytidylic acid (poly
I:C)-triggered intracellular innate immune signaling
[31]
pathway in hepatocytes . Furthermore, we showed
that EGCG possesses the ability to increase HCV
dsRNA intermediate-induced expression of IFN-λ1
[32]
and IFN-stimulated genes (ISGs) . In this study, we
investigated the effect of EGCG on poly I:C-induced
IFN pathway activation and its antiviral activities.

RNA extraction and real-time RT-PCR

Total RNA from the cultured cells or SN was extracted
with TRI Reagent (Molecular Research Center,
Cincinnati, OH, United States) and subjected to reverse
transcription (RT) using the RT system (Promega,
Madison, WI, United States) with random primers for 1
h at 42 ℃. The reaction was terminated by incubating
the reaction mixture at 99 ℃ for 5 min, and the
mixture was kept at 4 ℃. The resulting cDNA was used
as a template for quantitative real-time PCR. Realtime PCR was performed with 1/10 of the cDNA with
the iQ SYBR Green Supermix (Bio-Rad Laboratories,
Hercules, CA, United States). The amplified products
were visualized and analyzed using the software MyiQ
provided with the thermocycler (iCycler iQ real-time
PCR detection system; Bio-Rad Laboratories). The
oligonucleotide primers were synthesized by Integrated
DNA Technologies, Inc. (Coralville, IA, United States),
and the sequences are shown in Table 1. The cDNA
was amplified by PCR, and the products were
measured using SYBR green I (Bio-Rad Laboratories,
Inc., Hercules, CA, United States). The data were
normalized to the level of glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) and presented as the change
in induction relative to that of the untreated control
cells.

MATERIALS AND METHODS
EGCG

EGCG (purity, ≥ 95%) was purchased from SIGMAALDRICH, St. Louis, MO, United States (CAS#:
989-51-5; Cat# E4143). EGCG stock solution was
prepared with sterile double distilled water at a con
centration of 20 mmol/L.

Cells, virus, and reagents

The hepatoma cell line (Huh7), provided by Dr.
Charles Rice (Rockefeller University, NY, United
States), was maintained in Dulbecco’s modified
Eagle’s medium supplemented with 10% fetal bovine
serum, penicillin (100 U/mL), and streptomycin (100
mg/mL). The generation of infectious HCV JFH-1
and infection of Huh7 cells (multiplicity of infection

WJG|www.wjgnet.com

ELISA

IFN-λ1 protein expression was evaluated by ELISA.
SN collected from EGCG and/or poly I:C-treated Huh7
cell cultures was directly tested for IFN-λ1 protein
levels by ELISA, which was performed according to the
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Figure 1 (-)-Epigallocatechin-3-gallate enhances poly I:C-induced interferon-λ1 expression in JFH-1-Huh7 cells. JFH-1-infected Huh7 cells (72 h postinfection) were treated with EGCG at the indicated concentrations for 1 h prior to poly I:C (1 μg/mL) stimulation. Total RNA extracted from cells after 24 h of stimulation
was subjected to real-time reverse transcription-polymerase chain reaction for the determination of IFN-λ1 and glyceraldehyde-3-phosphate dehydrogenase mRNA
levels. The data are expressed as IFN-λ1 mRNA (A) levels relative (fold) to the control (vehicle only, which is defined as 1). After 48 h of stimulation, the supernatant (SN)
was collected from the cell cultures for the determination of IFN-λ1 protein levels by enzyme-linked immunosorbent assay (B). The results shown are the mean ± SD
of triplicate measurements representative of three experiments (Poly I:C vs LyoVec, aP < 0.05, bP < 0.01). IFN: Interferon; EGCG: (-)-Epigallocatechin-3-gallate.
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Figure 2 (-)-Epigallocatechin-3-gallate increases poly I:C-induced TLR3 and RIG-I mRNA expression in JFH-1-infected Huh7 cells. JFH-1-infected Huh7 cells
(72 h post-infection) were treated with (-)-epigallocatechin-3-gallate (EGCG) at the indicated concentrations for 1 h prior to poly I:C (1 μg/mL) stimulation. Total RNA
extracted from the cells after 24 h of stimulation was evaluated for TLR3 (A) and RIG-I (B) gene expression by real-time RT-PCR. The results shown are the mean ±
SD of triplicate measurements representative of three experiments (Poly I:C vs LyoVec, aP < 0.05, bP < 0.01). TLR3: Toll-like receptor 3; RIG-I: Retinoic acid-inducible
gene I.

manufacturer’s instructions.

production (Figure 1B), in a dose-dependent manner,
whereas EGCG treatment alone had a negligible effect
[32]
on IFN-λ1 expression in JFH-1-infected Huh7 cells .

Statistical analysis

Student’s t-test was used to evaluate the significance
of difference between the groups, and multiple
comparisons were performed by regression analysis
and one-way analysis of variance. All data are pre
sented as the mean ± SD. Statistical analyses were
performed with SPSS 11.5 for Windows. Statistical
significance was defined as P < 0.05.

EGCG enhances poly I:C-induced TLR3 and RIG-I mRNA
expression in JFH-1-Huh7 cells

TLR3 and RIG-I are major cellular receptors that
recognize pathogen-associated molecular patterns
(PAMPs) during RNA virus infections. While EGCG (at a
concentration lower than 10 μmol/L) treatment alone
[32]
showed little effect on TLR3 and RIG-I expression ,
EGCG significantly increased the poly I:C-induced
mRNA expression of TLR3 (Figure 2A) and RIG-I (Figure
2B) in JFH-1-Huh7 cells.

RESULTS
EGCG enhances poly I:C-induced IFN-λ 1 expression in
JFH-1-Huh7 cells

EGCG contributes to poly I:C-mediated inhibition of
HCV replication

In order to test the effect of EGCG on poly I:C-induced
IFN-λ1 expression, we treated JFH-1-Huh7 cells (72 h
post-infection) with EGCG (1-10 μmol/L) for 1 h before
poly I:C treatment. The data showed that EGCG could
significantly increase poly I:C-mediated IFN-λ1 mRNA
expression (Figure 1A), as well as IFN-λ1 protein
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[32]

Our previous study
showed that when we treated
JFH-1-Huh7 cells with EGCG (1-10 μmol/L) alone,
EGCG could not inhibit viral replication. We found that
poly I:C treatment also had limited antiviral effect on
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Figure 3 (-)-Epigallocatechin-3-gallate contributes to poly I:C-mediated inhibition of hepatitis C virus replication. JFH-1-infected Huh7 cells (72 h postinfection) were treated with EGCG at the indicated concentrations for 1 h prior to poly I:C (1 μg/mL) stimulation. Intracellular (A) and extracellular (B) RNA was
extracted from the JFH-1-infected Huh7 cells or culture SN after 48 h of stimulation and subjected to real-time reverse transcription-polymerase chain reaction for
HCV and GAPDH RNA quantification. The intracellular hepatitis C virus (HCV) RNA level is expressed as the HCV RNA level relative (%) to the control (vehicle only,
which is defined as 100%). Extracellular RNA levels are expressed as copies/mL. The results shown are the mean ± SD of triplicate cultures representative of three
experiments (Poly I:C vs LyoVec, aP < 0.05, bP < 0.01). HCV core protein expression (C) was determined by immunofluorescence staining with an antibody against the
HCV core protein (green) after 48 h of stimulation. The nuclei were stained with Hoechst 33342 (blue). One representative experiment is shown (original magnification:
× 200). EGCG: (-)-Epigallocatechin-3-gallate.

the HCV-infected Huh7 cells (Figure 3). When the JFH1-Huh7 cells were treated with EGCG 1 h before poly I:
C stimulation, EGCG enhanced the poly I:C-mediated
HCV inhibition in Huh7 cells in a dose-dependent
manner (Figure 3). The inhibition of HCV by EGCG and
poly I:C was confirmed by examining the intracellular
(Figure 3A) and extracellular levels (Figure 3B) of HCV
RNA and the level of HCV core protein (Figure 3C).

ISGs, we further investigated the impact of EGCG on
poly I:C-induced IRF-9 mRNA expression. While EGCG
alone had little impact on IRF-9 mRNA expression (data
not shown), EGCG pretreatment could significantly
enhance poly I:C-induced IRF-9 mRNA expression in
JFH-1-Huh7 cells (Figure 4).

EGCG enhances poly I:C-induced IRF-9 expression in
JFH-1-Huh7 cells

EGCG dose-dependently enhanced the poly I:C-induced
expression of ISG15 (Figure 5A), ISG56 (Figure 5B),
MxA (Figure 5C), and OAS-1 (Figure 5D) in JFH-1-

EGCG enhances poly I:C-induced expression of ISGs in
JFH-1-Huh7 cells

As IRF-9 plays a critical role in the induction of antiviral
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front line of host defenses against pathogen infections.
TLRs and RIG-I-like receptors (RLRs) are major
cellular receptors that recognize PAMPs during viral
[37]
infections . Among these TLR members, TLR3 is
triggered by dsRNAs from the genome of some RNA
viruses or intermediates formed during viral genome
[38,39]
replication, such as HCV dsRNA intermediates
.
In addition to TLR3, RIG-I has been demonstrated
to recognize HCV genome, inducing immune anti
viral responses through the type I IFN signaling
[40]
activation . Our data showed that EGCG enhanced
poly I:C-induced TLR3 and RIG-I expression in HCVinfected hepatocytes, which may contribute to the
activation of IFN signaling to inhibit viral replication.
In order to maintain a persistent infection, HCV
evolves several strategies to escape host antiviral
[6]
immune responses . It has been shown that a pro
tease of HCV, NS3/4A, could disrupt both TLR3 and
RIG-I activation through cleaving the cellular adaptor
[7-9]
molecules, TRIF and MAVS, respectively . HCV NS4B
blocks IFN production by disrupting the interaction of
[10,11]
STING with MAVS and TBK1
. Studies also revealed
that HCV impairs IRF-7 translocation, and inhibits both
[31,41,42]
IFN-α and IFN-λ1 expression in hepatocytes
.
Therefore, how to rescue the host antiviral immunity
impaired by existing viruses is very important for the
HCV eradication. In the current study, we found that
EGCG enhanced poly I:C-induced IFN-λ1, TLR3, RIG-I
and ISGs expression in JFH-1-Huh7 cells, showing that
EGCG could improve intracellular antiviral immune
responses in viral-infected cells.
In recent years, the development of effective DAAs
has greatly increased the opportunity to cure HCV
and achieve a milestone of HCV therapy. Following
the approval of high effective DDAs in 2013, all-oral,
IFN-free regimens were available for chronic HCV
[43]
management . Clinical applications of DAAs including
inhibitors of NS3/4A, NS5A, and NS5B nucleotide or
non-nucleotide inhibitors can achieve a high SVR rate
[2,44]
of 90% to 100%
. However, challenges still exist
in the future management of HCV infection. DAAs
are unavailable in poor areas and most of developing
countries due to the high prices. It is also important to
investigate the clinical effects of DAAs on advanced or
decompensated liver diseases caused by HCV, as well
as the clinical use of DAAs in HCV-infected children
[45]
and pregnant women . In addition, the majority of
current DAAs have a low barrier to resistance, which
leads to a high risk of selection of drug-resistant viral
[46]
strains . In the absence of an effective vaccine against
HCV, reinfection is probable in cured patients under
[16]
continuous HCV exposure .
In summary, EGCG enhances both poly I:C- and
HCV dsRNA intermediate-induced innate immune
[32]
responses in hepatocytes . It would be interesting to
investigate the possible use of EGCG in combination
with current antiviral drugs for HCV therapy in the
future.
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Figure 4 (-)-Epigallocatechin-3-gallate increases poly I:C-induced IRF-9
expression in JFH-1-Huh7 cells. JFH-1-infected Huh7 cells (72 h postinfection) were treated with EGCG at the indicated concentrations for 1 h prior
to poly I:C (1 μg/mL) stimulation. Total RNA extracted from the cells after 24 h
of stimulation was subjected to real-time reverse transcription-polymerase chain
reaction for the analysis of IRF-9 gene expression. The results shown are the
mean ± SD of triplicate measurements representative of three experiments (Poly
I:C vs LyoVec, aP < 0.05, bP < 0.01). EGCG: (-)-Epigallocatechin-3-gallate.

infected cells. However, EGCG treatment alone showed
a negligible impact on the expression of those ISGs
(data not shown).

DISCUSSION
In the current study, we showed that EGCG could
enhance the poly I:C-induced innate immune res
ponses in hepatocytes, which contributed to poly I:
C-mediated HCV inhibition. Although poly I:C could
induce the expression of IFN-λ 1 and several antiviral
ISGs in JFH-1-infected Huh7 cells, the expression level
[31]
was restricted by existing virus . Our data indicated
that EGCG significantly enhanced the poly I:C-induced
expression of IFN-λ 1, TLR3, RIG-I, ISG15, ISG56,
MxA, and OAS-1 in JFH-1-infected Huh7 cells. More
importantly, pretreatment with EGCG enhanced poly
I:C-mediated viral inhibition in JFH-1-infected cells. It
has been demonstrated that IFN-λ could inhibit HCV
replication, and recombinant IFN-λ1 was used as an
[34,35]
antiviral drug in HCV treatment trials
. The basic
level of IFN-λ1 is very low in human hepatocytes,
but it could be triggered by viral infections through
[31,36]
activation of PPRs, such as TLR3
. Our previous
[31]
study
indicated that poly I:C treatment induces
IFN-λ1 expression; however, HCV replication could
impair the poly I:C-triggered TLR3 signaling pathway
and decrease IFN-λ1 induction in Huh7 cells. In
addition, HCV induced IFN-λ1 expression in primary
[36]
human hepatocytes could resist against HCV . Thus,
the anti-HCV effect mediated by EGCG and poly I:
C combination treatment in JFH-1-infected cells was
likely through the enhancement of intracellular IFN-λ1
expression.
The interplays of HCV and the host antiviral
immunity play important roles in the pathogenesis
of HCV-related diseases. The innate immunity is the

WJG|www.wjgnet.com

5900

August 28, 2017|Volume 23|Issue 32|

Wang YZ et al . EGCG and poly I:C inhibit HCV

20

b
a

60

b
40

a

a

20
0

C
1000
MxA mRNA (fold of control)

B

a

Poly I:C

Control LyoVec

0

a

Poly I:C

800
b

600

b

b

400
200
6
4
2
0

b

a

Control LyoVec

0

1
5
10
EGCG (μmol/L)

b

15

a

10

a

5
0

D

a

Poly I:C

a

1
5
10
EGCG (μmol/L)

OAS-1 mRNA (fold of control)

ISG15 mRNA (fold of control)

80

ISG56 mRNA (fold of control)

A

1200

Control LyoVec

0

1
5
10
EGCG (μmol/L)
a

Poly I:C

b

800
600

b

b

400
200
6
4
2
0

b

a

1000

Control LyoVec

0

1
5
10
EGCG (μmol/L)

Figure 5 Effect of (-)-epigallocatechin-3-gallate on poly I:C-induced ISGs expression in JFH-1-infected Huh7 cells. JFH-1-infected Huh7 cells (72 h postinfection) were treated with EGCG at the indicated concentrations for 1 h prior to poly I:C (1 μg/mL) stimulation. Total RNA extracted from the cells after 24 h of
stimulation was subjected to real-time reverse transcription-polymerase chain reaction for the determination of ISG and glyceraldehyde-3-phosphate dehydrogenase
mRNA levels. The data are expressed as ISG15 (A), ISG56 (B), MxA (C), and OAS-1 (D) mRNA levels relative (fold) to the control (vehicle only, which is defined
as 1). The results shown are the mean ± SD of triplicate measurements representative of three experiments (Poly I:C vs LyoVec, aP < 0.05, bP < 0.01). EGCG:
(-)-Epigallocatechin-3-gallate.
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AIM
to evaluate the effects of phosphatase and tension
homologue deleted on chromosome ten (PTEN ) gene
on collagen metabolism in hepatic fibrosis and the
underlying mechanisms.
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METHODS
Rat primary hepatic stellate cells (HSCs) and human
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LX-2 cells were transfected with adenovirus containing
cDNA constructs encoding wild-type PTEN (Ad-PTEN),
PTEN mutant G129E gene (Ad-G129E), and RNA
interference constructs targeting the PTEN sequence
PTEN short hairpin RNA to up-regulate and downregulate the expression of PTEN . HSCs were assayed
using fluorescent microscopy, real-time polymerase
chain reaction, and western blotting. Moreover, a CCl4induced rat hepatic fibrosis model was established
to investigate the in vivo effects. Hematoxylin and
eosin, and Masson’s trichrome were used to assess
the histological changes. The expression of collagen Ⅰ
and Ⅲ was assessed using immunohistochemistry and
western blot analysis.

INTRODUCTION
Cirrhosis, with its manifestation of liver fibrosis,
[1,2]
represents a major medical problem worldwide .
Hepatic stellate cells (HSCs) are one of the cell
types that play a critical role in the development
and maintenance of liver fibrosis. Under fibrogenic
conditions, HSCs undergo a complex activation
process with morphological and phenotypic changes
from quiescent vitamin A-storing cells to activated
myofibroblast-like cells under fibrogenic conditions,
resulting in increased synthesis and deposition of
extracellular matrix (ECM) components, such as
[3,4]
collagen Ⅰ .
Phosphatase and tension homologue deleted on
chromosome ten (PTEN) is the first tumor-suppressing
gene found to inhibit the proliferation and promote
[5,6]
the apoptosis of tumor cells . PTEN has pleiotropic
effects including pulmonary fibrosis, renal fibrosis, and
[7-10]
cardiac interstitial fibrosis
. The absence of PTEN in
specific hepatic cells leads to not only hepatocellular
carcinoma but also nonalcoholic steatohepatitis,
which has been found to be associated with hepatic
[11]
fibrosis .
A previous study showed that the expression
of PTEN was decreased in rat fibrotic liver tissues
[12]
and HSCs induced by bile duct ligation in vivo .
During the reversal of liver fibrosis, pretreated PTEN
mRNA and protein expression normalized, showing
the relationship between PTEN and the severity of
[13]
rat hepatic fibrosis . The study presented herein
investigated the in vitro and in vivo effects of PTEN on
liver fibrosis using adenoviral transduction of wild-type
PTEN (Ad-PTEN), mutant PTEN (Ad-G129E), and PTEN
short hairpin RNA (PTEN shRNA) to better characterize
the molecular mechanisms of PTEN in liver fibrosis.

RESULTS
Elevated expression of PTEN gene reduced serum levels
of alanine transaminase and aspartate transaminase,
decreased collagen deposition in the liver, and reduced
hepatocyte necrosis. In contrast, knockdown of PTEN
expression had an opposite effect, such as increased
collagen deposition in the liver, and was molecularly
characterized by the increased expression of matrix
metalloproteinase (MMP)-13 (P < 0.01) and MMP-2 (P
< 0.01), as well as decreased expression of the tissue
inhibitor of metalloproteinase (TIMP)-1 (P < 0.01) and
TIMP-2 (P < 0.01).
CONCLUSION
These data indicated that gene therapy using recom
binant adenovirus encoding PTEN might be a novel way
of treating hepatic fibrosis.
Key words: Collagen metabolism; hepatic stellate
cells; Phosphatase and tension homologue deleted on
chromosome ten; PTEN; gene therapy; hepatic fibrosis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Phosphatase and tension homologue deleted
on chromosome ten (PTEN) has a negative relation with
the activation and proliferation of hepatic stellate cells
(HSCs), which is the central event in liver fibrogenesis
as HSCs are the major source of collagens and matrix
metalloproteinases in fibrotic liver. In this study,
adenoviruses containing cDNA constructs encoding
wild-type PTEN (Ad-PTEN) and PTEN mutant G129E
gene (Ad-G129E) were constructed to over-express
the PTEN gene in both rat primary HSCs and human
LX-2 cells as well as in the CCl4-induced rat liver fibrosis
model. The adenovirus-mediated over-expression of
the PTEN gene attenuated extracellular matrix (ECM)
synthesis (collagens Ⅰ and Ⅲ) and promoted ECM
degradation, representing a possible novel anti-fibrosis
therapy.

MATERIALS AND METHODS
Animals

Adult male Wistar rats weighing 350-400 g were
obtained from the Experimental Animal Center of
Hebei Medical University, Hebei Province, China. The
study was performed in compliance with the national
ethical guidelines for the care and use of laboratory
animals, following the internationally accepted prin
ciples for laboratory animal use and care as found in
the United States’ guidelines (National Institutes of
Health publication #85-23, revised in 1985).

Xie SR, An JY, Zheng LB, Huo XX, Guo J, Shih D, Zhang XL.
Effects and mechanism of adenovirus-mediated phosphatase and
tension homologue deleted on chromosome ten gene on collagen
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Isolation of rat primary HSCs and cell culture

Rat primary HSCs were isolated from normal healthy
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male Wistar rats using in situ recirculating perfusion
[14]
technology, as described in a previous study . Then,
Dulbecco’s modified Eagle’s medium (DMEM) with
10% fetal bovine serum was used for cell culture;
passages 2-3 were used in this study. Human LX-2 cells
were obtained from Mount Sinai School of Medicine,
authorized by Dr. Friedman.

adenovirus (2 × 10 pfu/100 μL/rat) through tail
vein injection was conducted on rats once a week by
administering CCl4 for 7 wk. Treatment with adenovirus
9
(2 × 10 pfu/100 μL/rat) through tail vein injection was
performed on rats once a week starting in the fourth
week postadministration of CCl4 for 4 wk. Recombinant
adenoviruses used were Ad-GFP, Ad-PTEN, Ad-G129E,
and PTEN shRNA.

Recombinant adenovirus and transfection

Pathology and immunohistochemical and
immunofluorescent staining on liver tissue

Adenovirus containing cDNA constructs encoding wildtype PTEN (Ad-PTEN) with green fluorescent protein
(GFP), PTEN mutant G129E gene (Ad-G129E) with
GFP, and the empty virus control (Ad-GFP) were
kindly provided by Prof. Junshan Zhu from the Third
Military Medical University in China. RNA interference
targeting PTEN sequence shRNA with enhanced GFP
was established by Wuhan Genesil Biotechnology Co.,
Ltd (Wuhan, China). The transfection was performed
[15]
as described in a previous study .
The rat primary HSCs and human LX-2 cells were
divided into five groups: (1) control group, with serumfree antibiotic-free DMEM; (2) Ad-GFP group, with AdGFP transfection; (3) Ad-PTEN group, with Ad-PTEN
transfection; (4) Ad-G129E group, with Ad-G129E
transfection; and (5) PTEN shRNA group, with PTEN
shRNA transfection.

Hematoxylin and eosin (H&E) staining and Masson’s
trichrome (MT) staining were performed to assess
the histological changes and fibrosis in liver tissues.
Immunohistochemical staining was used to further
check the deposition of collagens Ⅰ and Ⅲ in the fibrotic
liver; the procedure was performed as described in a
[12]
previous study . Immunofluorescent staining was
also performed on frozen liver sections as described
in a previous study to check the changes in the
[13]
expression of PTEN in liver tissue .

RESULTS
Establishment of adenoviral transfection to modulate
the expression of PTEN

Adenoviral transfection using Ad-GFP was performed
initially to establish the feasibility to modulate the
expression of PTEN in rat primary HSCs and human
LX-2 cells. This study showed that an adenovirus
multiplicity of infection of 50 for 72 h gave the best
transfection in rat primary HSCs (94.46% efficiency;
Figure 1A) and human LX-2 cells (89.89% efficiency).
At 72 h posttransfection, the mRNA and protein
expression of PTEN in both rat primary HSCs and
human LX-2 cells significantly increased in the Ad-PTEN
group (mRNA: 1.698, 1.547 and protein: 1.91 ± 0.09,
2.13 ± 0.01, respectively) and Ad-G129E group (mRNA:
1.624, 1.479 and protein: 1.74 ± 0.08, 1.98 ± 0.12,
respectively) compared with the Ad-GFP group (mRNA:
0.994, 0.998 and protein: 1.15 ± 0.04, 1.21 ± 0.14,
respectively)(P < 0.01), and significantly decreased
in the PTEN shRNA group (mRNA: 0.357, 0.548 and
protein: 0.56 ± 0.04, 0.58 ± 0.13, respectively)(Figure
1B and C).

Real-time polymerase chain reaction assay

A real-time polymerase chain reaction assay was
[13,16]
performed using a previously established protocol
.
Primer Express 5.0 was used to design the following
primers: PTEN (rat), forward 5’-GGAAAGGACGGACTGG
TGTA-3’ and reverse 5’-GGAAAGGACGGACTGGT
GTA-3’; PTEN (human), forward 5’-ACCGCCAAATTTAAT
TGCAG-3’ and reverse 5’-GGGTCCTGAATTGGAGGAA
T-3’; glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) (rat), forward 5’-GGCAAGTTCAACGGCA
CAG-3’ and reverse 5’-CGCCAGTAGACTCCACGACAT-3’;
and GAPDH (human), forward 5’-ACTTTGGTATCGTGG
AAGGACT-3’ and reverse 5’-GTAGAGGCAGGGATGAT
GTTCT-3’. The primers were synthesized by SBS
Genetech Co., Ltd (Beijing, China). The mRNA ex
pression of genes was normalized to GAPDH.

Western blot assay

Western blotting was performed as described in a
[12]
previous study . Anti-PTEN, anti-α-smooth muscle
actin, anti-collagen Ⅰ, anti-collagen Ⅲ, anti-matrix
metalloproteinase (anti-MMP)-13, anti-MMP-2, antitissue inhibitor of metalloproteinase (anti-TIMP)-1
and anti-TIMP-2 antibodies (1:200), and anti-GAPDH
antibody (1:500) were used as primary antibodies.

PTEN negatively regulated collagen metabolism

Collagen deposition in fibrotic liver tissues mainly
comprised collagens Ⅰ and Ⅲ. The protein expression
of collagens Ⅰ and Ⅲ in rat primary HSCs was found
to be significantly decreased in the Ad-PTEN (0.32 ±
0.05 and 0.18 ± 0.02, respectively) and Ad-G129E
groups compared with the CCl4 control and Ad-GFP
groups (Figure 2A and B). In contrast, the expression
of collagens Ⅰ and Ⅲ significantly increased in the PTEN
shRNA group compared with the CCl4 control and AdGFP groups. A similar tendency was also found in
experiments using human LX-2 cells (Figure 2A and C).

Animal model

The CCl4-induced rat hepatic fibrosis model was
[13]
established as described in a previous study .
Rats were randomly divided into pretreatment and
treatment groups. Pretreatment with recombinant
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Figure 1 Effective modulation of the expression of phosphatase and tension homologue deleted on chromosome ten in vitro and in vivo. A: Representative
immunofluorescent image showing adenoviral transfection efficiency using Ad-GFP in rat primary HSCs; B: The mRNA expression of PTEN was quantitated for rat
primary HSCs (left panel) and human LX-2 cells (right panel). Data are expressed as a relative value, and the error bars represent SE; C: Representative western blot
showing the protein expression of PTEN (left panel), quantitated and expressed as relative optical density. The error bars represent SE. bP < 0.01 vs the control group;
d
P < 0.01 vs the Ad-GFP group; D: Representative western blot showing that the protein expression of PTEN in rat livers treated with Ad-PTEN was significantly
enhanced in pre 1 wk, pre 3 wk, pre 5 wk, and pre 7 wk, compared with the Ad-GFP and control CCl4 groups. n = 3 for all experiments. GFP: Green fluorescent
protein; HSCs: Hepatic stellate cells; PTEN: Phosphatase and tension homologue deleted on chromosome ten.

PTEN had a protective effect on CCl4-induced rat liver
fibrosis

MMP-13 and MMP-2 play a critical role in the
metabolism of collagens Ⅰ and Ⅲ. In rat primary HSCs,
a significantly higher expression of MMP-13 and MMP-2
was found in the Ad-PTEN and Ad-G129E groups
compared with the PTEN shRNA and CCl4 control
groups. As expected, the expression of MMP-13 and
MMP-2 was significantly reduced in the PTEN shRNA
group compared with the control and Ad-GFP groups
(Figure 2A and B). Similar regulation of MMP-13 and
MMP-2 was also found using human LX-2 cells (Figure
2A and C).
The degree of collagen deposition was due to the
balance between collagenases and their inhibitors.
The inhibitors of MMP-13 and MMP-2 were additionally
measured by western blotting at 72 h posttransfection
in both rat primary HSCs and human LX2 HSCs. The
expression of TIMP-1 and TIMP-2 was significantly
down-regulated by Ad-PTEN and Ad-G129E compared
with the CCl4 control and Ad-GFP groups (Figure 2A
and B). Transfection of PTEN shRNA up-regulated
these inhibitors of collagenases compared with the
control and Ad-GFP groups (Figure 2).

WJG|www.wjgnet.com

The increased expression of PTEN gene in the AdPTEN and Ad-G129E groups was significantly reduced,
whereas the reduced PTEN gene expression in the
PTEN shRNA group was increased, along with the
serum levels of alanine transaminase and aspartate
transaminase compared with the CCl4 control and AdGFP groups, indicating improved liver function (Tables
1 and 2).
H&E and MT staining confirmed that the increased
expression of PTEN in the Ad-PTEN and Ad-G129E
groups led to reduced hepatocyte necrosis and
collagen deposition in liver tissue compared with that
in the control groups (Figure 3). Immunofluorescent
staining for PTEN was performed to see whether the
improved pathology was associated with changes in
the expression of the PTEN gene. It was found that the
expression of the PTEN gene significantly increased
with Ad-PTEN and Ad-G129E recombinant adenovirus
in both the prevention and treatment groups (Figure 3).
Moreover, the total protein was isolated from liver
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Table 1 Impact of adenovirus-mediated phosphatase and tension homologue deleted on chromosome ten on liver function in rat
liver fibrosis induced by CCl4 in prevention groups at different time points
Group
Pre 1 wk
Control
CCl4
Ad-GFP
Ad-PTEN
Ad-G129E
PTEN shRNA
Pre 3 wk
Control
CCl4
Ad-GFP
Ad-PTEN
Ad-G129E
PTEN shRNA
Pre 5 wk
Control
CCl4
Ad-GFP
Ad-PTEN
Ad-G129E
PTEN shRNA
Pre 7 wk
Control
CCl4
Ad-GFP
Ad-PTEN
Ad-G129E
PTEN shRNA

ALT (U/L)

AST (U/L)

ALB (g/L)

TBIL (μmol/L)

DBIL (μmol/L)

58.09 ± 6.54
414.45 ± 29.37
426.24 ± 30.76
404.23 ± 26.78
409.98 ± 43.24
2970.11 ± 267.34b

147.23 ± 10.25
339.12 ± 45.37
289.37 ± 20.76
283.76 ± 23.45a
289.76 ± 35.43a
1690.25 ± 200.34b

28.95 ± 2.14
27.20 ± 2.35
27.92 ± 3.12
29.12 ± 4.25
28.82 ± 3.23
27.10 ± 3.23

2.15 ± 0.54
2.12 ± 0.38
2.13 ± 0.31
1.98 ± 0.34
2.00 ± 0.34
4.03 ± 0.78b

1.12 ± 0.32
1.70 ± 0.21
1.56 ± 0.12
1.42 ± 0.31
1.50 ± 0.21
2.67 ± 0.56b

60.71 ± 5.34
532.21 ± 34.02
589.34 ± 26.45
422.37 ± 34.23a
506.45 ± 57.32
3440.32 ± 342.32b

150.54 ± 12.34
804.12 ± 67.34
787.45 ± 43.21
478.43 ± 50.34a
526.43 ± 32.98a
3090.39 ± 228.23b

27.65 ± 3.28
25.31 ± 4.32
26.70 ± 3.15
27.31 ± 2.43
26.59 ± 1.37
24.41 ± 2.34b

2.34 ± 0.23
17.31 ± 1.21
15.04 ± 2.12
5.78 ± 1.01a
10.54 ± 2.76a
28.37 ± 4.78b

1.28 ± 0.77
7.78 ± 2.01
7.34 ± 1.29
3.24 ± 0.78a
6.21 ± 2.37
14.56 ± 2.42b

59.22 ± 7.34
672.34 ± 17.37
597.45 ± 33.21
456.43 ± 32.12a
492.37 ± 40.65a
2060.21 ± 325.34b

145.38 ± 11.32
817.56 ± 46.32
753.24 ± 32.12
566.76 ± 53.21a
705.43 ± 63.21a
2490.34 ± 532.12b

28.37 ± 2.56
26.70 ± 3.02
26.30 ± 1.76
28.54 ± 2.12a
27.21 ± 1.35
24.23 ± 1.23b

2.34 ± 0.78
15.23 ± 2.78
16.30 ± 3.56
9.31 ± 2.12a
10.56 ± 1.23a
17.31 ± 2.67b

1.43 ± 0.22
7.65 ± 1.22
8.72 ± 2.11
4.50 ± 0.89a
5.61 ± 1.23a
9.45 ± 2.12b

60.21 ± 3.19
605.23 ± 85.37
623.45 ± 56.34
456.45 ± 32.12a
545.87 ± 43.21a
1825.23 ± 28.23b

152.12 ± 15.34
1110.32 ± 215.32
1134.23 ± 121.24
183.23 ± 34.23a
694.32 ± 25.34a
1878.45 ± 56.87b

28.34 ± 1.15
22.76 ± 3.21
23.43 ± 1.21
26.73 ± 2.23a
25.63 ± 1.23a
21.90 ± 3.23b

2.38 ± 0.59
15.26 ± 1.23
14.87 ± 1.02
4.32 ± 0.97
4.56 ± 0.32
17.23 ± 3.56b

1.48 ± 0.26
8.65 ± 0.32
9.34 ± 0.98
2.62 ± 0.42
2.54 ± 0.23
9.08 ± 1.32b

Data are presented as mean ± SD for n = 3. aP < 0.01 vs CCl4, Ad-GFP; bP < 0.05 vs CCl4, Ad-GFP, Ad-PTEN. ALB: Albumin; ALT: Alanine transaminase;
AST: Aspartate transaminase; DBIL: Direct bilirubin; PTEN: Phosphatase and tension homologue deleted on chromosome ten; TBIL: Total bilirubin.
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Figure 3 Phosphatase and tension homologue deleted on chromosome ten has protective effects on CCl4-induced rat hepatic fibrosis in vivo. H&E
stain (× 200) and MT stain (× 200) showed reduced hepatic cell necrosis and collagen deposition in liver tissue by over-expressed PTEN gene in Ad-PTEN and AdG129E groups. Immunofluorescent staining for PTEN (green) showed increased PTEN expression with Ad-PTEN and Ad-G129E recombinant adenovirus in both the
prevention group or the treatment group. Immunohistochemical staining (bottom 2 rows) showed decreased collagen Ⅰ and collagen Ⅲ expression in hepatic tissues (×
400) with over-expression of PTEN induced by exogenous wild-type PTEN or G129E gene, whereas collagen Ⅰ and collagen Ⅲ expressions was reduced by PTEN
shRNA. H&E: Hematoxylin and eosin; MT: Masson’s trichrome; PTEN: Phosphatase and tension homologue deleted on chromosome ten.

tissues in each group, and western blot analysis of
the expression of PTEN was performed. Consistent
[13]
with the findings from previous studies , the protein
expression of PTEN was significantly decreased in rats
treated with CCl4. The protein expression of PTEN was
significantly increased in rats treated with Ad-PTEN
in the pretreatment and treatment groups compared
with the control group (Figure 1D).
Then, western blot analysis was performed to
check the protein expression of collagens Ⅰ and Ⅲ in
the rat liver tissue at each time point. Compared with
the Ad-GFP group, the expression of collagens Ⅰ and Ⅲ
significantly decreased with the enhanced expression
of PTEN in the Ad-PTEN group at pre 3 wk, pre 7 wk,
pre 1 wk, and pre 4 wk (Figure 4). In contrast, the
reduced expression of PTEN with PTEN shRNA signifi
cantly increased the expression of collagens Ⅰ and
Ⅲ(Figure 4).

economic and social costs. At present, no effective
therapy is available to treat or reverse hepatic fibrosis.
Under chronic injury, HSCs are activated to produce
more ECM, mainly comprised of collagens Ⅰ and
Ⅲ in the liver tissue. Moreover, HSCs also regulate
the balance of MMPs and TIMPs, which determines
[1,17-19]
the degree of collagen deposition in the liver
.
PTEN has been found to be involved in myocardial
[8-10]
fibrosis, renal fibrosis, and lung fibrosis
. A pre
vious study found that higher expression of PTEN
reduced the number of activated HSCs to negatively
[12,13]
regulate fibrogenesis in vivo
. This suggested that
PTEN may also regulate the accumulation of ECM
components in liver fibrosis because ECM is mainly
[1]
produced from activated HSCs .
The expression of PTEN was modulated in this
study using recombinant adenovirus that either
increased or reduced the expression of PTEN. This
study showed that reducing the expression of
PTEN conferred worsened liver fibrosis through its
modulation of collagens Ⅰ and Ⅲ, MMP-13 and MMP-2,
and TIMP-1 and TIMP-2. These PTEN-dependent
changes in collagen, collagenases, and collagenase
inhibitors reduced collagen deposition that was
associated with CCl4-induced liver fibrosis.

DISCUSSION
Hepatic fibrosis is the accumulation of ECM in
response to chronic liver injury that ultimately leads
[1,2]
to cirrhosis . Cirrhosis is associated with increased
morbidity and mortality and results in substantial
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Figure 4 Phosphatase and tension homologue deleted on chromosome ten reduced collagen deposition in CCl4-induced fibrotic hepatic tissues.
Representative western blot of collagen Ⅰ (A) and collagen Ⅲ (B) expressions. Collagen Ⅰ and collagen Ⅲ expressions were quantitated in the bottom panels and
represented as mean ± SE. bP < 0.01 vs the control group; dP < 0.01 vs the Ad-GFP group. PTEN: Phosphatase and tension homologue deleted on chromosome ten.

Table 2 Impact of adenovirus-mediated phosphatase and tension homologue deleted on chromosome ten on liver function in rat
liver fibrosis induced by CCl4 in treatment groups at different time points
Group

ALT (U/L)

Tre 1 wk
Control
CCl4
Ad-GFP
Ad-PTEN
Ad-G129E
PTEN shRNA
Tre 2 wk
Control
CCl4
Ad-GFP
Ad-PTEN
Ad-G129E
PTEN shRNA
Tre 3 wk
Control
CCl4
Ad-GFP
Ad-PTEN
Ad-G129E
PTEN shRNA
Tre 4 wk
Control
CCl4
Ad-GFP
Ad-PTEN
Ad-G129E
PTEN shRNA

AST (U/L)

ALB (g/L)

TBIL (μmol/L)

DBIL (μmol/L)

57.78 ± 8.23
684.32 ± 78.34
645.65 ± 34.26
384.98 ± 36.23b
495.34 ± 45.12b
2030.31 ± 112.34a

146.78 ± 12.23
840.32 ± 32.25
832.12 ± 40.32
398.43 ± 43.23b
546.32 ± 32.12b
1730.54 ± 87.34a

27.99 ± 1.18
25.26 ± 3.25
24.54 ± 1.21
27.60 ± 2.34b
26.12 ± 2.43
24.12 ± 2.34a

2.49 ± 0.55
15.45 ± 3.23
14.31 ± 1.21
11.21 ± 1.21b
13.23 ± 2.12
34.21 ± 5.34a

1.65 ± 0.36
6.56 ± 1.12
7.21 ± 2.12
5.32 ± 1.46b
7.86 ± 1.23b
17.23 ± 2.12a

57.46 ± 3.58
712.34 ± 34.54
697.45 ± 45.76
338.12 ± 12.34b
364.32 ± 34.56b
2040.21 ± 126.32a

142.34 ± 10.24
843.23 ± 54.32
876.34 ± 33.32
407.34 ± 32.12b
408.67 ± 23.78b
1860.32 ± 210.32a

29.15 ± 3.21
26.32 ± 1.34
25.79 ± 2.32
27.56 ± 3.23b
27.21 ± 1.22b
25.60 ± 3.12a

2.68 ± 0.74
14.32 ± 5.32
13.34 ± 2.13
6.56 ± 1.21b
10.32 ± 1.21b
27.12 ± 4.21a

1.55 ± 0.46
8.32 ± 2.12
7.86 ± 1.23
3.72 ± 0.78b
5.34 ± 1.09b
14.78 ± 2.12a

58.54 ± 6.58
1892.32 ± 113.12
1746.32 ± 98.23
524.35 ± 34.12b
576.23 ± 43.21b
1937.56 ± 32.21a

148.45 ± 13.27
2018.32 ± 123.45
1879.23 ± 119.34
690.35 ± 54.23b
820.43 ± 67.32b
2390.32 ± 112.23a

29.12 ± 3.15
22.14 ± 1.23
23.10 ± 2.13
27.30 ± 3.21b
25.20 ± 1.21b
21.34 ± 2.34a

2.12 ± 0.21
8.18 ± 1.10
9.12 ± 1.23
6.45 ± 0.32b
8.12 ± 0.87b
10.76 ± 1.23a

1.48 ± 0.24
5.21 ± 0.65
5.72 ± 0.54
4.12 ± 0.54b
4.89 ± 0.81b
6.10 ± 0.54a

62.31 ± 8.12
594.39 ± 32.18
576.45 ± 23.43
490.32 ± 32.23b
530.23 ± 22.56b
1148.32 ± 54.32a

155.37 ± 13.27
1110.32 ± 89.34
886.43 ± 45.67
528.34 ± 32.12b
628.43 ± 45.34b
1270.34 ± 121.28a

29.91 ± 3.12
23.45 ± 2.12
22.79 ± 1.21
25.31 ± 3.21b
25.12 ± 1.23b
20.37 ± 3.12a

2.49 ± 0.32
17.32 ± 2.32
13.45 ± 2.45
7.34 ± 1.21b
10.54 ± 2.32b
26.32 ± 3.56a

1.65 ± 0.21
9.28 ± 1.23
7.12 ± 1.34
4.65 ± 0.98b
6.54 ± 1.21b
14.56 ± 2.13a

Data are presented as mean ± SD for n = 3. aP < 0.05 vs CCl4, Ad-GFP, Ad-PTEN; bP < 0.01 vs CCl4, Ad-GFP. ALB: Albumin; ALT: Alanine transaminase;
AST: Aspartate transaminase; DBIL: Direct bilirubin; PTEN: Phosphatase and tension homologue deleted on chromosome ten; TBIL: Total bilirubin.

[22]

The human homologue of rat MMP-13 is MMP-1 and
is expressed by HSCs, fibroblasts, Kupffer cells, and so
[20]
forth . MMP-13 remodels the surrounding tissue to
clear room for deposition of newly synthesized ECM.
[21]
The activity of MMP-13 can be inhibited by TIMP-1 .
MMP-2 mainly serves to degrade the collagen in
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the basement membrane . TIMP-2 is essential for
MMP-2 activation, as it can bind to pro-MMP-2 and
then combine with MT1-MMP to activate pro-MMP-2.
However, over-expressed TIMP-2 can inhibit MMP-2
[20,23]
activity, causing excessive collagen deposition
. In
this study, MMP-13 and MMP-2, the major collagenases
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[24,25]

involved in collagen degradation
, increased with
a high expression level of the PTEN gene, which also
down-regulated the expression of TIMP-1 and TIMP-2.
The lower expression of PTEN could invert the ratio of
MMP-13/TIMP-1 and MMP-2/TIMP-2 and cause severe
collagen deposition. These data suggested that PTEN
might regulate hepatic collagen metabolism through
regulation of MMP-13, MMP-2, TIMP-1, and TIMP-2.
Gene therapy using adenovirus vector has been
shown to be effective in modulating the expression of
[26-28]
a gene of interest
. In this study, treatment with
recombinant adenovirus carrying a highly expressed
PTEN gene in rats with CCl4-induced hepatic fibrosis
improved the liver function and reduced the collagen
deposition in liver tissue.
In conclusion, these data demonstrated that PTEN
might affect collagen deposition in the liver through
MMP-13, MMP-2, TIMP-1, and TIMP-2. Gene therapy
using recombinant adenovirus encoding wild-type
PTEN may represent a novel way for treating hepatic
fibrosis.

3
4
5

6
7

8
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the risk of disease progression (HR = 1.600, 95%CI:
st
1.011-2.531, P < 0.05). The addition of irinotecan in 1
line chemotherapy was associated independently with
lower risk for disease progression and death (HR =
0.600, 95%CI: 0.372-0.969, P < 0.04 and HR = 0.352,
95%CI: 0.164-0.757, P < 0.01 respectively).

CONCLUSION
The TYMS genotypes ins/ins and ins/LOH associate
with worst prognosis in mCRC patients under fluoro
pyrimidine-based chemotherapy. Large prospective
studies are needed for validation of our findings.

Abstract
AIM
To investigate the impact of thymidylate synthase
(TYMS ), KRAS and BRAF in the survival of metastatic
colorectal cancer (mCRC) patients treated with chemo
therapy.

Key words: Thymidylate synthase; Polymorphisms;
mCRC; Loss of heterozygosity; Survival; Chemotherapy;
KRAS ; BRAF ; TYMS

METHODS
Clinical data were collected retrospectively from
records of consecutive patients with mCRC treated with
fluoropyrimidine-based chemotherapy from 1/2005 to
1/2007. Formalin-fixed paraffin-embedded tissues were
retrieved for analysis. TYMS genotypes were identified
with restriction fragment analysis PCR, while KRAS and
BRAF mutation status was evaluated using real-time
PCR assays. TYMS gene polymorphisms of each of the
3’ untranslated region (UTR) and 5’UTR were classified
into three groups according to the probability they
have for high, medium and low TYMS expression (and
similar levels of risk) based on evidence from previous
studies. Univariate and multivariate survival analyses
were performed.

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The etiology of resistance to new targeted
agents and chemotherapy is currently being investi
gated based upon the patients’ genetic profile in order
to develop a prognostic model that could lead to
individualized treatment. In this context, we studied the
effect of thymidylate synthase (TYMS ) polymorphisms
that have been described so far, taking into account the
presence of KRAS and BRAF mutations in association
with the treatment. TYMS 3’ untranslated region
polymorphism ins/ins and ins/loss of heterozygosity
emerged as an independent factor that increases the
risk of both disease progression and death. Regimens
that included irinotecan had reduced risk of disease
progression and death.

RESULTS
The analysis recovered 89 patients with mCRC (46.1%
de novo metastatic disease and 53.9% relapsed). Of
these, 46 patients (51.7%) had colon cancer and 43
(48.3%) rectal cancer as primary. All patients were
treated with fluoropyrimidine-based chemotherapy
(5FU or capecitabine) as single-agent or in combination
with irinotecan or/and oxaliplatin or/and bevacizumab.
With a median follow-up time of 14.8 mo (range
0-119.8), 85 patients (95.5%) experienced disease
progression, and 63 deaths (70.8%) were recorded.
The 3-year and 5-year OS rate was 25.4% and 7.7%
while the 3-year progression-free survival rate was
7.1%. Multivariate analysis of TYMS polymorphisms,
KRAS and BRAF with clinicopathological parameters
indicated that TYMS 3’UTR polymorphisms are asso
ciated with risk for disease progression and death (P
< 0.05 and P < 0.03 respectively). When compared
to tumors without any del allele (genotypes ins/ins
and ins/loss of heterozygosity (LOH) linked with high
TYMS expression) tumors with del/del genotype (low
expression group) and tumors with ins/del or del/LOH
(intermediate expression group) have lower risk for
disease progression (HR = 0.432, 95%CI: 0.198-0.946,
P < 0.04 and HR = 0.513, 95%CI: 0.287-0.919, P <
0.03 respectively) and death (HR = 0.366, 95%CI:
0.162-0.827, P < 0.02 and HR = 0.559, 95%CI:
0.309-1.113, P < 0.06 respectively). Additionally,
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INTRODUCTION
Metastatic colorectal cancer (mCRC) is the second
and third leading cause of cancer-related death
[1]
[2]
in Europe and the United States respectively,
although important and constant overall survival
[3]
(OS) improvements have been achieved in the last
decades. Even though today there are more treatment
options, including several basic chemotherapy
[4]
regimens in combination with targeted agents , it
has been found that large variation exists in individual
patient prognosis and response to chemotherapy,
[5]
caused by molecular heterogeneity . As a result,
treatment decisions are more complex and largely
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[6]

empirical . This depicts our lack of understanding of
the molecular background and the interplay of different
oncogenic pathways, such as RAS and BRAF, with
gene polymorphisms, such as thymidylate synthase
(TYMS), that can be responsible for the heterogeneity
of responses to treatments.
KRAS is a member of the RAS family of genes
(KRAS, NRAS and HRAS) that encode quanosine-5’triphosphate (GTP)-binding proteins, which acts as a
molecular switch, linking receptor and non-receptor
tyrosine kinase activation to downstream cytoplasmic
or nuclear events. Activating mutations in RAS result
in stimulating cell proliferation and inhibiting apoptosis.
[7,8]
Around 32%-40% of CRC harbor a KRAS mutation
which is a predictor of response to anti-EGFR treat
[9,10]
ment
. BRAF is a KRAS downstream abnormally
activated kinase that has been shown to have a similar
[7,8]
adverse effect on treatment response .
The backbone of mCRC chemotherapy are fluoro
pyrimidines (5-FU and capecitabine) that cause
inhibition of de novo thymidine creation from uracil by
the TYMS enzyme. Potential resistance mechanisms to
[11]
fluoropyrimidines include TYMS gene amplification ,
[12]
loss of heterozygosity (LOH) and a negative feedback
[13]
[14]
mechanism . The TYMS gene (GeneID 7298 ) is
located on the short arm of chromosome 18 (18p11.32)
and several polymorphisms of the TYMS gene have
been connected to variable TYMS protein levels and
therapeutic outcome in relation to 5-FU.
The first polymorphism has been identified in the
5’ untranslated region (UTR) and includes an insertion
[14]
of a 28 base-pair (bp) repeat (rs34743033 ),
that adds an extra binding site for the upstream
stimulatory factor-1 (USF-1) transcription factor
[15]
(E-box CACTTG ). This USF-1 extra binding site acts
as an enhancer to the TYMS promoter which leads to
increased TYMS expression and thus to increased TYMS
[16]
enzyme activity . This results in alleles with two or
three 28 bp tandem repeats (2R or 3R respectively).
[14]
The second polymorphism (rs2853542 ) is a G>C
single nucleotide polymorphism (SNP) in the second
28 bp repeat of 3R alleles that abolishes the extra
[17]
USF-1 binding site
and leads to conversion of the
transcriptional activity from a 3R to a 2R. The third
[14]
polymorphism is located on the 3’UTR (rs34489327 )
and is a 6 bp insertion linked to stabilization of the
[18,19]
mRNA transcript
. The above polymorphisms
produce three genotypes: ins/ins (homozygous for
insertion of 6bp), del/del (homozygous for deletion of
the 6bp) and ins/del (heterozygous).
This study aims to investigate the associations of
TYMS polymorphisms, LOH, KRAS/BRAF mutations
and clinicopathologic characteristics with the survival
st
outcomes of patients with mCRC treated with 1 line
fluoropyrimidine-based chemotherapy.

institution (University General Hospital “ATTIKON”,
Athens, Greece). Clinical data were collected from
records of consecutive patients with mCRC treated
with fluoropyrimidine-based chemotherapy from
1/2005 to 1/2007. Formalin-fixed paraffin-embedded
tissues (FFPE) from consecutive patients with mCRC
were retrieved for analysis.
The study protocol was approved by the Institutional
Review Board and Ethical Committee (University
General Hospital “ATTIKON”).

DNA extraction

Five 5-μm thick FFPE sections from a site containing
at least 30% malignant cells were used for DNA
extraction by means of a commercially available kit
(Purelink Genomic DNA Kit; Thermo Fisher Scientific,
Schwerte, Germany). DNA was quantified using qPCR
®
(Quant-iT™ PicoGreen dsDNA Assay Kit; Thermo
Fisher Scientific) and was diluted accordingly to achieve
a concentration of 10 ng/μL for TYMS polymorphisms
and 4 ng/μL for KRAS mutation detection.

TYMS polymorphisms

Analysis was performed as previously described with
[20]
minor modifications . PCR was performed using 1
®
U of Platinum Taq DNA Polymerase (Thermo Fisher
Scientific), 1.5 mmol/L of Mg, 200 nmol/L of dNTPs,
and primers. The same primers were used, but 5’
UTR amplification was performed using a GC-rich
amplification kit (PCRX Enhancer System; Thermo
Fisher Scientific) adding 1 × of PRCx Enhancer.
Genotyping for the 2R/3R polymorphism was performed
by running 10 μL of the PCR product on a 1.5% agarose
gel and staining with EtBr (Figure 1). For the 12 G>C
substitution, 10 μL of PCR product was digested with 1
U of HaeIII (Takara, Shiga, Japan) for 1 h at 37 ℃ and
run on an 8% 19:1 polyacrylamide gel (Figure 2).
The 3’UTR was also analyzed on polyacrylamide
gels (Figure 3). LOH analysis was performed via
analyzing the intensity of the 5’UTR and 3’UTR bands
on the pictures acquired using GeneTools software
(Syngene, Cambridge, United Kingdom) (Figures 1
and 3). When either of the bands had an intensity of
< 50% of the other, the sample was categorized as
having a LOH. Samples showing LOH were defined
as 2R/3RGLOH, 2RLOH/3RG, 2R/3RCLOH and
2RLOH/3RC to indicate the allele that was partially
lost. Selected products were sequenced to verify the
sequence amplified. Blast of the sequenced products
and alignment with the latest human assemblies
revealed that the amplified product was 242 bp for 3R
and 214 bp for 2R genotypes.

Mutation detection

Detection of KRAS mutations of codons 12 and 13 was
performed with a commercially available Real-Time
(RT) PCR kit (Therascreen KRAS; DxS Diagnostics,
Manchester, United Kingdom) detecting six mutations
of codon 12 (G12D, G12A, G12V, G12S, G12R, G12C)

MATERIALS AND METHODS
Patients and clinical data

This was a retrospective study carried out by a single
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Figure 1 Agarose gel with PCR products for the thymidylate synthase 5’untranslated region 28 bp insertion. A DNA ladder of repeated 50 bp fragments
was used (M 50 bp). All potential genotypes (2R 241 bp and 3R 242 bp) are depicted as well, as a sample with LOH for 3R (Lane 3). bp: Base pair; LOH: Loss of
heterozygosity; UTR: Untranslated region.

94 bp
66 bp
47, 45, 44 bp
28 bp

12 bp

Figure 3 Polyacrylamide gel resolution showing the 3’untranslated region
products. Expected bands are 104 and 110 bp. In heterozygotes, a second
band of approximately 200 bp was observed due to heteroduplex mismatches.
bp: Base pair; UTR: Untranslated region.

Figure 2 Polyacrylamide gel resolution showing the 12G>C substitution
in the 5’untranslated region after digestion. Expected bands are 12, 44, 45
and 47 bp for all genotypes. Digestion of a sample with 2R or 3R12G genotype
results in production of two bands of 66 and 28 bp, while in 3R12C genotypes
those two fragments are left undigested in a single 94 bp fragment. bp: Base
pair; LOH: Loss of heterozygosity; UTR: Untranslated region.

into account the following evidence from previous
studies: (1) 3R polymorphism has higher translation
efficiency than that of the 2R, leading to higher TYMS
protein expression associated with resistance to 5FU[18,23]
based chemotherapy
, while the 2R/3R has an
[24]
intermediate TYMS protein expression profile ; (2)
the SNP G>C results in the 3RC genotype, reported
to display a similar transcriptional activity as the 2R
genotype (since 3RC and 2R have the same number
[17,25]
of binding sites for the USF-1)
; (3) the 6 bp
insertion, located in the 3’UTR of the TYMS primary
transcript, favors the TYMS mRNA stability, increasing
[26]
TYMS protein expression
and the possibility of
[18]
resistance to 5FU ; (4) Lower TYMS protein expression
leads to higher sensitivity to fluoropyrimidine-based
[27,28]
therapy
; and (5) LOH is associated with a higher
[12,29]
risk of resistance to 5FU chemotherapy
. Genotypes
categorized into expression groups are shown in Table 1.

[21]

and one mutation of codon 13 (G13D) . A positive
reaction mix for all mutations was included. A second
exogenous reaction was simultaneously taking place,
to avoid false negative results caused by PCR inhibitors.
Samples were characterized as bearing a mutation only
if ΔСt (Ct of control reaction - Ct mutation reaction) was
lower than the value set by the manufacturer.
The activating mutation V600E of BRAF was
identified using molecular beacons, as previously
[21]
described . One beacon for the wild-type and one for
the mutant allele were added at a final concentration
of 100 nmol/L in a 25 μL PCR reaction containing 1
× PCR Buffer, 6 mmol/L MgCl2, 200 nmol/L dNTPs,
®
300 nmol/L of each primer and 1U of Platinum Taq.
The PCR thermocycling profile used was 95 ℃ for 2
min, followed by 40 cycles of 95 ℃ for 10 s, 62 ℃ for
60 s and 72 ℃ for 20 s. SKMEL2 and SKMEL20 DNA
extracts were used as positive controls for both the
wild-type and mutant allele (CLS, Germany). All RTPCR experiments were performed on an ABI 7500 Fast
instrument (Thermo Fisher Scientific).

Statistical analyses

TYMS gene polymorphism stratification model

Polymorphisms of the TYMS gene in each the 3’UTR
and 5’UTR were classified into three groups according
to the probability they have for high, medium and low
[22]
TYMS expression (and similar levels of risk ), taking
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st

OS was defined as the time from the initiation of 1
line chemotherapy to the date of death by any cause.
Progression-free survival (PFS) was calculated as the
st
time from 1 line chemotherapy initiation to the date
of verified progression of the disease or the date of
death by any cause. Surviving patients were censored
at the date of last contact.
The relationship of TYMS polymorphisms groups
with OS and PFS was assessed by univariate Cox
regression analysis. Time-to-event distributions were

5916

August 28, 2017|Volume 23|Issue 32|

Ntavatzikos A et al . Molecular profiling in mCRC
following: age, sex (female vs male), histological grade
(Ⅲ-Ⅳ vs Ⅰ-Ⅱ), primary site (rectal vs colon), KRAS
and BRAF status, groups of TYMS polymorphisms,
existence of LOH, history of relapse or de novo meta
static disease and treatment.
Statistical analysis was conducted using SPSS
software for Windows (version 24; SPSS Inc, Chicago,
IL, United States).

Table 1 Thymidylate synthase polymorphisms’ groups per
untranslated region

TYMS
3’UTR
TYMS
5’UTR

Low expression

Medium expression

High expression

del/del

ins/del
del/LOH
2RG/3RG
2RG/3RG
2RG/3RCLOH
2RG/3RGLOH
2RGLOH/3RC

ins/ins
ins/LOH
3RG
3RG/3RC
2RGLOH/3RG

2RG
2RG/3RC
3RC

RESULTS
Patient and tumor characteristics

LOH: Loss of heterozygosity; UTR: Untranslated region.

Patients’ information including age, sex, primary tumor
site, histological grade, treatment and survival are
presented in Table 2. The median age was 65 years
(range: 27-86), and the primary site was colon or
rectum in 46 and 43 patients respectively. De novo
metastatic disease was present in 41 patients (46.1%).
First-line fluoropyrimidine-based chemotherapy was
administered to 88 patients, with a median number
of 6 cycles (range: 1-12). In total, 5FU-based chemo
therapy was given to 13 patients (14.6%), while
75 patients (84.3%) received capecitabine-based
chemotherapy. Fluoropyrimidine-based regimens were
combined with irinotecan (31.4%), oxaliplatin (49.4%)
or both drugs (6.7%). Bevacizumab was included in
st
the 1 line treatment of 61 patients (68.5%). With
a median follow-up of 14.8 mo (range: 0-119.8), 85
patients (95.5%) experienced disease progression
and 63 deaths (70.8%) were recorded. The 3-year
and 5-year OS rate was 25.4% and 7.7% respectively,
while the 3-year PFS rate was 7.1%.

Table 2 Clinicopathologic data for patients with metastatic
colorectal cancer n (%)
Clinicopathologic data

Age
Male
Primary site
Colon
Rectum
Histological grade
Ⅰ+Ⅱ
Ⅲ+Ⅳ
KRAS mutation
BRAF V600E mut
TYMS LOH
Fluoropyrimidinebased CT
Monotherapy or with
Irinotecan
Oxaliplatin
Oxaliplatin and
irinotecan
Bevacizumab
No chemotherapy
Overall survival
Deaths
Time1 in mo
Progression-free
survival
Events
Time1 in mo
Follow-up in mo

De novo

Total

48 (53.9)
65 (40-84.1)
34 (70.8)

41 (46.1)
64 (27-86)
23 (56.1)

89 (100)
65 (27-86)
57 (64.8)

20 (41.7)
28 (58.3)

26 (63.4)
15 (36.6)

46 (51.7)
43 (48.3)

27 (56.3)
21 (43.7)
22 (45.8)
2 (4.2)
15 (31.3)

28 (68.3)
13 (31.7)
18 (43.9)
3 (7.3)
11 (26.8)

55 (61.8)
34 (38.2)
40 (44.9)
5 (5.6)
26 (29.2)

5 (10.4)
18 (37.5)
22 (45.8)
3 (6.3)

5 (12.2)
10 (24.4)
22 (53.7)
3 (7.3)

10 (11.2)
28 (31.4)
44 (49.4)
6 (6.7)

31 (64.6)
0 (0.0)

30 (73.2)
1 (2.4)

61 (68.5)
1 (1.1)

Relapses

metastatic

TYMS genotypes

The detected genotypes of TYMS according to de
novo metastatic or relapsed patients are shown in
Supplemental Table 1. The wide variations deriving
from TYMS polymorphism combinations and the
presence of LOH according to de novo metastatic and
relapsed patients are shown in Supplemental Table 2.
The 3’UTR polymorphisms had no association with the
5’UTR polymorphism or the SNP G>C. The ins alleles
correlated almost statistically significantly with LOH, as
shown in Supplemental Table 3.
Analysis of significant association of TYMS poly
morphisms with patient and tumor characteristics is
shown in Table 3. Younger patients (< 65 years old)
were more frequently found to carry 2R, but not in a
statistically significant way. Also, low grade tumors (Ⅰ,
Ⅱ) associated with 2RG/3RG (P < 0.05). The absence
of mutations in KRAS correlated with 3RG/3RC (P <
0.04).

30 (62.5)
33 (80.5)
63 (70.8)
21.4 (12.2-30.6) 18.2 (14.3-22.0) 19.8 (15.8-23.9)

44 (91.7)
10.8 (9.0-12.5)
14.2 (0-72.5)

41 (100.0)
9.9 (7.0-12.8)
17.0 (0.8-119.8)

85 (95.5)
10.6 (8.8-12.5)
14.8 (0-119.8)

Data are presented as n (%) or median (range) or 1 (95%CI). CT:
Chemotherapy; LOH: Loss of heterozygosity.

estimated using Kaplan-Meier curves. Correlation of
TYMS polymorphisms among them and with selected
clinicopathological characteristics were performed
2
using the χ test. For all correlations, the level of
statistical significance was set at P = 0.05.
The Cox proportional hazards model was used
to assess the relationship of clinicopathological
parameters and the examined polymorphisms with OS
and PFS. In the multivariate Cox regression analysis,
a backward selection procedure with a removal
criterion of P > 0.10 based on likelihood ratio test was
performed to identify significant variables among the

WJG|www.wjgnet.com

Correlations of clinicopathological features and
genotype with survival outcomes

Analysis of patients according to TYMS expression
groups and genotypes are shown in Table 4. Univariate
Cox regression analysis of clinicopathological parameters
in relation to PFS and OS showed no significant
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Cumulative progression free survival

A

Kaplan-Meler survival estimates
1.0

Table 3 Association between thymidylate synthase
polymorphisms and patient characteristics

P < 0.28
3UTR groups
Low expression del/del
Medium expression ins/del del/LOH
High expression ins/ins ins/LOH
Low expression del/del-censored
Medium expression ins/del del/LOH-censored
High expression ins/ins ins/LOH-censored

0.8
0.6
0.4

Polymorphism
2R
2RG/3RG
2RG/3RC
ins/ins
3RG/3RC

0.2

Characteristic

RR (95%CI)

P value

Age < 65-years-old
Grade 1-2
Female
KRAS G12D
KRAS wild-type

1.708 (1.158-2.520)
1.449 (1.077-1.948)
1.943 (1.152-3.275)
3.563 (1.163-10.912)
1.753 (1.156-2.657)

0.090
0.044
0.036
0.045
0.031

0.0
0

10.0 20.0

30.0 40.0 50.0

Table 4 Risk groups of thymidylate synthase polymorphisms

60.0

t /mo

Cumulative overall survival

B

Group

Kaplan-Meler survival estimates
3UTR groups
1.0
Low expression del/del
Medium expression ins/del del/LOH
0.8
High expression ins/ins ins/LOH
Low expression del/del-censored
Medium expression ins/del del/LOH-censored
0.6
High expression ins/ins ins/LOH-censored
0.4

TYMS 5’UTR
Low expression
2RG
2RG/3RC
3RC
Medium expression
2RG/3RG
2RG/3RCLOH
2RG/3RGLOH
2RGLOH/3RC
High expression
3RG
3RG/3RC
2RGLOH/3RG
TYMS 3’UTR
Low expression
del/del
Medium expression
ins/del
del/LOH
High expression
ins/ins
ins/LOH

P < 0.18

0.2
0.0
0.00 20.00 40.00 60.00 80.00 100.00 120.00

t /mo

Figure 4 Kaplan-Meier survival curve. A: Kaplan-Meier curve for PFS
according to TYMS 3’UTR groups; B: Kaplan-Meier curve for OS according
to TYMS 3’UTR groups. Comparisons were made using long-rank tests. OS:
Overall survival; PFS: Progression-free survival; UTR: Untranslated region.

association in our set of data. Univariate Cox regression
analyses of TYMS polymorphisms and groups, KRAS
and BRAF mutations and LOH are shown in Table 5. The
univariate analysis of TYMS 3’UTR polymorphisms and
LOH demonstrated a trend of lower risk for disease
progression and death for the genotypes del/del, ins/
del and even ins/LOH compared with ins/ins. There is a
trend for increased risk of death for patients with KRAS
mutation. The analysis of TYMS 5’UTR polymorphisms,
whether taking into consideration the SNP G>C and
LOH or not, also showed no significant effect.
Multivariate analysis of TYMS polymorphism groups
and selected clinicopathological parameters is shown
in Table 6. KRAS mutation, existence of LOH and
the group of TYMS polymorphisms ins/LOH - ins/ins
were associated with increased risk for disease pro
st
gression, while the addition of irinotecan in the 1
line chemotherapy was associated with lower risk. In
terms of OS, the group of TYMS polymorphisms ins/
LOH - ins/ins was associated with increased statistical
risk both of disease progression and death. KaplanMeier curves for PFS and OS according to TYMS 3’UTR
polymorphisms groups are shown in Figure 4A and B
respectively. Furthermore, the addition of irinotecan
or oxaliplatin to fluoropyrimidine-based chemotherapy
was associated with lower risk of death. Also, a

WJG|www.wjgnet.com

De novo

Total

2 (4.2)
8 (16.7)
6 (12.5)

6 (14.6)
3 (7.3)
5 (12.2)

8 (9.0)
11 (12.4)
11 (12.4)

4 (8.3)
7 (14.6)
3 (6.3)
1 (2.1)

4 (9.8)
3 (7.3)
2 (4.9)
2 (4.9)

8 (9)
10 (11.2)
5 (5.6)
3 (3.4)

4 (8.3)
9 (18.8)
4 (8.3)

4 (9.8)
8 (19.5)
4 (9.8)

8 (9.0)
17 (19.1)
8 (9.0)

6 (12.5)

7 (17.1)

13 (14.6)

19 (39.6)
1 (2.1)

10 (24.4)
3 (7.3)

29 (32.6)
4 (4.5)

8 (16.7)
14 (29.2)

13 (31.7)
8 (19.5)

21 (23.6)
22 (24.7)

Relapsed

metastatic

LOH: Loss of heterozygosity; UTR: Untranslated region.

statistical trend for a higher risk of death was shown
in male patients. These findings were consistent in
multivariate Cox regression analysis when the history of
relapse or de novo metastatic disease was considered.

DISCUSSION
This is a retrospective study of 89 patients with mCRC
treated with fluoropyrimidine-based chemotherapy,
interrogating the association of TYMS polymorphisms,
LOH, KRAS/BRAF status with survival outcome. To the
best of our knowledge, this is the first time that TYMS
genotype, LOH and mutations in KRAS and BRAF
have been analyzed in relation to the chemotherapy
treatment and survival outcome of patients with
mCRC. We report that the polymorphisms of the TYMS
3’UTR represent an independent factor, increasing the
risk for both disease progression and death of mCRC
patients under fluoropyrimidines-based treatment
as monotherapy or in combination with oxaliplatin
or/and irinotecan, or/and targeted therapy. Also,
an independent factor decreasing the risk of both
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Table 5 Univariate Cox regression analysis for clinicopathological features and genotype
Variable

PFS

KRAS mutated
BRAF V600E
LOH
TYMS 5’UTR
2R
2R/3R
3R
TYMS 5’UTR
2RG
2RG/3RC
2RG/3RG
3RC
3RG/3RC
3RG
TYMS 5’UTR
2R
2RG/3RC
2RG/3RCLOH
2RG/3RG
2RG/3RGLOH
2RGLOH/3RC
2RGLOH/3RG
3RC
3RG
3RG/3RC
TYMS 5’UTR groups
Low expression
Medium expression
High expression
TYMS 3’UTR
del/del
ins/del
ins/ins
TYMS 3’UTR
del/del
del/LOH
ins/del
ins/LOH
ins/ins
TYMS 3’UTR groups
Low expression
Medium expression
High expression

OS

HR

95%CI

P value

HR

95%CI

P value

1.390
0.884
1.013

0.895-2.164
0.356-2.196
0.632-1.624

0.142
0.791
0.957
0.561

1.669
1.514
1.020

0.996-2.797
0.545-4.207
0.592-1.758

0.052
0.426
0.944
0.845

1.000
1.243
0.974

0.616-2.508
0.474-2.003

0.543
0.944
0.887

1.000
1.276
1.239

0.556-2.928
0.535-2.870

0.565
0.616
0.486

1.000
1.151
1.351
1.038
0.883
1.107

0.535-2.475
0.625-2.921
0.428-2.517
0.391-1.995
0.433-2.832

0.720
0.444
0.935
0.764
0.832
0.726

1.000
0.978
1.688
0.876
1.648
1.054

0.388-2.468
0.689-4.132
0.293-2.620
0.660-4.113
0.348-3.189

0.963
0.252
0.813
0.284
0.926
0.562

1.000
1.864
0.783
1.058
1.936
1.155
1.656
1.096
1.163
1.001

0.738-4.713
0.300-2.044
0.372-3.014
0.630-5.948
0.301-4.441
0.617-4.442
0.428-2.806
0.432-3.134
0.413-2.426

1.000
1.678
1.044
1.869
3.875
1.091
1.745
1.070
1.281
2.144

0.546-5.160
0.328-3.323
0.537-6.504
1.019-14.740
0.126-9.412
0.546-5.576
0.325-3.521
0.385-4.270
0.758-6.064

1.063
0.888
1.000

0.633-1.784
0.518-1.523

0.188
0.617
0.916
0.248
0.834
0.317
0.848
0.765
0.998
0.812
0.818
0.667

0.602
0.764
1.000

0.305-1.190
0.475-1.228

0.295
0.144
0.267

0.421
0.784
0.438
0.516
1.000

0.194-0.912
0.263-2.334
0.240-0.802
0.274-0.973

0.067
0.028
0.662
0.007
0.041

0.639
0.435
1.000

0.323-1.263
0.435-1.118

0.225
0.198
0.135

0.696
0.851
1.000

0.384-1.261
0.460-1.572

0.366
0.942
0.325
0.047
0.937
0.348
0.912
0.687
0.151
0.489
0.232
0.606

0.563
0.910
1.000

0.259-1.224
0.522-1.587

0.340
0.147
0.739

1
0.125-0.772
0.175-3.417
0.230-0.918
0.233-1.020

0.095
0.012
0.734
0.028
0.057

0.230-1.102
0.426-1.279

0.187
0.086
0.279

0.311
0.773
0.459
0.488
1.000
0.503
0.738
1.000

CT: Chemotherapy; LOH: Loss of heterozygosity; OS: Overall survival; PFS: Progression-free survival; UTR: Untranslated region.
[15]

disease progression and death was the administration
of fluoropyrimidine-based chemotherapy in com
bination with irinotecan, while the combination of
fluoropyrimidines with oxaliplatin was associated with
lower risk of death.
In search of prognostic markers towards per
sonalized therapy, studies have investigated TYMS
[30,31]
[32,33]
gene polymorphisms
, TYMS mRNA expression
[34-38]
[39]
and TYMS protein expression
/activity . Such
studies have conflicting results for the way TYMS
polymorphisms seem to affect the therapeutic result
[30,36,38,40-46]
in CRC patients
. The numerous TYMS
polymorphisms and their combination could explain the
inconclusive results. For example, the SNP G>C was
[15,17,19]
not considered for many years until its discovery
.
Thus, the homozygous 3R group was considered to be
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related with high expression
and could include three
subgroups with a different impact in TYMS expression
(low expression subgroup 3RC/3RC and high expression
[24,28]
subgroups 3RG/3RG and 3RG/3RC
).
Our results indicate that only 8 (21.6%) out of 37
tumors with the 3R polymorphism are 3RG, without
the presence either of LOH or SNP G>C. Similarly,
21 (50%) out of 42 heterozygous 2R/3R tumors are
2RG/3RG. The different distribution of these subgroups
in various studies could explain the differential effect
on survival. Moreover, another factor held responsible
for generating inconclusive results is the addition to
fluoropyrimidines of newer chemotherapeutics and
[28]
targeted agents which incommode the interpretation
of how TYMS polymorphisms influence survival outcome
across different treatment populations. Moreover, there
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Table 6 Multivariate Cox regression analysis
PFS
KRAS mutated
LOH
Fluoropyrimidine-based CT
With irinotecan
Without irinotecan
With oxaliplatin
Without oxaliplatin
TYMS 3’UTR groups
Low expression
Medium expression
High expression
Sex
Males

OS

HR

95%CI

P value

1.600
1.674

1.011-2.531
0.912-3.071

0.045
0.096

0.600
1.000

0.372-0.969

0.037

0.198-0.946
0.287-0.919

0.043
0.036
0.025

0.432
0.513
1.000

HR

95%CI

P value

0.352
1.000
1.000
2.702

0.164-0.757

0.007

1.273-5.738

0.366
0.559
1.000

0.162-0.827
0.309-1.013

0.010
0.027
0.016
0.055

1.580

0.916-2.724

0.100

CT: Chemotherapy; LOH: Loss of heterozygosity; OS: Overall survival; PFS: Progression-free survival; UTR: Untranslated region.

[47]

are other genes, such as p53 , astrocyte elevated
[48]
[49]
gene-1 , and enolase superfamily member 1
that
have been proven to participate in the final level of
[18,47-50]
TYMS expression
. Thus, the rather small size
samples used in most studies could not examine
thoroughly the plethora of all these factors and po
ssible interactions among them, without conflicting
results.
Another reason responsible for conflicting results
across studies is the categorization of TYMS poly
[18,51]
morphisms into only two groups
, which leads
to misclassifying polymorphisms with uncertain
effect. Although such a classification model is pre
ferred because it facilitates statistical processing
(e.g., by increasing the size of each group) and the
interpretation of statistical processing, it also entails
the risk of increasing the probability of classification
error.
[30,31,50-53]
Different to previous studies
, ours took
into consideration the extensive number of TYMS
polymorphisms, as well as their combinations with
LOH and KRAS / BRAF mutations. Additionally, for the
first time, we classified the polymorphisms of each
UTR region into three groups according to the level of
TYMS expression.
The low expression group of 5’UTR polymorphism
includes tumors with two alleles, each with one being
an active USF-1 binding site. Members of the high
expression group have no 2RG allele and they include
heterozygous tumors in which, due to LOH, the allele
2RG was deleted. Medium expression group includes
the heterozygous tumors with three USF-1 binding
sites (one in the 2RG and two in the 3RG), resulting
in one more than the low expression and one less
than the high expression group. Also in this group,
we included tumors with only one 2R allele, as LOH
eliminates the 3R allele. Although they have less than
three USF-1 binding sites, the LOH situation bears
a loss of genetic material from chromosome 18q
that, in ways not fully understood, adversely affects
[54]
survival .
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The low expression group of 3’UTR polymorphism
contains the homozygous deletion of the 6 bp insertion
that leads to destabilization of TYMS mRNA, resulting
in reduced translation and eventually reduced TYMS
activity. The high expression group has only ins alleles,
homozygous or in combination with LOH, which impart
stability to TYMS mRNA and thus, by increasing TYMS
production/activity, increases the risk of poor response
[18,19]
or development of resistance
. Tumors in the
medium expression group have an allele with deletion,
which coexists with either ins allele or LOH, that have
[54]
been associated with increased risk of relapse .
On the basis of previous studies, TYMS 5’UTR may
[41,55]
be linked to survival outcomes
. Contrary to these,
in the multivariate Cox regression analysis of our data,
the groups of 5’UTR polymorphisms did not emerge
as factors of survival outcome. However, the 3’UTR
polymorphisms’ groups, were identified as independent
factors of disease progression and death.
More specifically, the high expression group was
identified as an independent risk factor of disease
progression and death compared to the medium/
low-risk groups (Table 5). Similar to our findings,
a previous study showed that mCRC patients with
del/del genotype treated with 5FU/oxaliplatin had
[31]
significantly longer OS . The ins allele, present in
high-risk genotypes (ins/ins and ins/LOH) has been
associated with higher TYMS mRNA stability and TYMS
[18]
protein expression . It is logical to assume that the
mRNA stability has a more significant role in TYMS
protein production than the number of transcripts.
Hence, even if TYMS 5’UTR has a 3RG polymorphism
leading to higher mRNA production, the complete
absence of ins allele in TYMS 3’UTR could cause
TYMS mRNA instability and therefore decreased
TYMS translation. On the contrary, in theory the final
outcome of decreased mRNA production of 2R cases
combined with ins/ins genotype could be an increase
of protein production due to the stability of transcribed
mRNA and translational efficacy.
Tumors with 2R/3RLOH genotype have been shown
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to be expressing significantly lower levels of TYMS
[56]
protein than those with 2RLOH/3R . Also, patients
with mCRC bearing 2R/3RLOH genotype have been
shown to have better survival than those with 2RLOH/
[12]
3R ; although in the later study the SNP G>C was
not taken into consideration. LOH is as likely to lead to
altered genotypes, either with high or low TYMS protein
expression (2RLOH/3RG and 2R/3RGLOH respectively).
But the loss of chromosomal material from 18q, the
cause of LOH, has been shown to act as a molecular
[29]
marker of adverse prognosis , even if combined
with the low-risk 2R allele. This is in agreement with
our results as LOH remained in the Cox proportional
hazards model as a factor that associates with disease
progression with marginal statistical significance (HR =
1.674, 95%CI: 0.912-3.071, P < 0.1). This association
was not observed for risk of death, probably due to the
numerous factors that affect this outcome, such as the
additional chemotherapy lines.
It has been previously shown that patients with
KRAS mutant tumors had significantly lower TYMS
[57]
mRNA levels, especially in proximal colon tumors .
In our study, we were able to identify an association of
KRAS wild-type only with polymorphism 3RG/3RC (RR
= 1.753, 95%CI: 1.156-2.657, P < 0.04), a member of
the high TYMS protein expression group.
The addition of bevacizumab in the fluoropyrimidinest
based 1 line chemotherapy for mCRC did not emerge,
in the Cox model, as a factor affecting survival outcome
in our study. To date, no prospectively validated
biomarkers have emerged to include or exclude patients
[58]
[59]
from anti-VEGF therapy . Pander et al
have
shown that there is a genetic interaction between the
polymorphisms in the TYMS enhancer region (5’UTR)
and VEGF +405g>c polymorphisms as a predictor of
the efficacy of capecitabine/oxaliplatin/bevacizumab in
mCRC patients, but only for PFS. Also, Watanabe
[60]
et al
have found that higher TYMS levels are asso
ciated with an adverse response to bevacizumab
therapy. In this context, it could be proposed that in
studies applying anti-VEGF and targeted therapy, TYMS
polymorphisms should be considered. Overall, there
is great need for a prognostication model that would
include all these polymorphisms with RAS mutations
for treatment tailoring.
In our study, we did not examine TYMS protein
expression, as this could be affected by a plentitude of
[47,48,50]
factors
and altered in the course of the disease.
For example, discordance in TYMS mRNA expression
and TYMS protein levels has been found between
[33,61,62]
primary and secondary tumors
. Also, in an
autoregulatory manner, the binding of TYMS protein to
its own mRNA, as well as the binding of TYMS to p53
[13,63,64]
mRNA, causes translational repression
.
Some limitations of this study should be addressed.
The plethora of genotypes resulting from the poly
morphisms occurring in the UTRs of TYMS is difficult
to be analyzed with a small patient group. Moreover,
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previous exposure to adjuvant therapy with fluoro
pyrimidines, that could associate with resistance to
fluoropyrimidines, was not taken into consideration.
The allocation of TYMS polymorphisms into groups was
based on published research but the conflicting results
observed in these studies and ours highlight the need
for further analysis on larger scale datasets. Also, we
did not examine the TYMS protein expression and
activity. Finally, due to the retrospective nature of this
analysis we could not correlate these findings to the
treatment toxicity.
After taking into account the SNP G>C and LOH,
only the polymorphisms in the TYMS 3’UTR, affecting
the stability of mRNA, independently influenced
survival outcome for patients with mCRC treated with
fluoropyrimidines-based chemotherapy. Genotypes that
include del alleles, linked to TYMS mRNA instability, had
better survival outcome. KRAS mutation was associated
with high risk of disease progression. Combinations
that included irinotecan were associated with lower risk
of disease progression and death. Future studies should
focus on gathering large samples and carefully selecting
batteries of biomarkers to be examined in multivariate
analysis. For the more complete assessment of the
effect of TYMS gene polymorphisms, LOH should be
considered. Further prospective studies are needed to
elucidate the role of TYMS polymorphisms in tailoring
treatment of patients with mCRC.

COMMENTS
COMMENTS
Background

Metastatic colorectal cancer (mCRC) remains a significant cause of cancerrelated death worldwide, although important improvements have been
achieved in the last decades. It has been found that large variation exists
in individual patient prognosis and response to chemotherapy, caused by
molecular heterogeneity. Around 32%-40% of CRC harbor a KRAS mutation,
which is a predictor of response to anti-EGFR treatment, while BRAF is a
KRAS downstream abnormally activated kinase that has been shown to
have similar adverse effects on treatment response. Several polymorphisms
of the thymidylate synthase (TYMS) gene have been connected to variable
TYMS protein levels and therapeutic outcome in relation to 5-FU, while loss
of heterozygosity (LOH) is included in potential resistance mechanisms
to fluoropyrimidines. This study aimed to investigate the associations of
TYMS polymorphisms, LOH, KRAS/BRAF mutations and clinicopathologic
characteristics with the survival outcome of patients with mCRC treated with 1st
line fluoropyrimidine-based chemotherapy.

Research frontiers

To the best of the authors’ knowledge, this is the first study that analyzes the
extensive number of TYMS polymorphisms, particularly their combination with
LOH and KRAS and BRAF mutations in relation to the chemotherapy treatment
and the survival outcome of patients with mCRC. Additionally, for the first time,
the authors classified the polymorphisms of each untranslated region (UTR)
into three groups according to the level of TYMS expression. The results of
this study contribute to clarifying the significance of TYMS polymorphisms for
patients with mCRC.

Innovations and breakthroughs

In this study, the groups of TYMS 5’UTR polymorphisms did not emerge as
factors of survival outcome. However, the 3’UTR polymorphisms’ groups were
identified as independent factors of disease progression and death. Genotypes
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that included del alleles, linked to TYMS mRNA instability, had better survival
outcome.

Applications

This study suggests that TYMS 3’UTR polymorphisms independently influence
survival outcome for patients with mCRC treated with fluoropyrimidinesbased chemotherapy. Genotypes that include del alleles may benefit from
fluoropyrimidine-based chemotherapy. Future studies should gather large
sample sets and carefully select the biomarkers to be examined in multivariate
analysis, taking into consideration LOH.

11

Terminology

UTR: Regions of the mRNA that are not translated into protein but, among
other things, affect the post-transcriptional regulation of gene expression.
Upstream stimulatory factor: Factors that enhance the gene promoter and lead
to increased gene expression.
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Good overview of the role of TYMS in the treatment protocol. Will be of interest
to the readership.

13

REFERENCES
1

2
3

4

5

6

7
8

9

10

Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, Rosso S,
Coebergh JW, Comber H, Forman D, Bray F. Cancer incidence
and mortality patterns in Europe: estimates for 40 countries in
2012. Eur J Cancer 2013; 49: 1374-1403 [PMID: 23485231 DOI:
10.1016/j.ejca.2012.12.027]
Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA
Cancer J Clin 2016; 66: 7-30 [PMID: 26742998 DOI: 10.3322/
caac.21332]
Rossi A, Torri V, Garassino MC, Porcu L, Galetta D. The impact
of personalized medicine on survival: comparisons of results in
metastatic breast, colorectal and non-small-cell lung cancers.
Cancer Treat Rev 2014; 40: 485-494 [PMID: 24112813 DOI:
10.1016/j.ctrv.2013.09.012]
Peeters M, Price T. Biologic therapies in the metastatic colorectal
cancer treatment continuum--applying current evidence to clinical
practice. Cancer Treat Rev 2012; 38: 397-406 [PMID: 21899955
DOI: 10.1016/j.ctrv.2011.08.002]
Sinicrope FA, Okamoto K, Kasi PM, Kawakami H. Molecular
Biomarkers in the Personalized Treatment of Colorectal Cancer.
Clin Gastroenterol Hepatol 2016; 14: 651-658 [PMID: 26872400
DOI: 10.1016/j.cgh.2016.02.008]
Cubillo A, Rodriguez-Pascual J, López-Ríos F, Plaza C, García
E, Álvarez R, de Vicente E, Quijano Y, Hernando O, Rubio C,
Perea S, Sanchez G, Hidalgo M. Phase II Trial of Target-guided
Personalized Chemotherapy in First-line Metastatic Colorectal
Cancer. Am J Clin Oncol 2016; 39: 236-242 [PMID: 24517959
DOI: 10.1097/COC.0000000000000045]
Adjei AA. Blocking oncogenic Ras signaling for cancer therapy.
J Natl Cancer Inst 2001; 93: 1062-1074 [PMID: 11459867 DOI:
10.1093/jnci/93.14.1062]
De Roock W, De Vriendt V, Normanno N, Ciardiello F, Tejpar
S. KRAS, BRAF, PIK3CA, and PTEN mutations: implications
for targeted therapies in metastatic colorectal cancer. Lancet
Oncol 2011; 12: 594-603 [PMID: 21163703 DOI: 10.1016/
S1470-2045(10)70209-6]
Allegra CJ, Jessup JM, Somerfield MR, Hamilton SR, Hammond
EH, Hayes DF, McAllister PK, Morton RF, Schilsky RL. American
Society of Clinical Oncology provisional clinical opinion: testing
for KRAS gene mutations in patients with metastatic colorectal
carcinoma to predict response to anti-epidermal growth factor
receptor monoclonal antibody therapy. J Clin Oncol 2009; 27:
2091-2096 [PMID: 19188670 DOI: 10.1200/JCO.2009.21.9170]
Van Cutsem E, Köhne CH, Láng I, Folprecht G, Nowacki
MP, Cascinu S, Shchepotin I, Maurel J, Cunningham D, Tejpar
S, Schlichting M, Zubel A, Celik I, Rougier P, Ciardiello F.

WJG|www.wjgnet.com

14
15

16
17

18

19

20

21

22

23

5922

Cetuximab plus irinotecan, fluorouracil, and leucovorin as firstline treatment for metastatic colorectal cancer: updated analysis
of overall survival according to tumor KRAS and BRAF mutation
status. J Clin Oncol 2011; 29: 2011-2019 [PMID: 21502544 DOI:
10.1200/JCO.2010.33.5091]
Wang TL, Diaz LA Jr, Romans K, Bardelli A, Saha S, Galizia
G, Choti M, Donehower R, Parmigiani G, Shih IeM, IacobuzioDonahue C, Kinzler KW, Vogelstein B, Lengauer C, Velculescu
VE. Digital karyotyping identifies thymidylate synthase
amplification as a mechanism of resistance to 5-fluorouracil
in metastatic colorectal cancer patients. Proc Natl Acad Sci
USA 2004; 101: 3089-3094 [PMID: 14970324 DOI: 10.1073/
pnas.0308716101]
Uchida K, Hayashi K, Kawakami K, Schneider S, Yochim
JM, Kuramochi H, Takasaki K, Danenberg KD, Danenberg
PV. Loss of heterozygosity at the thymidylate synthase (TS)
locus on chromosome 18 affects tumor response and survival in
individuals heterozygous for a 28-bp polymorphism in the TS
gene. Clin Cancer Res 2004; 10: 433-439 [PMID: 14760062 DOI:
10.1158/1078-0432.CCR-0200-03]
Chu E, Koeller DM, Casey JL, Drake JC, Chabner BA, Elwood
PC, Zinn S, Allegra CJ. Autoregulation of human thymidylate
synthase messenger RNA translation by thymidylate synthase.
Proc Natl Acad Sci USA 1991; 88: 8977-8981 [PMID: 1924359
DOI: 10.1073/pnas.88.20.8977]
National Center for Biotechnology Information USNLoM. 2017.
Available from: URL: https://www.ncbi.nlm.nih.gov/pubmed
Kawakami K, Salonga D, Park JM, Danenberg KD, Uetake H,
Brabender J, Omura K, Watanabe G, Danenberg PV. Different
lengths of a polymorphic repeat sequence in the thymidylate
synthase gene affect translational efficiency but not its gene
expression. Clin Cancer Res 2001; 7: 4096-4101 [PMID: 11751507]
Marsh S. Thymidylate synthase pharmacogenetics. Invest New
Drugs 2005; 23: 533-537 [PMID: 16267625 DOI: 10.1007/
s10637-005-4021-7]
Mandola MV, Stoehlmacher J, Muller-Weeks S, Cesarone G, Yu
MC, Lenz HJ, Ladner RD. A novel single nucleotide polymorphism
within the 5’ tandem repeat polymorphism of the thymidylate
synthase gene abolishes USF-1 binding and alters transcriptional
activity. Cancer Res 2003; 63: 2898-2904 [PMID: 12782596]
Mandola MV, Stoehlmacher J, Zhang W, Groshen S, Yu MC, Iqbal
S, Lenz HJ, Ladner RD. A 6 bp polymorphism in the thymidylate
synthase gene causes message instability and is associated with
decreased intratumoral TS mRNA levels. Pharmacogenetics 2004;
14: 319-327 [PMID: 15115918 DOI: 10.1097/00008571-20040500
0-00007]
Ulrich CM, Bigler J, Velicer CM, Greene EA, Farin FM, Potter
JD. Searching expressed sequence tag databases: discovery and
confirmation of a common polymorphism in the thymidylate
synthase gene. Cancer Epidemiol Biomarkers Prev 2000; 9:
1381-1385 [PMID: 11142426]
Lecomte T, Ferraz JM, Zinzindohoué F, Loriot MA, Tregouet
DA, Landi B, Berger A, Cugnenc PH, Jian R, Beaune P, LaurentPuig P. Thymidylate synthase gene polymorphism predicts toxicity
in colorectal cancer patients receiving 5-fluorouracil-based
chemotherapy. Clin Cancer Res 2004; 10: 5880-5888 [PMID:
15355920 DOI: 10.1158/1078-0432.ccr-04-0169]
Spathis A, Georgoulakis J, Foukas P, Kefala M, Leventakos K,
Machairas A, Panayiotides I, Karakitsos P. KRAS and BRAF
mutation analysis from liquid-based cytology brushings of
colorectal carcinoma in comparison with formalin-fixed, paraffinembedded tissue. Anticancer Res 2010; 30: 1969-1975 [PMID:
20651341]
Popat S, Matakidou A, Houlston RS. Thymidylate synthase
expression and prognosis in colorectal cancer: a systematic review
and meta-analysis. J Clin Oncol 2004; 22: 529-536 [PMID:
14752076 DOI: 10.1200/JCO.2004.05.064]
Wang Y, Shen L, Xu N, Wang JW, Jiao SC, Liu ZY, Xu JM.
UGT1A1 predicts outcome in colorectal cancer treated with
irinotecan and fluorouracil. World J Gastroenterol 2012; 18:

August 28, 2017|Volume 23|Issue 32|

Ntavatzikos A et al . Molecular profiling in mCRC

24

25

26

27

28

29

30

31

32

33

34

35

6635-6644 [PMID: 23236239 DOI: 10.3748/wjg.v18.i45.6635]
Hur H, Kang J, Kim NK, Min BS, Lee KY, Shin SJ, Keum KC,
Choi J, Kim H, Choi SH, Lee MY. Thymidylate synthase gene
polymorphism affects the response to preoperative 5-fluorouracil
chemoradiation therapy in patients with rectal cancer. Int J Radiat
Oncol Biol Phys 2011; 81: 669-676 [PMID: 20932673 DOI:
10.1016/j.ijrobp.2010.06.049]
Kawakami K, Watanabe G. Identification and functional analysis
of single nucleotide polymorphism in the tandem repeat sequence
of thymidylate synthase gene. Cancer Res 2003; 63: 6004-6007
[PMID: 14522928]
Stoehlmacher J, Goekkurt E, Mogck U, Aust DE, Kramer M,
Baretton GB, Liersch T, Ehninger G, Jakob C. Thymidylate
synthase genotypes and tumour regression in stage II/III
rectal cancer patients after neoadjuvant fluorouracil-based
chemoradiation. Cancer Lett 2008; 272: 221-225 [PMID:
18722050 DOI: 10.1016/j.canlet.2008.07.008]
Qiu LX, Tang QY, Bai JL, Qian XP, Li RT, Liu BR, Zheng MH.
Predictive value of thymidylate synthase expression in advanced
colorectal cancer patients receiving fluoropyrimidine-based
chemotherapy: evidence from 24 studies. Int J Cancer 2008; 123:
2384-2389 [PMID: 18729195 DOI: 10.1002/ijc.23822]
Panczyk M. Pharmacogenetics research on chemotherapy
resistance in colorectal cancer over the last 20 years. World J
Gastroenterol 2014; 20: 9775-9827 [PMID: 25110414 DOI:
10.3748/wjg.v20.i29.9775]
Azzoni C, Bottarelli L, Cecchini S, Ziccarelli A, Campanini
N, Bordi C, Sarli L, Silini EM. Role of topoisomerase I and
thymidylate synthase expression in sporadic colorectal cancer:
associations with clinicopathological and molecular features.
Pathol Res Pract 2014; 210: 111-117 [PMID: 24332575 DOI:
10.1016/j.prp.2013.11.004]
Graziano F, Ruzzo A, Loupakis F, Santini D, Catalano V,
Canestrari E, Maltese P, Bisonni R, Fornaro L, Baldi G, Masi
G, Falcone A, Tonini G, Giordani P, Alessandroni P, Giustini L,
Vincenzi B, Magnani M. Liver-only metastatic colorectal cancer
patients and thymidylate synthase polymorphisms for predicting
response to 5-fluorouracil-based chemotherapy. Br J Cancer 2008;
99: 716-721 [PMID: 18728661 DOI: 10.1038/sj.bjc.6604555]
Kumamoto K, Ishibashi K, Okada N, Tajima Y, Kuwabara K,
Kumagai Y, Baba H, Haga N, Ishida H. Polymorphisms of GSTP1,
ERCC2 and TS-3’UTR are associated with the clinical outcome
of mFOLFOX6 in colorectal cancer patients. Oncol Lett 2013; 6:
648-654 [PMID: 24137384 DOI: 10.3892/ol.2013.1467]
Grimminger PP, Shi M, Barrett C, Lebwohl D, Danenberg KD,
Brabender J, Vigen CL, Danenberg PV, Winder T, Lenz HJ. TS
and ERCC-1 mRNA expressions and clinical outcome in patients
with metastatic colon cancer in CONFIRM-1 and -2 clinical trials.
Pharmacogenomics J 2012; 12: 404-411 [PMID: 21788964 DOI:
10.1038/tpj.2011.29]
Kumamoto K, Kuwabara K, Tajima Y, Amano K, Hatano S,
Ohsawa T, Okada N, Ishibashi K, Haga N, Ishida H. Thymidylate
synthase and thymidine phosphorylase mRNA expression in
primary lesions using laser capture microdissection is useful for
prediction of the efficacy of FOLFOX treatment in colorectal
cancer patients with liver metastasis. Oncol Lett 2012; 3: 983-989
[PMID: 22783377 DOI: 10.3892/ol.2012.598]
Abdallah EA, Fanelli MF, Buim ME, Machado Netto MC,
Gasparini Junior JL, Souza E Silva V, Dettino AL, Mingues NB,
Romero JV, Ocea LM, Rocha BM, Alves VS, Araújo DV, Chinen
LT. Thymidylate synthase expression in circulating tumor cells: a
new tool to predict 5-fluorouracil resistance in metastatic colorectal
cancer patients. Int J Cancer 2015; 137: 1397-1405 [PMID:
25721610 DOI: 10.1002/ijc.29495]
Paré L, Marcuello E, Altés A, del Rio E, Sedano L, Barnadas A,
Baiget M. Transcription factor-binding sites in the thymidylate
synthase gene: predictors of outcome in patients with metastatic
colorectal cancer treated with 5-fluorouracil and oxaliplatin?
Pharmacogenomics J 2008; 8: 315-320 [PMID: 17684476 DOI:
10.1038/sj.tpj.6500469]

WJG|www.wjgnet.com

36

37

38

39

40

41

42

43

44

45

46

47

48

5923

Yamagishi S, Shimada H, Ishikawa T, Fujii S, Tanaka K, Masui
H, Yamaguchi S, Ichikawa Y, Togo S, Ike H. Expression of
dihydropyrimidine dehydrogenase, thymidylate synthase, p53
and p21 in metastatic liver tumor from colorectal cancer after
5-fluorouracil-based chemotherapy. Anticancer Res 2005; 25:
1237-1242 [PMID: 15865071]
Hosokawa A, Yamada Y, Shimada Y, Muro K, Hamaguchi T,
Morita H, Araake M, Orita H, Shirao K. Prognostic significance of
thymidylate synthase in patients with metastatic colorectal cancer
who receive protracted venous infusions of 5-fluorouracil. Int J
Clin Oncol 2004; 9: 388-392 [PMID: 15549590 DOI: 10.1007/
s10147-004-0425-1]
Johnston PG, Benson AB 3rd, Catalano P, Rao MS, O’Dwyer PJ,
Allegra CJ. Thymidylate synthase protein expression in primary
colorectal cancer: lack of correlation with outcome and response
to fluorouracil in metastatic disease sites. J Clin Oncol 2003; 21:
815-819 [PMID: 12610179 DOI: 10.1200/JCO.2003.07.039]
Umekita N, Tanaka S, Abe H, Kitamura M. [Thymidylate synthase
and dihydropyrimidine dehydrogenase activity in a metastatic liver
tumor from colorectal cancer]. Gan To Kagaku Ryoho 2000; 27:
1883-1885 [PMID: 11086436]
Chen Y, Yi C, Liu L, Li B, Wang Y, Wang X. Thymidylate
synthase expression and prognosis in colorectal cancer: a metaanalysis of colorectal cancer survival data. Int J Biol Markers 2012;
27: e203-e211 [PMID: 23015402 DOI: 10.5301/JBM.2012.9584]
Dotor E, Cuatrecases M, Martínez-Iniesta M, Navarro M, Vilardell
F, Guinó E, Pareja L, Figueras A, Molleví DG, Serrano T, de Oca
J, Peinado MA, Moreno V, Germà JR, Capellá G, Villanueva A.
Tumor thymidylate synthase 1494del6 genotype as a prognostic
factor in colorectal cancer patients receiving fluorouracil-based
adjuvant treatment. J Clin Oncol 2006; 24: 1603-1611 [PMID:
16575011 DOI: 10.1200/JCO.2005.03.5253]
Edler D, Glimelius B, Hallström M, Jakobsen A, Johnston PG,
Magnusson I, Ragnhammar P, Blomgren H. Thymidylate synthase
expression in colorectal cancer: a prognostic and predictive marker
of benefit from adjuvant fluorouracil-based chemotherapy. J Clin
Oncol 2002; 20: 1721-1728 [PMID: 11919227 DOI: 10.1200/
JCO.2002.07.039]
Etienne-Grimaldi MC, Bennouna J, Formento JL, Douillard JY,
Francoual M, Hennebelle I, Chatelut E, Francois E, Faroux R, El
Hannani C, Jacob JH, Milano G. Multifactorial pharmacogenetic
analysis in colorectal cancer patients receiving 5-fluorouracilbased therapy together with cetuximab-irinotecan. Br J Clin
Pharmacol 2012; 73: 776-785 [PMID: 22486600 DOI: 10.1111/
j.1365-2125.2011.04141.x]
Johnston PG, Lenz HJ, Leichman CG, Danenberg KD, Allegra
CJ, Danenberg PV, Leichman L. Thymidylate synthase gene and
protein expression correlate and are associated with response to
5-fluorouracil in human colorectal and gastric tumors. Cancer Res
1995; 55: 1407-1412 [PMID: 7882343]
Koumarianou A, Tzeveleki I, Mekras D, Eleftheraki AG, Bobos
M, Wirtz R, Fountzilas E, Valavanis C, Xanthakis I, Kalogeras
KT, Basdanis G, Pentheroudakis G, Kotoula V, Fountzilas G.
Prognostic markers in early-stage colorectal cancer: significance
of TYMS mRNA expression. Anticancer Res 2014; 34: 4949-4962
[PMID: 25202077]
Ichikawa W, Uetake H, Shirota Y, Yamada H, Nishi N, Nihei
Z, Sugihara K, Hirayama R. Combination of dihydropyrimidine
dehydrogenase and thymidylate synthase gene expressions in
primary tumors as predictive parameters for the efficacy of
fluoropyrimidine-based chemotherapy for metastatic colorectal
cancer. Clin Cancer Res 2003; 9: 786-791 [PMID: 12576451]
Nief N, Le Morvan V, Robert J. Involvement of gene
polymorphisms of thymidylate synthase in gene expression, protein
activity and anticancer drug cytotoxicity using the NCI-60 panel.
Eur J Cancer 2007; 43: 955-962 [PMID: 17317154 DOI: 10.1016/
j.ejca.2006.12.012]
Yoo BK, Gredler R, Vozhilla N, Su ZZ, Chen D, Forcier T, Shah
K, Saxena U, Hansen U, Fisher PB, Sarkar D. Identification of
genes conferring resistance to 5-fluorouracil. Proc Natl Acad Sci

August 28, 2017|Volume 23|Issue 32|

Ntavatzikos A et al . Molecular profiling in mCRC

49

50

51

52

53

54

55

USA 2009; 106: 12938-12943 [PMID: 19622726 DOI: 10.1073/
pnas.0901451106]
Rosmarin D, Palles C, Church D, Domingo E, Jones A, Johnstone
E, Wang H, Love S, Julier P, Scudder C, Nicholson G, GonzalezNeira A, Martin M, Sargent D, Green E, McLeod H, Zanger UM,
Schwab M, Braun M, Seymour M, Thompson L, Lacas B, Boige
V, Ribelles N, Afzal S, Enghusen H, Jensen SA, Etienne-Grimaldi
MC, Milano G, Wadelius M, Glimelius B, Garmo H, Gusella
M, Lecomte T, Laurent-Puig P, Martinez-Balibrea E, Sharma R,
Garcia-Foncillas J, Kleibl Z, Morel A, Pignon JP, Midgley R, Kerr
D, Tomlinson I. Genetic markers of toxicity from capecitabine and
other fluorouracil-based regimens: investigation in the QUASAR2
study, systematic review, and meta-analysis. J Clin Oncol 2014; 32:
1031-1039 [PMID: 24590654 DOI: 10.1200/JCO.2013.51.1857]
Vignoli M, Nobili S, Napoli C, Putignano AL, Morganti M, Papi
L, Valanzano R, Cianchi F, Tonelli F, Mazzei T, Mini E, Genuardi
M. Thymidylate synthase expression and genotype have no major
impact on the clinical outcome of colorectal cancer patients treated
with 5-fluorouracil. Pharmacol Res 2011; 64: 242-248 [PMID:
21536130 DOI: 10.1016/j.phrs.2011.04.006]
Joerger M, Huitema AD, Boot H, Cats A, Doodeman VD, Smits
PH, Vainchtein L, Rosing H, Meijerman I, Zueger M, Meulendijks
D, Cerny TD, Beijnen JH, Schellens JH. Germline TYMS genotype
is highly predictive in patients with metastatic gastrointestinal
malignancies receiving capecitabine-based chemotherapy. Cancer
Chemother Pharmacol 2015; 75: 763-772 [PMID: 25677447 DOI:
10.1007/s00280-015-2698-7]
Fernández-Contreras ME, Sánchez-Hernández JJ, González
E, Herráez B, Domínguez I, Lozano M, García De Paredes ML,
Muñoz A, Gamallo C. Combination of polymorphisms within 5’
and 3’ untranslated regions of thymidylate synthase gene modulates
survival in 5 fluorouracil-treated colorectal cancer patients. Int J
Oncol 2009; 34: 219-229 [PMID: 19082493]
Etienne-Grimaldi MC, Milano G, Maindrault-Goebel F,
Chibaudel B, Formento JL, Francoual M, Lledo G, André
T, Mabro M, Mineur L, Flesch M, Carola E, de Gramont
A. Methylenetetrahydrofolate reductase (MTHFR) gene
polymorphisms and FOLFOX response in colorectal cancer
patients. Br J Clin Pharmacol 2010; 69: 58-66 [PMID: 20078613
DOI: 10.1111/j.1365-2125.2009.03556.x]
Watanabe T, Wu TT, Catalano PJ, Ueki T, Satriano R, Haller
DG, Benson AB 3rd, Hamilton SR. Molecular predictors of
survival after adjuvant chemotherapy for colon cancer. N Engl
J Med 2001; 344: 1196-1206 [PMID: 11309634 DOI: 10.1056/
NEJM200104193441603]
Etienne MC, Chazal M, Laurent-Puig P, Magné N, Rosty C,
Formento JL, Francoual M, Formento P, Renée N, Chamorey E,
Bourgeon A, Seitz JF, Delpero JR, Letoublon C, Pezet D, Milano
G. Prognostic value of tumoral thymidylate synthase and p53

56

57

58

59

60

61

62

63

64

in metastatic colorectal cancer patients receiving fluorouracilbased chemotherapy: phenotypic and genotypic analyses. J Clin
Oncol 2002; 20: 2832-2843 [PMID: 12065560 DOI: 10.1200/
JCO.2002.09.091]
Kawakami K, Ishida Y, Danenberg KD, Omura K, Watanabe
G, Danenberg PV. Functional polymorphism of the thymidylate
synthase gene in colorectal cancer accompanied by frequent loss
of heterozygosity. Jpn J Cancer Res 2002; 93: 1221-1229 [PMID:
12460463]
Maus MK, Hanna DL, Stephens CL, Astrow SH, Yang D,
Grimminger PP, Loupakis F, Hsiang JH, Zeger G, Wakatsuki T,
Barzi A, Lenz HJ. Distinct gene expression profiles of proximal
and distal colorectal cancer: implications for cytotoxic and
targeted therapy. Pharmacogenomics J 2015; 15: 354-362 [PMID:
25532759 DOI: 10.1038/tpj.2014.73]
Strickler JH, Hurwitz HI. Bevacizumab-based therapies
in the first-line treatment of metastatic colorectal cancer.
Oncologist 2012; 17: 513-524 [PMID: 22477726 DOI: 10.1634/
theoncologist.2012-0003]
Pander J, Wessels JA, Gelderblom H, van der Straaten T, Punt
CJ, Guchelaar HJ. Pharmacogenetic interaction analysis for the
efficacy of systemic treatment in metastatic colorectal cancer. Ann
Oncol 2011; 22: 1147-1153 [PMID: 21048041 DOI: 10.1093/
annonc/mdq572]
Watanabe T, Kobunai T, Yamamoto Y, Matsuda K, Ishihara S,
Nozawa K, Iinuma H, Ikeuchi H. Gene expression of vascular
endothelial growth factor A, thymidylate synthase, and tissue
inhibitor of metalloproteinase 3 in prediction of response to
bevacizumab treatment in colorectal cancer patients. Dis Colon
Rectum 2011; 54: 1026-1035 [PMID: 21730794 DOI: 10.1097/
DCR.0b013e31821c44af]
Aschele C, Debernardis D, Tunesi G, Maley F, Sobrero A.
Thymidylate synthase protein expression in primary colorectal
cancer compared with the corresponding distant metastases and
relationship with the clinical response to 5-fluorouracil. Clin
Cancer Res 2000; 6: 4797-4802 [PMID: 11156237]
Marsh S, McKay JA, Curran S, Murray GI, Cassidy J, McLeod
HL. Primary colorectal tumour is not an accurate predictor of
thymidylate synthase in lymph node metastasis. Oncol Rep 2002; 9:
231-234 [PMID: 11836585 DOI: 10.3892/or.9.2.231]
Liu Q, Yu Z, Xiang Y, Wu N, Wu L, Xu B, Wang L, Yang P, Li
Y, Bai L. Prognostic and predictive significance of thymidylate
synthase protein expression in non-small cell lung cancer: a
systematic review and meta-analysis. Cancer Biomark 2015; 15:
65-78 [PMID: 25524944 DOI: 10.3233/CBM-140432]
Chu E, Voeller DM, Jones KL, Takechi T, Maley GF, Maley
F, Segal S, Allegra CJ. Identification of a thymidylate synthase
ribonucleoprotein complex in human colon cancer cells. Mol Cell
Biol 1994; 14: 207-213 [PMID: 8264588]

P- Reviewer: Chetty R

WJG|www.wjgnet.com

5924

S- Editor: Yuan Qi

L- Editor: Filipodia
E- Editor: Zhang FF

August 28, 2017|Volume 23|Issue 32|

World J Gastroenterol 2017 August 28; 23(32): 5925-5935

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v23.i32.5925

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE
Clinical Trials Study

Characterizing gastrointestinal stromal tumors and
evaluating neoadjuvant imatinib by sequencing of
endoscopic ultrasound-biopsies
Per Hedenström, Bengt Nilsson, Akif Demir, Carola Andersson, Fredrik Enlund, Ola Nilsson, Riadh Sadik
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Per Hedenström, Riadh Sadik, Division of Medical Gastro
enterology, Department of Internal Medicine, Sahlgrenska
University Hospital, S-413 45 Gothenburg, Sweden
Bengt Nilsson, Department of Surgery, Sahlgrenska University
Hospital, S-413 45 Gothenburg, Sweden
Akif Demir, Carola Andersson, Fredrik Enlund, Ola Nilsson,
Department of Clinical Pathology and Genetics, Sahlgrenska
University Hospital, S-413 45 Gothenburg, Sweden

Manuscript source: Unsolicited manuscript

Author contributions: Hedenström P, Nilsson B, Nilsson O and
Sadik R designed the research; Hedenström P, Nilsson B, Demir
A, Andersson C, Enlund F, Nilsson O and Sadik R performed the
research; Enlund F and Sadik R contributed new analytic tools;
Hedenström P and Sadik R analyzed the data; Hedenström P
wrote the paper.

Correspondence to: Riadh Sadik, Associate Professor,
Division of Medical Gastroenterology, Department of Internal
Medicine, Sahlgrenska University Hospital, Blå Stråket 3, S-413
45 Gothenburg, Sweden. riadh.sadik@vgregion.se
Telephone: +46-31-3421000
Fax: +46-31-827458

Supported by The Health and Medical Care Committee of
the Regional Executive Board, Region Västra Götaland, No.
VGFOUREG-564381, No. VGFOUREG-665681 and No.
VGFOUREG-373551; Sahlgrenska University Hospital, No.
LUA-ALF 73830; and The Swedish Society of Medicine, No.
SLS-404261 and No. SLS-325061.

Received: January 25, 2017
Peer-review started: February 1, 2017
First decision: April 5, 2017
Revised: April 26, 2017
Accepted: June 18, 2017
Article in press: June 19, 2017
Published online: August 28, 2017

Institutional review board statement: This study was
reviewed and approved by the Regional Ethical Review Board of
Gothenburg (Study code: Dnr 573-09/Dnr 1092-11).

Abstract

Clinical trial registration statement: This study was registered
at ClinicalTrials.gov (NCT02360839).

AIM
To evaluate endoscopic ultrasound (EUS)-guided
biopsies for the pretreatment characterization of
gastrointestinal stromal tumors (GIST) to personalize
the management of patients.

Informed consent statement: Written and verbal informed
consent was obtained from the participating study subjects.
Conflict-of-interest statement: Per Hedenström, Bengt Nilsson,
Akif Demir, Carola Andersson, Fredrik Enlund, Ola Nilsson, and
Riadh Sadik declare no potential conflicts of interest relevant to
this article.

METHODS
All patients with lesions suspected to be GIST who
were referred for EUS-sampling at a tertiary Swedish
center were eligible for inclusion 2006-2015. During
the observational study phase (2006-2011), routine
fine-needle-aspiration (EUS-FNA) was performed.

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
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In 2012-2015, we converted to an interventional,
randomized protocol with dual sampling EUS-FNA and
fine-needle-biopsy-sampling (EUS-FNB) for all lesions.
c-KIT- and DOG-1-immunostaining was attempted
in all samples and a manual count of the Ki-67-index
was performed. FNB-sampled tissue and the resected
specimens were subjected to Sanger sequencing of the
KIT and platelet-derived growth factor alpha (PDGFRA )
genes.

Hedenström P, Nilsson B, Demir A, Andersson C, Enlund F,
Nilsson O, Sadik R. Characterizing gastrointestinal stromal
tumors and evaluating neoadjuvant imatinib by sequencing of
endoscopic ultrasound-biopsies. World J Gastroenterol 2017;
23(32): 5925-5935 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i32/5925.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i32.5925

RESULTS
In all, 64 unique patients with GIST were included,
and of these, 38 were subjected to pretreatment dual
sampling. EUS-FNB had a higher diagnostic sensitivity
when compared head-to-head with EUS-FNA (98%
vs 58%, P < 0.001) and was more adequate for Ki67-indexing (Ki-67 EUS) (92% vs 40%, P < 0.001).
Sequencing of EUS-biopsies was successful in 43/44
(98%) patients, and the mutation profiles (KIT -mutation
73%, PDGFRA -mutation 18%, wild-type 7%) were fully
congruent with those detected in the corresponding
resected specimens. In imatinib-naïve patients, the
Ki-67EUS was comparable with the Ki-67-index in the
corresponding surgical specimens (Ki-67SURG) (2.7% vs
2.9%, P = 0.68). In patients treated with neoadjuvant
imatinib who also carried mutations indicating sen
sitivity, the Ki-67EUS was higher than the Ki-67SURG (2.5%
vs 0.2%, P = 0.005), with a significant reduction in the
Ki-67-index of -91.5% (95%CI: -82.4 to -96.0, P = 0.005).

INTRODUCTION
In personalized medicine, a detailed characterization of
tumors is essential for accurate patient management. A
gastrointestinal stromal tumor (GIST) is an example of
a tumor entity that illustrates the potential for genotype[1]
driven targeted therapy . However, to turn this potential
into clinical reality, an extensive characterization of the
tumor is needed.
First, GISTs are difficult to diagnose preoperatively.
A sufficient quantity of tumor material is required for a
conclusive diagnosis, which is reached by immunostaining
[2]
for c-KIT (CD117), anoctamin 1 (DOG-1), or CD34 .
Second, the tumor response to the tyrosine kinase
inhibitor imatinib depends upon the mutation profile
of the individual tumor. The genes commonly mutated
in GIST are KIT proto-oncogene receptor tyrosine
kinase (KIT) (exon 9, 11, 13 or 17), and less frequently,
platelet-derived growth factor alpha (PDGFRA) (exon 12,
14 or 18). Primary resistance, or reduced sensitivity
to imatinib, is related to mutations in exon 9, 13, or
17 of KIT, exon 18 of PDGFRA, or to the wild type
[3]
profile (WT) . Secondary resistance may evolve during
[4]
imatinib treatment due to additional mutations .
Imatinib treatment of GISTs has led to a significant
[5,6]
improvement in survival , and neoadjuvant imatinib
[7,8]
is valuable, especially in advanced tumors . The
[9]
mutation profile is also a predictor of overall survival .
Third, the prognostic risk of GIST varies from excellent
[10]
to poor . In resected GIST specimens, the National
Institutes of Health prognostic risk classification is
used to assess the prognosis based on the tumor size
[11]
and the tumor proliferation rate (the mitotic index
.
The Ki-67-index is an alternative indicator of the tumor
proliferation rate in GIST as well as in many other
tumor entities. The level of the Ki-67-index in GIST
[12-16]
strongly correlates with the prognosis
.
Endoscopic ultrasound (EUS) enables the vis
ualization of tumors such as GIST and the sampling with
fine-needle aspiration (FNA) for cytology. The analysis
of EUS-FNA-samples by mass spectrometry has
been shown to facilitate the challenging assessment
of cystic pancreatic lesions, a potential precursor of
[17]
pancreatic adenocarcinoma . In GISTs however,
[18-20]
EUS-FNA-samples are often non-diagnostic
, which
also leads to an evident lack of prognostic information
based on the tumor mutation profile and the tumor
proliferation rate. This drawback of EUS-FNA is a major
obstacle for the early personalized management of

CONCLUSION
EUS-guided biopsy sampling is accurate for the pre
treatment diagnosis and characterization of GISTs and
allows the prediction and evaluation of tumor response
to neoadjuvant imatinib therapy.
Key words: Endosonography; fine-needle biopsy;
gastrointestinal stromal tumor; KIT ; Platelet-derived
growth factor alpha; tumor proliferation rate; Ki-67
index; neoadjuvant treatment; imatinib
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Personalization of the management and
treatment of gastrointestinal stromal tumors (GIST)
requires an extensive characterization of individual
tumors. Information on the tumor proliferation rate
and the KIT - and platelet-derived growth factor
alpha (PDGFRA )-mutation profile is essential. While
endoscopic ultrasound (EUS)-FNA is reported to be
suboptimal for the diagnosis of GIST, EUS-guided
biopsy sampling (EUS-FNB) has not been evaluated for
the characterization of GISTs. This prospective, longterm study showed that EUS-FNB was safe and highly
accurate for the pretreatment diagnosis of GISTs,
for the sequencing of KIT and PDGFRA , and for the
assessment of the tumor proliferation rate (Ki-67-index).
By obtaining this information, we managed to guide
and evaluate neoadjuvant imatinib therapy in patients
with GIST.
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patients with GIST. Confronted with the difficulties in
the characterization of GISTs, clinicians have to decide
on surgical resection based on the mere suspicion
of malignancy and without knowledge of the tumor
proliferation rate. Finally, the decision on expensive
neoadjuvant imatinib treatment can only be based on
probability and not on the actual mutation profile of
KIT and PDGFRA.
The primary aim of the study was to evaluate EUSguided sampling for the diagnosis and the pretreatment
characterization of GIST with respect to the tumor
proliferation rate and the mutation profile of KIT and
PDGFRA. The secondary aim was to evaluate the Ki67-index in EUS-biopsies and in resected specimens as
a marker for individual tumor response to neoadjuvant
imatinib therapy.

echogenicity, and vascularization were assessed before
the optimal sampling route was chosen.
The Baseline Period (2006-2011): During the
baseline period (BP), the study design was obser
vational. All patients were prospectively included
except for the first nine patients of the study start-up
phase.
The suspicious GISTs were sampled at the discretion
of the endosonographer with no specific interventional
procedure. EUS-FNA was performed with either a 22
G or a 25 G needle (Olympus, Aomori, Japan/Boston
Scientific, Spencer, United States/Wilson-Cook Medical,
Limerick, Ireland), while a 19 G trucut-needle (TCB)
was used (Wilson-Cook Medical) for biopsies.
The Study Period (2012-2015): We designed an
interventional study protocol in 2011 and modified the
sampling procedure in 2012. From 2012 to 2015 (Study
Period, SP), dual sampling was performed on each
individual subject using both EUS-FNA for cytology
(needles as described above) and EUS-guided core
biopsy sampling (EUS-FNB) for histology (22 G Procore
[21]
or 19 G Procore, Wilson-Cook Medical) . In blocks
of four and by using sealed envelopes, the patients
were randomized to a first pass with FNA or FNB. This
was performed to eliminate the introduction of a bias
related to the sampling sequence. Further passes
were performed by alternating the needles. A nonnecrotic area of the tumors was targeted and sampling
was performed by fanning. If the yield was poor, the
sampling time and the suction were increased.
The first six subjects of the Study Period underwent
EUS-FNB only to accustom the endosonographer to
the new sampling technique. With some limitations, a
cytotechnician was present for rapid on-site cytology
evaluation.

MATERIALS AND METHODS
Study patients

Sahlgrenska University Hospital is a tertiary center
for advanced endoscopy and for the management of
GIST in the region of west Sweden (population: 1.6
million). All patients who were referred to the unit
for a diagnostic EUS-guided sampling of a suspicious
GIST were eligible for inclusion in this prospective
study as consecutive subjects. Findings suspected to
be GIST were defined as lesions previously detected
at gastroscopy or cross-sectional imaging with a
probable origin from within the gastric or duodenal
wall and with a hypoechoic appearance on ultrasound.
Ongoing treatment with imatinib was a criterion for noneligibility. Subjects were later excluded if the followup was consistent with an alternative diagnosis of the
suspected lesion or if the GIST diagnosis could never
be firmly established by conclusive histopathology
including positive immunostaining for c-KIT or DOG-1.
The time frame for this study was February 2006
to December 2015. The medical records and the data
from a parallel, prospective study on the long-term
[15]
outcome of all patients with GIST in the region were
used to assess the results of EUS-guided sampling
with respect to the clinical follow-up and the surgical
outcome.
This study was reviewed and approved by the
Regional Ethical Review Board of Gothenburg. Written
informed consent was obtained from all patients.
This study is registered at ClinicalTrials. gov. The
registration identification number is NCT02360839.

Cytopathology and histopathology

FNA-samples and FNB-biopsies were processed and
analyzed as described in the Supplementary Methods.

Ki-67-indexing

Representative samples were subjected to immunos
taining for Ki-67 as described in the Supplementary
Methods. The quality and the adequacy of the FNAsamples and the FNB-biopsies for the assessment
of the Ki-67-index were categorized as adequate or
non-adequate by the study cytopathologist (AD) and
pathologist (ON).
Given the superior quality of the FNB-biopsies
compared with FNA-samples, only the Ki-67-index
of FNB-biopsies (Ki-67EUS) was calculated in detail
on printouts of digital images captured via an x40magnification objective (Eclipse E1000, Nikon, Japan)
with a ProgResC7-camera (Jenoptik, Germany). Manual
counting of positive nuclei including 2000 tumor cells
was performed. Counting by eyeballing and digital

EUS - examination and sampling

All study subjects were examined by EUS under
conscious sedation. Linear echoendoscopes [2006-2012:
Pentax EG3830UT (Tokyo, Japan), 2012-: Pentax
EG3870UTK] and an ultrasound processor (HI VISON
Ascendus, Hitachi, Tokyo, Japan) were used for this
purpose. The examinations were performed by the
study endosonographer (RS). The tumor location, size,
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counting are considered less accurate and were not
[22]
used . The result was recorded as the fraction of
positive tumor cells (%). Similarly, the Ki-67-index of
the corresponding surgical specimens (Ki-67SURG) was
analyzed in subjects who underwent resection.
In each case sampled by EUS-FNB and subjected
to surgical resection, we calculated the following
parameters: (1) The pairwise difference in the Ki-67index (%-units): Ki-67DIFF = Ki-67EUS - Ki-67SURG; and
(2) The pairwise reduction in the Ki-67-index (%): Ki67RED = -100 × [1-(Ki-67SURG)/(Ki-67EUS)]

adequate tumor yield were considered non-diagnostic.

Outcome

The primary outcome of this study was the diagnostic
sensitivity of EUS-guided sampling for GIST. The
secondary outcome was the EUS-sample adequacy
(1) for the assessment of the Ki-67-index; (2) for the
sequencing of KIT and PDGFRA (FNB-biopsies only);
and (3) for the evaluation of response to neoadjuvant
imatinib therapy (FNB-biopsies only), which was
measured as the difference in the Ki-67-index of FNBbiopsies compared with that of resected specimens.

Sequencing and mutational analysis

Statistical analysis

No sequencing of FNA-samples was performed since
the sample quantity and quality were poor compared
with that of FNB-biopsies. All FNB-biopsies were
subjected to mutational analysis by Sanger sequencing
as were the corresponding resected specimens (in
subjects who underwent resection). In the early part of
the SP, the sequencing of FNB-biopsies was performed
for research purposes after EUS. In the latter part of
the SP, the procedure was implemented into clinical
practice and was performed directly after EUS to
supply the genetic information to the clinician (BN).
The preparation of FNB-biopsies for DNA-extra
ction followed by sequencing is described in the
Supplementary Methods.

Demographics, tumor characteristics, and procedures
were compared using Fisher’s exact test and the
Mann-Whitney U-test. Prior to the interventional phase
(the SP), a sample size calculation was performed
for paired, dichotomous variables (statistical power
= 80%, alpha error = 0.05), which aimed to detect
a difference in sensitivity of 35% in order to compare
EUS-FNA and EUS-FNB at dual sampling. A sample
size of 33 cases was returned.
The diagnostic sensitivity for GIST as a binary
outcome was compared between sampling groups
using Fisher’s exact test (unpaired data) and McNemar’s
test (paired data) in an intention-to-treat analysis. The
Ki-67-index of FNB-biopsies and resected specimens
was compared using the Wilcoxon signed-rank test.
The mutation profile of FNB-biopsies and resected
specimens was compared on a case-by-case basis.
The (95%CI) was calculated when possible. The
statistical significance level was set at p < 0.05. All
authors had access to the study data and approved
the manuscript. The STARD protocol was applied
throughout the study.

Follow-up, reference standard, and definitions

Subjects were followed-up by the clinician (BN) for
5 year or until death. Neoadjuvant imatinib therapy
was considered and initiated by the clinician (BN).
Patients having small tumors (size < 20 mm) were
not evaluated for neoadjuvant imatinib. The cases
subjected to surgical resection, either treated or not
treated with neoadjuvant imatinib, were designated as:
(1) Neo- (no neoadjuvant imatinib therapy); (2) Neo +
s (neoadjuvant imatinib and imatinib-sensitive mutation
profile); or (3) Neo + r (neoadjuvant imatinib therapy
and imatinib-resistant mutation profile) according to
the table in the Supplementary Methods. The tumor
response was evaluated on a clinical basis in some
cases via the comparison of the fluorodeoxyglucose
18
positron emission tomography ( FDG-PET) signal
at baseline and at 3-8 wk after the start of imatinib
treatment.
Resected specimens were used to validate the
diagnosis of GIST. In patients not subjected to surgery,
the GIST-diagnosis was considered established if
cytopathology or histopathology of tumor sampling was
conclusive for GIST including positive immunostaining
for KIT or DOG-1.
The FNA-samples and FNB-biopsies were cla
ssified as diagnostic only if they contained adequate
GIST material for accurate diagnostic KIT or DOG-1
immunostaining. Samples with adequate tumor yield
but with failed or inconclusive immunostaining were
classified as suggestive of GIST. Samples without

WJG|www.wjgnet.com

RESULTS
Patient characteristics

In total, 64 patients [34 women/30 men, median age
70 (range: 23-89)] were included (Figure 1). Validation
specimens were available in 43/64 (67%) cases
(resected specimen: 42 cases, endoscopy forceps: one
case). The baseline characteristics are shown in Table 1.

Primary outcome

The diagnostic sensitivity of EUS-FNB (dual procedures
FNB+FNA: n = 38, single FNB-procedures: n = 6)
was superior both compared with routine EUS-FNA
performed during the Baseline Period [43/44 (98%)
a
vs 8/16 (50%), P < 0.001] and compared with EUSFNA in a head-to-head comparison of dual sampling
procedures during the SP [37/38 (97%) vs 22/38
b
(58%), P < 0.001], as shown in Figure 2.
Supposing that the two cases in Figure 1, which
had an unclear final diagnosis during the Study Period,
were actually true GISTs, the worst scenario of the
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B

A
EUS-guided sampling of unique patients with suspected GIST
in the Baseline Period , 2006-2011 (n = 44)
Alternative diagnosis
established (n = 20)

EUS-guided sampling of unique patients with suspected GIST
in the Study Period , 2012-2015 (n = 71)
Pre-EUS imatinib
therapy (n = 2)

Alternative diagnosis
established (n = 23)

Unclear final
diagnosis (n = 4)

Unclear final
diagnosis (n = 2)
Unique GIST patients (n = 44)
Type of EUS sampling performed

Unique GIST patients (n = 20)
Type of EUS sampling performed

Single sampling
EUS-FNA (n = 13)

Dual sampling
EUS-FNA and
EUS-TCB (n = 3)

Single sampling
EUS-TCB (n = 4)

No surgical
resection
(n = 5)

Neoadjuvant imatinib
therapy (n = 10)

Dual sampling EUS-FNB and EUS-FNA (n = 38)

Single sampling
EUS-FNB (n = 6)

Initial pass EUS-FNB
(n = 19)

Initial pass EUS-FNA
(n = 19)

No surgical resection
(n = 17)

No neoadjuvant imatinib
therapy (n = 5)

Neoadjuvant imatinib
therapy (n = 15)

No neoadjuvant imatinib
therapy (n = 12)

Surgical resection (n = 27)

Surgical resection (n = 15)

Figure 1 Flow charts of the study inclusion process, February 2006-December 2015. A: The Baseline Period, observational study design (2006-2011); B: The
Study Period, interventional study design (2012-2015). GIST: Gastrointestinal stromal tumor; EUS: Endoscopic ultrasound; FNA: Fine-needle aspiration; FNB: Fineneedle biopsy.

Table 1 Baseline characteristics, follow-up, and clinical outcome n (%)
Parameter

Baseline period

Age, median (range)
Gender (M/F)
Study patients (n)
Tumor location (n)
Stomach
Duodenum
Tumor size (mm), median (range)
Tumor endosonographic appearance
Homogenous (solid)
Heterogeneous (necrotic)
EUS-FNA (n)
Needle (22 G/25 G)
Passes (n), median (range)
EUS-FNB (n)
Needle (TCB 19 G/FNB 19 G/FNB 22 G)
Passes (n), median (range)
ROSE1
Study cytologist
Study pathologist
Resected cases
Resection margin (R0/R1/R2)
Follow-up time2, mo (range)
Overall survival (OS)3, 12 mo
OS, 24 mo
OS, 36 mo
Patients deceased

P value

Study period

75 (23-89)
11/9
20

68 (49-89)
19/25
44

18
2
60 (12-200)

40
4
38 (13-220)

8
12
16
12/4
2 (1-3)
7
7/0/0
1 (1-4)
9 (56)
5 (31)
2 (29)
15 (75)
13/1/1
72 (16-105)
20/20 (100)
19/20 (95)
18/20 (90)
9/20 (45)

17
27
38
26/12
3 (1-4)
44
0/5/39
2 (1-4)
26 (68)
32 (84)
38 (86)
27 (61)
24/3/0
19 (1-45)
31/31 (100)
17/18 (94)
10/11 (91)
2/44 (5)

0.07
0.43

0.29

0.75
0.10
< 0.001
0.15
0.53
< 0.001
0.003
0.40

1.00
1.00
1.00

1

Rapid on-site cytology evaluation by a cytotechnician; 2From the date of EUS until death or until end of follow-up; 3From the date of EUS until 12, 24 and
36 mo post-EUS. EUS: Endoscopic ultrasound; FNA: Fine needle aspiration; FNB: Fine needle biopsy.
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Non-diagnostic
Suggestive for GIST
Diagnostic for GIST

Table 2 Parameters with potential influence on the sensitivity
of Endoscopic ultrasound-fine needle aspiration n (%)

P < 0.001

P < 0.001

Diagnostic sensitivity (%)

100

P = 0.77

Tumor echogenicity
EUS-FNA-sensitivity
Tumor size
EUS-FNA-sensitivity
ROSE
EUS-FNA-sensitivity
FNA-needle
EUS-FNA-sensitivity
FNA-passes
EUS-FNA-sensitivity
Sampling order1
EUS-FNA-sensitivity

98

80
60
40
20
0

58
25 25 50

29

57
14

26

16

FNA (n = 16) TCB (n = 7) FNA (n = 38)

Baseline Period (2006-2011)

P value

Parameter

b
a

2
FNB (n = 44)

Homogenous Heterogeneous
(solid)
(necrotic)
11/20 (55)
18/32 (56)
≥ 30 mm
< 30 mm
10/18 (56)
19/34 (56)
ROSE
non-ROSE
21/34 (62)
8/18 (44)
22 gauge
25 gauge
20/37 (54)
9/15 (60)
≥ 3 passes
< 3 passes
9/17 (53)
20/35 (57)
EUS-FNA first EUS-FNB first
12/19 (61)
10/19 (53)

1.0
1.0
0.26
0.77
1.0
0.63

Study Period (2012-2015)
1

EUS-sampling modality

Only the GISTs (n = 38) sampled during the Study Period (2012-2015).
All study GISTs examined by EUS-FNA (n = 52) from 2006 to 2015. GIST:
Gastrointestinal stromal tumor; EUS: Endoscopic ultrasound; FNA: Fine
needle aspiration; FNB: Fine needle biopsy.

Figure 2 The diagnostic sensitivity of endoscopic ultrasound-guided
sampling in unique Gastrointestinal stromal tumor-cases (n tot = 64)
examined at the Sahlgrenska University Hospital from 2006 to 2015. The
error bars represent the 95%CI. FNA: Fine-needle aspiration; FNB: Fineneedle biopsy; TCB: Trucut-biopsy; GIST: Gastrointestinal stromal tumor; EUS:
Endoscopic ultrasound.

to 26.5, P = 0.70)].
Sequencing of KIT and PDGFRA: The FNB-biopsies
were adequate for successful Sanger sequencing of
KIT and PDGFRA in 43/44 (98%) cases (Table 3).
Among resected cases, full congruence (100%) was
found in the comparison of the mutations detected in
the FNB-biopsies and the mutations detected in the
corresponding resected specimens (n = 27). Additional
mutations in KIT or PDGFRA were not observed in
any of the resected specimens. The sole FNB-biopsy
(case #2) with inadequate material for diagnostic
immunohistochemistry still contained sufficient material
for successful sequencing.

sensitivity of EUS-FNB would still be superior to that of
EUS-FNA in a head-to-head comparison (37/40, 93%
vs 22/40, 55%, P < 0.001). The sensitivity of FNAsamples was not affected by the recorded variables, as
shown in Table 2.
One minor adverse event was recorded (1/64,
complication rate 1.6%). Patient #33, who had a 3-cm
GIST in the stomach, experienced local bleeding postEUS, which was stopped by adrenalin injection. No
technical failure was observed for any needle. No
tumor seeding was observed in any of the patients
during follow-up.

Evaluation of neoadjuvant imatinib therapy: (1)
Neoadjuvant imatinib + imatinib-sensitive mutation
detected (Neo + s Group): In resected patients who
were treated with neoadjuvant imatinib and who
carried a mutation suggestive of primary sensitivity to
imatinib [n = 10: KIT exon 11 (n = 9); PDGFRA exon
12 (n = 1)], the median Ki-67EUS was significantly
higher than the median Ki-67SURG [2.5% vs 0.2%, P =
0.005, median Ki-67DIFF = 2.3 (95%CI: 0.67 to 5.37,
P = 0.005)] (Figures 3B, 4C and D). Consequently, a
significant reduction was observed in the Ki-67-index
[median Ki-67RED = -91.5% (95%CI: -82.4 to -96.0, P
= 0.005)].
18
In the five patients with a positive baseline FDGPET, a signal reduction was recorded in the post18
treatment FDG-PET signal.
(2) Neoadjuvant imatinib + imatinib-resistant muta
tion detected (Neo + r Group): Five resected patients
who were treated with neoadjuvant imatinib carried a
mutation suggestive of primary resistance to imatinib
[n = 5: PDGFRA exon 18 D842V (n = 2); WT (n = 2);
KIT exon 13 p. K642E (n = 1)]. The median Ki-67EUS

Secondary outcomes

Ki-67-indexing: During the BP, the FNA-samples
were of adequate quality for the assessment of the Ki67-index in 3/16 (19%) cases. In the dual sampling
procedures during the SP, FNB-biopsies were more
often of adequate quality (37/38, 92%) compared with
FNA-samples (15/38, 40%, P < 0.001), and the FNBbiopsies were adequate for the assessment of the Ki67-index in all cases subjected to surgical resection
27/27 (100%).
In non-resected cases with adequate FNB-biopsies
(n = 14), the mean Ki-67EUS was 6.1% (95%CI: 2.5 to
9.7).
In resected cases not treated with neoadjuvant
imatinib (n = 12, Neo- Group), the median Ki-67EUS
was not significantly different from the median Kia
67SURG [2.7% vs 2.9%, P = 0.68, median Ki-67DIFF =
-0.30 (95CI: -0.62 to 0.57, P = 0.64)] (Figures 3A, 4A
and B). No significant reduction was observed in the
Ki-67-index [median Ki-67RED = 10.7% (95%CI: -22.3
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Figure 3 The Ki-67-index (%) of the fine-needle biopsy and of the corresponding resected specimen in each patient who underwent resection. A: Patients
not treated with neoadjuvant imatinib; B: Patients treated with neoadjuvant imatinib who carried an imatinib-sensitizing KIT- or PDGFRA-mutation; C: Patients treated
with neoadjuvant imatinib who carried a KIT- or PDGFRA-mutation (or wild type profile), which indicates resistance to imatinib.

was not significantly different from the median Ki-67SURG
(9.1% vs 9.0%, P = 0.35) (Figures 3C, 4E and F). In
addition, no significant reduction was observed in the
Ki-67-index (median Ki-67RED = -10.2%, P = 0.50).
18
The baseline FDG-PET signal was measured and was
positive in two patients. In one patient, no reduction
18
was observed in the post-treatment FDG PET-signal,
while a weak reduction was recorded in the other (case
#20).

GIST are scarce. Studies have reported a diagnostic
[18]
sensitivity of approximately 50% , which is in
agreement with the sensitivity of EUS-FNA in our work.
A sensitivity of 80% was reported in a recent study
[23]
that excluded small tumors (< 20 mm) .
In the present study, a new method of dual samp
ling with both EUS-FNA and EUS-FNB was used on all
tumors during a 4-year period, and these modalities
were compared head-to-head. As a result, we have
now shown that EUS-FNB can be used for the reliable
and safe diagnosis of GIST in up to 98% of cases
including small tumors.
The treatment decision for GIST requires a balance
between the benefits and drawbacks of both sur
gical and pharmacological therapies. The initiation
of adjuvant and neoadjuvant treatment can vary in
between institutions and the prognostic risk needs to
be addressed since there are potential side-effects of
imatinib. Nevertheless, the treatment with tyrosine
kinase inhibitors should be prescribed only to patients
who carry sensitive mutations. Without the mutational
status of KIT and PDGRFA, the clinician randomly se
lects the therapy. The mutation profile is also valuable
[9]
for the prediction of survival .
This study shows that a mutational analysis of
pretreatment FNB-biopsies by Sanger sequencing
provides the genetic information needed. In the
early part of the SP the clinician had to decide on

DISCUSSION
This study provides new knowledge on the ability to
perform extensive preoperative and pretreatment
characterization of gastrointestinal stromal tumors.
This knowledge enables the introduction of an early
personalized management and treatment of patients
with GIST.
According to the results of this work, endoscopic
ultrasound-guided biopsy sampling is a safe and accu
rate method for the purpose of diagnosis and for
further analyses of the tumor material in GIST.
A correct and reliable diagnosis of GIST is important
to avoid unnecessary resections of benign lesions that
are merely suspected GISTs. A non-diagnostic sample
will result in uncertain management and a resection
based on suspicion alone. Prospective studies that
evaluate the accuracy of EUS-guided sampling of
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Table 3 Individual case data on the mutation profile, treatment, and Ki-67-index
Case

Mutation

Mutation

Treatment
1
neoadj

Surgery

Group

EUS-surgery (mo)

Ki67EUS

Ki67SURG

Ki67RED

p.V560del
p.D842V2
Wild Type
p.V559D
p.Y553-Q556del
Unknown
V559D
p.P577-R586dupl
V559del
p.V560D
p.V560D
p.V560del
p.V559D
V559G
p.D842V
p.W557G
p551-W557delinsR
D579del
E556-I565dupl
p K642E
p.W557R
V559D
P551-E554delinsQ
K558-G565delinsR
p.D842V
p.D842V
V559D
p.V559D
p.V559D
pQ575-L576dupl
V654A
V559D
p.L576P
p.D842V
p.D846Y
p P551-W560del
V560E
Wild type
pL567del
M578-S584del
p.P551-Q556del
p.N567-T574del
57-E561del
Wild type
A502-Y503dupl

No
No
Yes
Yes
Yes
No
No
No
Yes
No
No
Yes
No
Yes
Yes
Yes
Yes
No
Yes
Yes
No
Yes
Yes
Yes
No
Yes
No
No
Yes
No

Yes
No
Yes
Yes
Yes
No
No
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
Yes
Yes
Yes
Yes
No

NeoNA
Neo + r
Neo + s
Neo + s
NA
NA
NeoNeo + s
NeoNeoNA
NeoNeo + s
Neo + r
Neo + s
Neo + s
NeoNeo + s
Neo + r
NeoNeo + s
Neo + s
NA
NA
Neo + r
NeoNeoNeo + s
NA

2
2
6
13
2
9
1
2
3
16
2
12
12
2
2
4
2
2
12
1
3
2
17
-

2.2
NC
2.1
4.2
1.5
NC
2.4
6.3
2.5
1.5
0.8
19.3
1.9
1.6
9.1
0.6
3.4
6.7
0.9
20.1
7.2
5.6
5.8
21.5
1.5
2.7
2.8
1.1
2.5
2.7

2.8
1.7
0.7
0.2
7.4
0.1
1.8
1.2
0.9
0.9
9.0
0.1
0.2
6.3
0.1
15.3
7.8
0.3
0.1
2.5
3.1
0.8
0.2
-

26
-19
-82
-84
17
-96
17
47
-52
-43
-1
-93
-94
-6
-89
-24
9
-95
-98
-10
13
-25
-90
-

No
No
No
No
No
Yes
Yes
Yes
Yes
Yes
No
Yes
No
Yes

No
No
Yes
Yes
No
No
Yes
No
No
No
Yes
No
No
No

NA
NA
NeoNeoNA
NA
Neo + r
NA
NA
NA
NeoNA
NA
NA

2
2
3
1
-

1.4
1.8
6.6
2.6
3.0
NC
9.2
10.1
11.0
4.6
8.3
4.6
0.1
0.7

8.9
2.0
12.0
6.8
-

35
-22
31
-18
-

gene and exon
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

KIT exon 11
PDGFRA exon 18
Wild Type
KIT exon 11
KIT exon 11
Unknown
KIT exon 11
KIT exon 11
KIT exon 11
KIT exon 11
KIT exon 11
KIT exon 11
KIT exon 11
KIT exon 11
PDGFRA exon 18
KIT exon 11
KIT exon 11
KIT exon 11
PDGFRA exon 12
KIT exon 13
KIT exon 11
KIT exon 11
KIT exon 11
KIT exon 11
PDGFRA exon 18
PDGFRA exon 18
KIT exon 11
KIT exon 11
KIT exon 11
KIT exon 11
KIT exon 13
KIT exon 11
KIT exon 11
PDGFRA exon 18
PDGFRA exon 18
KIT exon 11
KIT exon 11
Wild type
KIT exon 11
PDGFRA exon 12
KIT exon 11
KIT exon 11
KIT exon 11
Wild type
KIT exon 9

1

Neoadjuvant treatment with imatinib; 2For comparison, the sequencing was performed on an endoscopy biopsy. The 44 GIST study cases sampled
with EUS-FNB and ordered by the date of study enrollment. Ki-67EUS: The Ki-67index (%) of the EUS-biopsies; Ki-67SURG: The Ki-67index (%) of the resected
specimens; Ki-67RED: The percentage of the reduction in the Ki-67index, comparison of the Ki-67EUS with the Ki-67SURG (see Methods); NA: Not annotated; NC:
Not countable; KIT: KIT proto-oncogene receptor tyrosine kinase; PDGFRA: Platelet-derived growth factor receptor alpha.
[24]

neoadjuvant imatinib therapy without information on
the mutational status. Consequently, in five patients
who were treated with neoadjuvant imatinib, the
sequencing of FNB-biopsies later showed a genetic
profile consistent with primary resistance to imatinib,
which led to a modification in the treatment regimen.
To assist clinicians during the preoperative management
of patients with GIST, we implemented the immediate
sequencing of FNB-biopsies during the latter part of
the SP. One recent retrospective study revealed that
it is possible to obtain the mutation profile of GISTs
in a selected pool of EUS-FNA-samples using next-

WJG|www.wjgnet.com

generation sequencing . No comparison was made
between the sequencing of EUS-FNA-samples and the
sequencing of any corresponding resected specimens.
The prognosis of an individual patient with GIST
is dependent on the tumor proliferation rate and the
[15,25]
size of the tumor
. In our study, the FNB-biopsies
were highly accurate for the precise assessment
of the Ki-67-index by manual counting. The Ki-67index measured in the FNB-biopsies seems reliable
since it was in agreement with the Ki-67-index of
the resected specimens of the study patients who
were not treated with neoadjuvant imatinib. More
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A

B

C

D

E

F

described in the current study, may guide adjuvant
18
treatment in patients who undergo resection. FDGPET is expensive and some tumors may have a
negative baseline signal; the demonstration of the Ki67-indexing of repeated EUS-biopsies is an attractive
method by which the therapeutic response may be
evaluated.
This prospective study was conducted in a large
Swedish region over several years and involved
dedicated experts and the use of advanced techniques.
The centralized management of GIST facilitated good
control of patients and reliable follow-up data. We
used pretreatment tumor tissue not only to diagnose
GIST but also to clarify the sensitivity to imatinib,
to assess the tumor proliferation rate, and finally, to
evaluate the treatment response to imatinib. To the
best of our knowledge, the presented results are more
detailed and accurate than those of any comparable
publications in the literature.
A limitation of EUS is that GISTs in the jejunum or
ileum can be punctured only if they are visible from the
stomach or the duodenum. However, the majority of
GISTs are located in the stomach. Some study patients
were treated with neoadjuvant imatinib even if they
carried mutations with primary resistance to imatinib,
which highlights the importance of sequencing prior to
therapy. Sampling errors may result in an erroneously
low Ki-67-index. However, such a phenomenon was
probable only in two patients in this study (case #33
and #37).
The described pretreatment characterization of
tumors should be incorporated in future management
guidelines of GIST to facilitate personalized treatment.
Moreover, the work-up of complex tumors such as
GISTs should be centralized to high-volume centers in
order to enable a rational and effective treatment.
We conclude that this study provides clear support
for endoscopic ultrasound as the front-line diagnostic
procedure in GIST, as it enables an early diagnosis and
a personalized, genotype-driven targeted therapy of
patients. The presented approach with the extensive
characterization of GISTs based on the analysis of
EUS-guided biopsies may also serve as a model for
other tumor entities.

Figure 4 Ki-67-immunostaining of gastrointestinal stromal tumorstumor tissue in three endoscopic ultrasound-biopsies and in the three
corresponding resected specimens. Digital photos (magnification × 40):
EUS-biopsy-tissue (left) and resected specimen tissue (right). Cell nuclei (brown
color) are positive for Ki-67 while other cell nuclei (blue color) are negative for
Ki-67. Scale bar equals 50 μm. A and B: Case #18, Neo- group (KIT exon 11
D579del, Ki-67EUS: 6.6%, Ki-67SURG: 6.3%); C and D: Case #22, Neo + s group
(KIT exon 11 V559D, Ki-67EUS: 5.6%, Ki-67SURG 0.3%); E and F: Case #26, Neo
+ r group (PDGFRA exon 18 p.D842V, Ki-67EUS: 2.7%, Ki-67SURG 2.5%). EUS:
Endoscopic ultrasound.

importantly, in patients who are sensitive to imatinib
and who are treated with neoadjuvant imatinib, the Ki67-index of FNB-biopsies probably better reflects the
accurate proliferation rate of tumors compared with
the Ki-67-index of resected specimens, which may
erroneously be found to be low. A substantial danger
of the overestimation of survival and the underprescription of adjuvant therapy can emerge in these
groups of patients. An assessment of the mitotic rate
of specimens obtained by FNB-biopsy is probably
challenging, and it was not an aim of this study. The
maximum quantity of FNB-material obtained in this
study reached 40 high-power fields.
The pretreatment assessment of the Ki-67-index
has a range of clinical applications. This assessment
provides clinicians with prognostic information for a
discussion of therapeutic options with their patients.
The tumor response to neoadjuvant treatment by
measurement of the reduction in the Ki-67-index, as
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The early personalized management and treatment of gastrointestinal stromal
tumors (GISTs) require an extensive characterization of individual tumors.
Information on the tumor proliferation rate and the KIT- and platelet-derived
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growth factor alpha-mutation profile is essential.

Research frontiers

Endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) has been
reported to be suboptimal for the diagnosis of GIST, but endoscopic ultrasound
(EUS)-guided biopsy sampling (EUS-FNB) has not been evaluated for the
characterization of GISTs. Neither the Ki-67 index nor KIT/PDGFRA-sequencing
has been evaluated in EUS-FNB-tissue.

8

Innovations and breakthroughs

9

This prospective, long-term study showed that EUS-FNB was safe and highly
accurate for the pretreatment diagnosis of GISTs, for the sequencing of KIT
and PDGFRA, and for the assessment of the tumor proliferation rate (Ki67-index). To the best of our knowledge, other relevant publications in this
field demonstrate a diagnostic accuracy of EUS-FNA of approximately 50%.
The sequencing of EUS-FNA-smears of GIST has not been evaluated in a
prospective cohort but only in a single, retrospective study that included 20
patients.

10

Applications

By obtaining the extensive, preoperative diagnostic and prognostic information
described in the present study, it will be possible to personalize the clinical
and surgical management of patients with GIST especially with respect to the
guidance and evaluation of neoadjuvant imatinib therapy.

11

Peer-review

This manuscript is about endoscopic ultrasound-guided biopsy in the diagnosis
of gastrointestinal stromal tumors and evaluating neoadjuvant imatinib by
sequencing of EUS-biopsies. It’s an interesting and valuable manuscript.
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AIM
To evaluate a novel grading system to predict lymph
node metastasis (LNM) in patients with submucosal
invasive colorectal carcinoma (SICRC).
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METHODS
We analyzed the associations between LNM and various
clinicopathological features in 252 patients with SICRC
who had undergone radical surgery at the Seoul Saint
Mary’s hospital between 2000 and 2015.
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RESULTS
LNM was observed in 31 patients (12.3%). The depth
and width of the submucosal invasion, lymphatic
invasion, tumor budding, and the presence of poorly
differentiated clusters (PDCs) were significantly
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Various histopathological parameters such as
angiolymphatic invasion, poor tumor differentiation,
and the depth and/or width of submucosal invasion
are reported to be associated with LNM in patients
[3-6]
with SICRC . The 2014 guidelines of the Japanese
Society for Cancer of the Colon and Rectum (JSCCR)
for the treatment of colorectal cancer (CRC) by endo
scopic resection, suggest that cases with tumorpositive vertical resection margin, submucosal invasion
of ≥ 1000 µm, and unfavorable histology such as
poorly differentiated adenocarcinoma, signet-ring
cell carcinoma, or mucinous carcinoma should be
[7]
considered for additional surgery with LN dissection .
The presence of vascular invasion and/or grade 2/3
budding at the site of the deepest invasion are also
included as surgical candidates.
However, not all surgical cases of SICRC present
LNM, resulting in overtreatment. Conversely, some
[2,6,8,9]
patients without surgery eventually present LNM
.
In order to provide the appropriate treatment to
patients with SICRC, and reduce the number of
unnecessary additional surgical resections, there needs
to be an improvement in discriminating between
patients with a high risk of developing LNM and those
with a low risk of developing LNM.
In this study, we analyzed the incidence of LNM
in relation to several histopathological findings in a
large cohort of patients with SICRC, with an aim to
help pathologists and clinicians in identifying the best
treatment strategy for such patients.

associated with the incidence of LNM. Using multivariate
analysis, the receiver operating characteristic curvewas
calculated and the area under curve (AUC) was used
to compare the ability of the different parameters to
identify the risk of LNM. The most powerful clinico
pathological parameter for predicting LNM was
lymphatic invasion (difference AUC = 0.204), followed
by the presence or absence of tumor budding (difference
AUC = 0.190), presence of PDCs (difference AUC =
0.172) and tumor budding graded by the Ueno method
(difference AUC = 0.128).
CONCLUSION
Our results indicate that the tumor budding and
the depth multiplied by the width measurements of
submucosal invasion can provide important information
for patients with SICRC.
Key words: Colorectal cancer; Neoplasm invasion;
Lymph node; Metastasis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The appropriacy of endoscopic resection for
patients with submucosal invasive colorectal carcinoma
(SICRC) is still questionable. Therefore, highly precise
predictors of lymph node metastasis (LNM) are needed
to optimize the outcome of treatments for SICRC.
We determined the value of a novel grading system
based on histopatholological parameters to predict
LNM in patients with SICRC. Our results indicate that
the presence or absence of tumor budding and the
depth multiplied by the width measurements of the
submucosal invasion can provide important information
regarding the treatment options for patients with
SICRC.

MATERIALS AND METHODS
Patients and clinicopathological data

A total of 252 patients with SICRC who had undergone
surgery for systematic lymph node dissection in Seoul
Saint Mary’s hospital between 2000 and 2015 were
enrolled in this study. Clinicopathological parameters
including age, sex, tumor location, size, and LNM
status were reviewed retrospectively from the medical
records. Approval for this study was acquired from the
Institutional Review Board of the College of Medicine at
the Catholic University of Korea (KC16RISI0817).

Yim K, Won DD, Lee IK, Oh ST, Jung ES, Lee SH. Novel
predictors for lymph node metastasis in submucosal invasive
colorectal carcinoma. World J Gastroenterol 2017; 23(32):
5936-5944 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i32/5936.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i32.5936

Histopathological analysis

Hematoxylin and eosin stained tumor sections
were evaluated for the following: depth and width
of the submucosal invasion, tumor budding, poorly
differentiated clusters (PDCs), histological grade,
lymphatic invasion, venous invasion, perineural
invasion, peritumoral inflammation, and desmoplasia.
Two pathologists (Lee SH and Yim KI) independently
examined each tumor section.

INTRODUCTION
Endoscopic resection of intramucosal carcinomas is
considered to be a curative therapy since the risk
[1]
of lymph node metastasis (LNM) is low . However,
up to 12% of patients with submucosal invasive
[2,3]
colorectal carcinoma (SICRC) have LNM , and it
is unclear whether endoscopic resection is the most
appropriate treatment option for these patients. Prior
to endoscopic resection, patients with SICRC require
careful pathological assessment to determine whether
there is a significant risk of LNM which may require
[4]
additional surgical treatment .

WJG|www.wjgnet.com

Depth of submucosal invasion

The depth of submucosal invasion was measured by
three methods. The first method followed the JSCCR
[10]
guidelines . In brief, when the muscularis mucosa
(MM) was clearly visible, the depth of the submucosal
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Lymphatic and vascular invasion

The diagnosis of lymphatic invasion was made based
on the presence of at least one tumor cell cluster within
vascular space lined by a single layer of endothelial
cells with no supporting smooth muscle, elastic lamina
and/or red blood cells, whose lumens are sometimes
filled with lymphocytes. Similarly, we defined vascular
invasion as tumor cell nests in spaces that were lined
by endothelium and filled with red blood cells, located
in the vicinity of an artery and distant from the main
lesion. Tumor cell nests in spaces that were not lined
by endothelial cells were considered as stromainvasive tumor cell nests, that is, retraction artifacts
due to tissue shrinkage during fixation. In this study,
only tumor cell nests in spaces lined by endothelial
cells were counted as lymphovascular invasion.
Additional immunohistochemical staining with
Podoplanin (clone D2-40, 1:50, Cell Marque, Hot
Springs, AR, the United States of America), to detect
lymphatic invasion, and with CD34 (clone QBEnd 10,
1:100, DAKO, Glostrup, Denmark) or CD31 (clone
JC70A, 1:200, Dako, Glostrup, Denmark), to detect
venous invasion were performed in those sections in
which it was difficult to judge the presence or absence
of lymphovascular invasion.

Figure 1 Representative histopathological micrograph of tumor budding
(magnification × 400). Hematoxylin and eosin staining of a tumor section
showing tumor budding (black arrows) at the invasive front.

invasion was measured from the lowest border of
the MM to the deepest invasion front. When the MM
was deformed or not easily identified, the depth of
the submucosal invasion was measured from the
surface of the tumor to the invasion front, for both
pedunculated and sessile forms. For pedunculated
lesions with tangled MM, the depth of the submucosal
invasion was measured as the distance between the
boundary line of the head and stalk (level 2 by Haggitt
classification) and the deepest point of the tumor. The
second method followed the protocol by Kitajima
[5]
et al The tumor was classified as a pedunculated or
sessile type with an identifiable MM or a sessile type
without an identifiable MM. For pedunculated lesions,
the depth of the submucosal invasion was measured
as the distance between Haggitt’s level 2 and the
deepest invasion point. For sessile tumor types with an
identifiable MM, the depth of invasion was measured
from the lowest border of the MM to the deepest
invasion front. For sessile tumor types without an
identifiable MM, the depth of the submucosal invasion
was measured from the surface of the tumor to the
invasion front. Lastly, we followed the method by Ueno
[6]
et al . The depth of the submucosal invasion was
simply measured as the distance between the tumor
surface and the deepest invasion point.

Tumor budding

An isolated tumor cell or small clusters of < 5 cancer
cells in the invasive front was defined as tumor
budding (Figure 1). In the present study, this was
assessed by two different methods. The method
[6]
described by Ueno et al identified a microscopic
field with intense budding and counted the number
of budding foci using the × 20 objective lens and
classified the number of foci by grade (grade 0; 0
focus, grade 1; 1-4 foci, grade 2; 5-9 foci, grade 3;
≥ 10 foci per field). The second method assessed the
presence or absence of the tumor budding.

PDCs

PDCs were defined as cancer cell clusters of ≥ 5
carcinoma cells that are lacking a glandular formation at
the invasive front (Figure 2). However, when evaluating
the mucinous adenocarcinoma, cancer cell clusters
within a large mucin pool were not classified as PDCs;
whereas, cancer cell clusters infiltrating the stroma with
minimal extracellular mucin formation were classified
[11]
as PDCs . In our study, the assessment of PDCs was
based on the presence or absence of PDCs.

Width of submucosal invasion

The width of the submucosal invasion was defined as
the largest (longest) horizontal measurement of the
submucosal invasive area.

Depth multiplied by width

Statistical analysis

Assuming the shape of the submucosal invasion was
an ellipse, the area is π × depth × width. Therefore,
we postulated that the depth multiplied by width
could represent the area of submucosal invasion. The
results of depth multiplied by width were obtained by
the three different methods described previously for
measuring the depth of invasion.

WJG|www.wjgnet.com

χ 2 test, Fisher’s exact test, or Wilcoxon rank sum test
were used to analyze the differences between the
absence and presence of LNM. When predicting LNM,
the sensitivity, specificity, accuracy, positive predictive
value (PPV), and negative predictive value (NPV) were
evaluated for each factor. Using multivariate logistic
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clinicopathological characteristics are summarized in
Table 1.

LNM in relation to histopathological parameters

Table 1 summarizes the correlations between the
histopathological parameters and LNM. The depth
and width of the submucosal invasion, depth multi
plied by width measurement, and the presence of
lymphatic invasion, tumor budding, and PDCs were
all significantly associated with the incidence of LNM.
The depth multiplied by width values were significantly
higher in tumors with LNM than in tumors without
LNM, irrespective of the method used (P < 0.001). The
incidence of LNM was 23.3% in tumors with tumor
budding and 0% in cases without tumor budding (P <
0.0001).

Figure 2 Representative histopathological micrograph of poorly
differentiated clusters (magnification × 400). Hematoxylin and eosin stain
of tumor section showing cancer cell clusters of ≥ 5 carcinoma cells lacking a
glandular formation (poorly differentiated clusters, black arrows).

Comparison of risk factors for LNM

ROC curve for comparisons

regression analysis, ROC was calculated and the AUC
was used to compare how effective the parameters
were at identifying the risk of LNM; tumor type and
desmoplasia were used as compounding factors. Twosided P values of < 0.05 were considered statistically
significant. JMP software (version 9.0.2; SAS Institute,
Cary, NV, the United States of America) was used for
all statistical calculations.

The sensitivity, specificity, accuracy, PPVs, and
NPVs were calculated for the parameters that were
significantly associated with LNM using univariate
analysis (Table 2). In addition, ROC curves were
obtained for each parameter and the AUC was used
to compare how well the various risk factors could
identify the risk of LNM (Table 3 and Figure 3).
We found that the JSCCR method for measuring
the depth of invasion was the most predictive for
LNM (difference AUC = 0.026). In addition, the width
of the submucosal invasion was more accurate for
predicting LNM than the depth of invasion (difference
AUC = 0.053). Furthermore, when using the JSCCR
method for the depth of invasion, we found that the
depth multiplied by width was even more powerful
than the depth of invasion or width of invasion alone
(difference AUC = 0.063). Meanwhile, the most
powerful clinicopathological parameter for predicting
LNM was lymphatic invasion (difference AUC = 0.204),
followed by the presence or absence of tumor budding
(difference AUC = 0.190), PDCs (difference AUC =
0.172) and tumor budding assessed using the Ueno
method (difference AUC = 0.128). Simply classifying
tumor budding by the presence or absence was more
predictive than the method proposed by Ueno.

RESULTS

DISCUSSION

Patients and clinicopathological data

The presence of LNM is known to be one of the
most significant and independent predictor for 5
years cancer specific survival and 5 years disease[12]
free survival in patients with SICRC . It is essential
to select the most appropriate treatment options
considering the risk of LNM. However, each treatment
modality needs to balance a potential cure with the
mortality and morbidity risks that accompany such
treatment options. Therefore, it is crucial to identify
those patients with a potential risk for LNM before
proceeding with additional surgical treatments.
To date, various histopathological parameters,

1.00
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Kitajima (depth)(0.6504)
Width (0.6921)
Kitajima (depth × width)(0.6811)
Budding (Ueno)(0.7677)
Budding (present or absent)(0.8297)
JSCCR (depth)(0.6659)
Ueno (depth)(0.6637)
JSCCR (depth × width)(0.7029)
Ueno (depth × width)(0.6994)
Lymphatic invasion (0.8434)
PDC (0.8114)
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Figure 3 Comparison of receiver operating characteristic curves by
multivariate logistic regression tests. Desmoplaisa and tumor type were
used as compounding factors.

Of the 252 patients, 130 were male and 122 were
female; the mean age was 61.8 years. One hundred
and fifty eight patients had tumors in the colon,
including 1 in the vermiform appendix, and 94 in the
rectum. The mean tumor size was 20.6 mm (range
2.0 mm-65.0 mm). LNM were observed in 31 cases
(12.3%). Tumor budding was identified in 133 cases
(52.8%) and 86 cases (34.1%) were grade 2 or 3
using the Ueno method [grade 0; 119 cases (47.2%),
grade 1; 47 cases (18.7%), grade 2; 46 cases
(18.2%), grade 3; 40 cases (15.9%)]. The baseline
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Table 1 Univariate analysis of clinicopathological and histological parameters for lymph node metastasis
P value

LNM
Age (yr)
Sex
Male
Female
Tumor location
Ascending colon
Transverse colon
Descending colon
Sigmoid colon
Rectosigmoid colon
Rectum
Cecum
Vermiform appendix
Tumor size (cm)
Tumor type
Pedunculated type
Sessile type
Depth of submucosal invasion
by JSCCR (μm)
< 1000
≥ 1000
by Kitajima (μm)
< 1000
≥ 1000
by Ueno (μm)
< 1000
≥ 1000
Width of submucosal invasion (μm)
< 4000 μm
≥ 4000 μm
Depth multiplied by width
by JSCCR (mm2)
< 6.5
≥ 6.5
by Kitajima (mm2)
< 6.5
≥ 6.5
by Ueno (mm2)
< 6.5
≥ 6.5
Tumor differentiation
Well and moderately
Poorly
Lymphatic invasion
No
Yes
Venous invasion
No
Yes
Perineural invasion
No
Yes
Inflammation
No
Yes
Desmoplasia
No

WJG|www.wjgnet.com

No (n = 221)

Yes (n = 31)

61.81 ± 11.40
63.0 (31.0, 86.0)

61.35 ± 10.63
66.0 (38.0, 78.0)

0.8334

115 (88.46)
106 (86.89)

15 (11.54)
16 (13.11)

0.7205

34 (89.48)
12 (85.71)
6 (100.00)
73 (91.25)
14 (93.33)
78 (82.98)
3 (75.00)
1 (100.00)
2.05 ± 1.67
1.8 (0.2, 6.5)

4 (10.52)
2 (14.29)
0 (0.00)
7 (8.75)
1 (6.67)
16 (17.02)
1 (25.00)
0 (0.00)
2.07 ± 1.27
2.0 (0.4, 6.5)

0.6018

84 (93.33)
137 (84.57)

6 (6.67)
25 (15.43)

0.0424

2473.94 ± 2003.78
2200.0 (0.0, 13500.0)
46 (100.00)
175 (84.95)
1944.3 ± 1885.18
1900.0 (0.0, 13500.0)
76 (95.00)
145 (94.30)
2671 ± 1898.39
2300.0 (50.0, 13500.0)
34 (100.00)
187 (85.78)
5831.45 ± 4724.02
5000.0 (50.0, 31000.0)
87 (96.67)
134 (82.72)

3777.42 ± 2167.10
3500.0 (1050.0, 12000.0)
0 (0.00)
31 (15.05)
3380.65 ± 2390.28
3000.0 (500.0, 12000.0)
4 (5.00)
27 (15.70)
3908.06 ± 2147.17
3500.0 (1050.0, 12000.0)
0 (0.00)
31 (14.22)
9261.29 ± 4692.03
8000.0 (1900.0, 21000.0)
3 (3.33)
28 (17.28)

0.0002

20.22 ± 35.07
11.6 (0.0, 303.8)
84 (98.82)
137 (82.04)
16.79 ± 34.52
8.8 (0.0, 303.8)
100 (95.24)
121 (82.31)
20.91 ± 34.82
12.8 (0.0, 303.8)
76 (98.70)
145 (82.86)

38.91 ± 36.50
26.6 (2.0, 163.8)
1 (1.18)
30 (17.96)
36.42 ± 37.97
23.1 (2.0, 163.8)
5 (4.76)
26 (17.69)
40.12 ± 36.52
26.6 (2.0, 163.8)
1 (1.30)
30 (17.14)

< 0.0001

211 (87.92)
10 (83.33)

29 (12.08)
2 (16.67)

0.6470

190 (95.96)
31 (57.41)

8 (4.04)
23 (42.59)

< 0.0001

215 (87.76)
6 (85.71)

30 (12.24)
1 (14.29)

1.0000

219 (87.60)
2 (100)

31 (12.40)
0 (0.00)

1.0000

100 (87.72)
121 (87.68)

14 (12.28)
17 (12.32)

1.0000

106 (92.17)

9 (7.83)

0.0550
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0.6902

0.0021
0.0002
0.0218
0.0002
0.0113
< 0.0001
0.0010

< 0.0001
< 0.0001
0.0017
< 0.0001
0.0001
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Yes
Tumor budding
Ueno
Grade 0, 1
Grade 2, 3
Present or absent
No
Yes
PDCs
No
Yes

115 (83.94)

22 (16.06)

158 (95.18)
63 (73.26)

8 (4.82)
23 (26.74)

< 0.0001

119 (100)
102 (76.69)

0 (0.00)
31 (23.31)

< 0.0001

110 (100.00)
111 (78.17)

0 (0.00)
31 (21.83)

< 0.0001

Data are presented as n (%) and as mean ± SD, median (range). P value of significant difference between present/absent of LMN, by χ 2, Fisher's exact,
Wilcoxon rank sum test. LNM: Lymph node metastasis; JSCCR: Japanese Society for Cancer of the Colon and Rectum; PDCs: Poorly differentiated clusters.

Table 2 Predictive powers of histopathological factors for lymph node metastasis

Depth of submucosal invasion
by JSCCR
by Kitajima
by Ueno
Width of submucosal invasion
Depth multiplied by width
by JSCCR
by Kitajima
by Ueno
Lymphatic invasion
Tumor budding
by Ueno
Present or absent
PDCs

Sensitivity

Specificity

Accuracy

Positive P value

Negative P value

100.00%
87.10%
100.00%
90.32%

20.81%
34.39%
15.38%
39.37%

30.56%
40.87%
25.79%
45.63%

15.05%
15.70%
14.22%
17.28%

100.00%
95.00%
100.00%
96.67%

96.77%
83.87%
96.77%
74.19%

38.01%
45.25%
34.39%
85.97%

45.24%
50.00%
42.06%
84.52%

17.96%
17.69%
17.14%
42.59%

98.82%
95.24%
98.70%
95.96%

74.19%
100.00%
100.00%

71.49%
53.84%
49.77%

71.83%
59.52%
55.95%

26.74%
23.31%
21.83%

95.18%
100.00%
100.00%

JSCCR: Japanese Society for Cancer of the Colon and Rectum; PDCs: Poorly differentiated clusters.

Table 3 Comparison of histopathological factors for predicting of lymph node metastasis by multivariate analysis
Model

AUC

SE

95%CI

Difference AUC

95%CI

P value

Crude (unadjusted)
JSCCR (depth)
Kitajima (depth)
Ueno (depth)
Width
JSCCR (depth × width)
Kitajima (depth × width)
Ueno (depth × width)
Budding (ueno)
Lymphatic invasion
Budding present itself
PDCs

0.640
0.666
0.650
0.664
0.692
0.703
0.681
0.699
0.768
0.843
0.830
0.811

0.046
0.041
0.044
0.042
0.040
0.038
0.042
0.038
0.044
0.041
0.0277
0.0296

(0.549, 0.730)
(0.585, 0.747)
(0.565, 0.736)
(0.582, 0.746)
(0.613, 0.771)
(0.629, 0.776)
(0.599, 0.763)
(0.624, 0.775)
(0.682, 0.853)
(0.763, 0.924)
(0.776, 0.884)
(0.753, 0.870)

0.026
0.011
0.024
0.053
0.063
0.042
0.060
0.128
0.204
0.190
0.172

(0.009, 0.043)
(-0.022, 0.043)
(0.009, 0.040)
(-0.007, 0.112)
(0.024, 0.103)
(-0.002, 0.085)
(0.020, 0.099)
(0.043, 0.214)
(0.114, 0.294)
(0.106, 0.274)
(0.087, 0.256)

0.0022
0.5103
0.0024
0.0829
0.0017
0.0612
0.0030
0.0033
< 0.0001
< 0.0001
< 0.0001

Crude: Tumor type, desmoplasia each model was adjusted to the tumor type and desmoplasia. AUC: Area under curve; JSCCR: Japanese Society for Cancer
of the Colon and Rectum; PDCs: Poorly differentiated clusters.

including those related to the degree of submucosal
invasion (measured as the depth or width of the
submucosal invasion) and the status of the MM, have
been proposed to predict the risk of LNM in patients
with SICRC. The depth of submucosal invasion has
long been identified as a predictor of LNM in SICRC,
but the level of submucosal invasion associated
with LNM and how the depth of invasion should be
measured remain undefined. Several measurement
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systems have been proposed to evaluate the depth of
the submucosal invasion in SICRC, although there are
still controversies regarding their ability to accurately
[8]
predict LNM. Haggitt et al revealed that level 4
invasion is an adverse prognostic factor associated with
[8]
LNM in cases of the pedunculated type of SICRC .
[2]
Similarly, Kikuchi et al showed that the submucosal
invasion level in sessile type tumors is an important
risk factor for the development of LNM and local
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recurrence.However, the Haggitt system is of little use
in sessile type tumors without an identifiable stalk,
which are always classified as level 4. The Kikuchi
system is difficult to apply to specimens obtained by
endoscopic resection as they do not usually include the
muscularis propria and therefore submucosal invasion
levels cannot easily be evaluated. For both the Haggitt
and Kickuchi systems to be successfully applied, the
tumors should be resected en bloc.
Owing to the variability in the shapes of SICRCs,
the usefulness of quantitatively measuring the actual
submucosal depth from the MM as an invasion value is
[5,7]
being widely accepted . In the JSCCR guidelines, a
depth of submucosal invasion of 1000 μm or more has
been adopted as the criteria for additional intestinal
[7]
resection . Similarly, in the present study, we found
that a submucosal invasion depth of 1000 μm or more
was significantly correlated with the incidence of LNM.
In the evaluation of SICRC, there have been
difficulties in identifying the depth of the submucosal
invasion, because the MM is sometimes poorly
defined and disrupted, leading to variability in the
measurements. Moreover, the greater the length
of the submucosal invasive fronts, the higher the
chances of contact with and subsequent invasion into
[6]
the lymphovascular structures. Thus, Ueno et al
addressed the importance of the width of submucosal
invasion in predicting LNM. They suggested that a
submucosal invasion width of ≥ 4000 μm together with
an invasion depth of ≥ 2000 μm could increase the
[6]
probability of LNM . The chances of the lymphovascular
invasion would be higher with a greater area of
[13]
submucosal invasion. Toh et al introduced the area of
tumor involvement within the submucosa as a predictor
for LNM, suggesting that the assessment of the
submucosal invasion area would provide more valuable
information.
Our study revealed that lymph node-positive
SICRCs had a significantly greater width of invasion
(P = 0.001) and multiplication of depth and width
of invasion (P < 0.001) compared with those of
lymph node-negative SICRCs. Additionally, the ROC
analysis demonstrated that the width of invasion
and multiplication of depth and width of invasion had
increased sensitivity and specificity compared with
the submucosal invasion depth in predicting LNM.
[13]
Toh et al
measured the area of submucosal tumor
involvement very accurately using digital pathology,
which is impractical and laborious for routine clinical use.
On the other hand, in the present study, we assessed
the depth and width of the submucosa invasion, and
then simply multiplied these two parameters. This
can easily be applied in routine practice. Moreover, we
have found that the multiplication of depth and width
of submucosal invasion, roughly reflects the area of
submucosal invasion. It showed to be a good predictor
for LNM.
Tumor budding means individual malignant cells
and/or small clusters of undifferentiated malignant cells

WJG|www.wjgnet.com

seen in the tumor stroma, which are located near the
[14]
invasive front of the tumor . It has been associated
with the process of epithelial-mesenchymal transition
(EMT), which gives tumor cells a more mesenchymal
phenotype with increased migratory capacity and
[15]
invasiveness .Tumor budding is postulated to be
akin to EMT, and is now considered a predictor of LNM,
lymphovascular invasion, tumor relapse and poor
[14]
prognosis among CRC patients of all stages . In the
same context, it is proposed as an adverse prognostic
factor in early CRC by the European Society for Medical
[16]
Oncology consensus guidelines . Nevertheless,
tumor budding has not yet been used in routine
clinical practice, because there is no consensus criteria
concerning the exact definition, and methodology of
assessment. Therefore, standardization of methods for
defining and quantifying tumor budding is needed to
unequivocally confirm its prognostic value.
The present study defined tumor budding by its
presence or absence and demonstrated that tumor
budding was the second highest impact factor for
predicting LNM in patients with SICRC, after lymphatic
invasion. Moreover, in the evaluation of tumor budding,
we revealed that our classification is superior to that
[6]
of Ueno et al suggesting that presence of tumor
budding itself can significantly affect patient outcomes.
In addition, our defining system is more practical since
[17]
it does not require any additional grading procedures .
Recent studies have emphasized the potential role
of PDC as a prognostic marker for LNM in SICRC, and
the present study confirmed the significant impact of
[11,18]
PDC in identifying the risk of LNM
. Furthermore,
both ROC curves of tumor budding and PDC showed
a relatively large AUC, suggesting that these two
parameters had high sensitivity and specificity in
predicting LNM compared with submucosal invasion
depth, width and multiplication of depth and width.
Many researchers have shown that there is a
directly proportional relationship between the number
of examined lymph nodes and survival, particularly in
[19-22]
patients with advanced CRC
. Similarly, Wang
[23]
et al revealed that the total number of lymph nodes
sampled significantly correlated with the prognosis
of SICRC. Therefore, retrieving a sufficient number
of nodes is crucial for investigating the relationship
between clinicopathological parameters and lymph
node status in CRC. However, most previous studies
with early CRC have reported upon a relatively small
number of lymph nodes: mean number of 9.4 ± 7.8
[23]
retrieved lymph nodes in the study by Wang et al
[24]
10 in the study by Okabe et al
and 14 in the study
[25]
by Tateishi et al . A median of 18 lymph nodes were
retrieved in our study, which is the largest number
collected to date.
This study has several limitations. First, it is a
retrospective cohort study that has a relatively low
statistical power due to the small number of SICRC
with LNM. In addition, SICRC case selection in this
study might have been biased toward those with high
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risk for LNM. Therefore, a prospective trial with large
scaled cohort is necessary to verify the findings of this
study. Despite these limitations, our study revealed
relatively simple and novel predictors for LNM in
SICRC.
In conclusion, we have revealed that the presence
of tumor budding might be a powerful predictor for
LNM in patients with SICRC. In addition, we have
found that submucosal invasion depth and width were
significantly correlated with the incidence of LNM.
In particular, the multiplication of depth and width
measurements of the submucosal invasion proposed
in our study may provide important information
regarding treatment options for patients with SICRC.
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Abstract

Institutional review board statement: This study was
reviewed and approved by the Medical Ethics Committees of the
General Hospital of Chinese People’s Liberation Army and China
Medical University.

AIM
To observe changes in gastric biomarker levels with age
and effects of Helicobacter pylori (H. pylori ) infection
in a healthy population, and explore factors associated
with gastric biomarkers.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS
Three hundred and ninety-five subjects were selected
and underwent physical examinations, biochemical
tests, and measurement of serum pepsinogen (PG)

Conflict-of-interest statement: There are no conflicts of
interest to report.
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Ⅰ and Ⅱ, gastrin-17 (G-17) and H. pylori antibody
levels. Analyses were made by Student’s t -test, ANOVA,
Pearson’s correlation and multiple linear regressions.

i32.5945

RESULTS
PGII levels were higher in the ≥ 65-years-old age
group (P < 0.05) and PGI/PGII were lower in the
≥ 75-years-old age group (P = 0.035) compared to
the 35-44-years-old age group. Levels of low-density
lipoprotein cholesterol (LDL-C) were higher (P = 0.009)
in H. pylori -infected subjects that were male. LDL-C
levels were higher in 55-74-years-old age group (P <
0.05) for H. pylori -infected subjects and 45-64-yearsold age group (P < 0.05) for non-infected subjects
compared to 35-44-years-old age group. Hp-IgG level
positively correlated with PGⅠ, PGⅡ and G-17 (P <
0.001, P < 0.001, P = 0.006), and negatively correlated
with PGI/PGII (P < 0.001). Creatinine positively
correlated with PGⅠ, PGⅡ and G-17 (P < 0.001, P
< 0.001, P < 0.001). Fasting blood glucose (FBG)
positively correlated with PGⅠ/PGⅡ and G-17 (P <
0.001, P = 0.037). Age positively correlated with PGII
and G-17 (P = 0.005, P = 0.026).

INTRODUCTION
Ageing of the gastric tract is an early manifestation
of overall ageing, and mainly presents as a decline
in the secretory function of the gastric mucosa.
Histomorphological studies have demonstrated that
[1-3]
atrophy of gastric mucosa increases with age . In
addition, studies have also shown that Helicobacter
pylori (H. pylori) infection plays an important role in
[4]
the progression of gastric mucosa lesions . It has
been demonstrated that the prevalence of H. pylori
infection increases with age, and H. pylori is closely
related with the occurrence and development of peptic
[5,6]
ulcers, chronic atrophic gastritis and gastric cancer .
Serum pepsinogen (PG) levels reflect the number
of glands and cells in gastric corpus mucosa. Therefore,
they can reflect the secretory function of the gastric
[7-10]
mucosa
. It has been reported that the levels of
serum PGs are influenced by age, sex, pathophysiologic
[11]
status of gastric mucosa and H. pylori infection .
Thus, serum PGs are indicators of the functional and
morphological status of gastric corpus mucosa, and
lower serum levels of PGⅠ or PGⅠ/PGⅡ represent
existence and degree of atrophy in gastric corpus
[12]
mucosa .
Serum level of gastrin-17 (G-17) can act as a
biomarker that reflects the function and structure of
gastric antral mucosa. Combining serum PG and G-17
levels has been shown to provide diagnostic information
[13-16]
on gastric mucosa
, and may also reflect the degree
of gastric aging. Non-invasive biomarker tests may,
therefore, evaluate the secretory function of gastric
mucosa and differentiate pathological conditions, such
as H. pylori-associated gastritis and atrophic gastritis,
from the healthy condition by combining tests for PGs,
[17]
G-17 and H. pylori-immunoglobulin G (Hp-IgG) .
Previous studies have investigated patients with
peptic ulcer, chronic atrophic gastritis and gastric
cancer. To date, few studies have observed levels of
the aforementioned biomarkers and effects of H. pylori
infection in a healthy ageing population nor explored
the associated factors. In our study, we selected PGs
and G-17 as gastric biomarkers and measured their
serum levels along with Hp-IgG. The aim of the current
study was to observe changes in gastric biomarker
levels with age in a healthy Chinese population and
effects of H. pylori infection on biochemical tests, as
well as to explore associated factors which influence
the levels of gastric biomarkers.

CONCLUSION
PGII levels increased while PGI/PGII declined with
age in a healthy population. H. pylori infection had
an effect on raising LDL-C levels to increase the risk
of atherosclerosis in males, especially those of elderly
age. Age, H. pylori infection, levels of renal function
and FBG were associated with levels of pepsinogens
and gastrin.
Key words: Helicobacter pylori antibody; Pepsinogen;
Gastrin; Gastric ageing
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our study showed that in an entire healthy
population, levels of serum pepsinogen (PG) Ⅱ in
creased while PGⅠ/PGⅡ declined with age. We dis
covered that Helicobacter pylori (H. pylori ) infection
had an effect on raising levels of low-density lipoprotein
cholesterol to increase the risk of atherosclerosis in
males, especially those who are elderly. We also found
that age, H. pylori infection, serum levels of renal
function indicators and fasting blood glucose (FBG)
were associated with levels of serum PGs and gastrin;
it was assumed that they may influence the secretory
function of gastric mucosa and that abnormal serum
levels of FBG and renal function might participate in the
occurrence and development of gastric diseases.
Shan JH, Bai XJ, Han LL, Yuan Y, Sun XF. Changes with aging
in gastric biomarkers levels and in biochemical factors associated
with Helicobacter pylori infection in asymptomatic Chinese
population. World J Gastroenterol 2017; 23(32): 5945-5953
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i32/5945.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
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MATERIALS AND METHODS
Study subjects

This was a cross-sectional study of a healthy population,
defined as having no respiratory, cardiovascular,
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Helsinki, Finland). All procedures were carried out
according to the manufacturer’s instructions.

100
80
60
40
20
0

Study groups

PGⅠ (μg/L)
PGⅡ (μg/L)
PGⅠ/PGⅡ
G-17 (pmol/L)

35-44

45-54

55-64
Age/yr

aa

ab

65-74

aa
≥ 75

Subjects were divided into five age groups (35-44,
45-54, 55-64, 65-74 and ≥ 75 years). Hp-IgG-positive
or -negative groups (Hp-IgG-positive defined as serum
[19]
Hp-IgG ≥ 35 EIU) were also established.

Statistical analysis

Serum biomarker levels and serum biochemical tests
were analyzed in H. pylori-positive and H. pylorinegative patients, separately in male and female
subjects, by Student’s t-test. Levels of serum gastric
biomarkers among age groups and levels of serum
gastric biomarkers and biochemical tests among
age groups divided by H. pylori infection status were
compared by ANOVA, and multiple comparisons were
carried out by the Bonferroni method (homogeneity
of variance) or Tamhane method (heterogeneity
of variance). Relationships among serum gastric
biomarker levels, age and biochemical tests were
analyzed by Pearson’s correlation coefficient matrix.
Serum gastric biomarkers as dependent variables
and other related factors as independent variables
were analyzed by multiple linear regression analysis
with stepwise method and multiple-colinearity. For all
statistical analyses, we used SPSS V.17.0, and a twosided P value of < 0.05 was considered statistically
significant.

Figure 1 Comparison of serum gastric biomarker levels in various age
groups. There was no significant difference in serum levels of PGI and G-17
between each age group with increasing age. In contrast, serum levels of PGII
increased with age, and were significantly higher in subjects ≥ 65-yearsold compared to 35-44-years-old group. The ratio of PGI/PGII decreased
with age, and was significantly lower in subjects ≥ 75-years-old compared to
35-44-years-old group. The “a” denotes comparison with 35-44-years-old age
group, aP < 0.05, bP < 0.01. G-17: Gastrin-17; PGⅠ: Pepsinogen Ⅰ; PGⅡ:
Pepsinogen Ⅱ.

digestive, neurological, endocrine or urinary system
diseases, as well as having absence of neoplastic and
chronic infectious diseases and no history of psychiatric
disorders. We screened 505 healthy persons out of 1500
volunteers in Shenyang, China between September
2007 and June 2008. The screening included inquiries
on medical history, symptoms, smoking, alcohol intake,
diet and family history obtained by a questionnaire
that was completed by each participant. Physical
examinations (i.e., electrocardiogram, chest radiograph,
etc.) were carried out along with biochemical tests,
including assessments of fasting blood glucose (FBG),
blood lipids, liver function, renal function and uric acid
levels.
A total of 395 subjects (168 males and 227
females) out of the 505 persons, having a mean age of
59.4 years (range: 37-87 years), were enrolled from
November 2010 to May 2011 by the same screening
method. Patients with circulatory, respiratory, endocrine,
neurological, digestive, urinary diseases and chronic
infections or neoplastic diseases, or abnormal physical
examinations and test results, as well as those with
psychiatric disorders or who were unable to complete
instructions and self-evaluations were excluded. Blood
samples were obtained and sera were stored (within 2
h of collection) at -75 ℃ until use for measurement of
gastric biomarker levels (within 6 mo).
Informed consent was obtained from each parti
cipant. This study was reviewed and approved by
the Medical Ethics Committees of General Hospital of
Chinese People's Liberation Army and China Medical
University.

RESULTS
Comparison of serum gastric biomarker levels in
various age groups

There was no significant difference in serum levels of
PGⅠ and G-17 between each age group with increasing
age. In contrast, serum levels of PGII increased with
age, and were significantly higher in subjects ≥
65-years-old compared to the 35-44-years-old group (P
= 0.024, P = 0.004). The ratio of PGⅠ/PGⅡ decreased
with age and was significantly lower in subjects ≥
75-years-old compared to those in the 35-44-years-old
group (P = 0.035) (Table 1 and Figure 1).

Comparison of serum gastric biomarker levels by
H. pylori infection status

Compared to non-infected subjects, serum levels of
PGⅠ, PGⅡ and G-17 were significantly higher (P <
0.001, P < 0.001, P = 0.025), while the ratio of PGⅠ
/PGⅡ was significantly lower (P < 0.001), in the H.
pylori-infected subjects (Figure 2).

Comparison of serum biochemical tests between
H. pylori infection statuses by sex

Serological assays

There was no significant difference in serum levels
of biochemical tests between H. pylori-infected and
non-infected female subjects. In males, levels of lowdensity lipoprotein cholesterol (LDL-C) were higher (P

Serum PGI and PGII, G-17 and H. pylori antibody levels
were measured with enzyme-linked immunosorbent
[18]
assay (ELISA)
(Biohit Oyj, Laippatie 1, FIN-00880
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Table 1 Comparison of serum gastric biomarker levels in various age groups

PGⅠ, μg/L
PGⅡ, μg/L
PGⅠ/PGⅡ
G-17, pmol/L

35-44 yr, n = 58

45-54 yr, n = 84

55-64 yr, n = 117

65-74 yr, n = 76

≥ 75 yr, n = 60

F

P value

92.98 ± 5.16
9.65 ± 0.73
10.94 ± 0.44
2.93 ± 0.55

98.47 ± 4.15
12.26 ± 0.91
9.89 ± 0.40
5.10 ± 1.29

98.65 ± 3.66
12.43 ± 0.76
9.67 ± 0.36
5.75 ± 1.49

108.56 ± 8.01
14.23 ± 1.171a
9.29 ± 0.61
9.93 ± 3.00

117.04 ± 8.30
15.33 ± 1.251b
8.71 ± 0.521a
10.03 ± 3.18

2.326
3.915
2.407
1.950

0.056
0.004
0.049
0.101

Data are presented as mean ± SD. 1Comparison with the 35-44-years-old group, aP < 0.05, bP < 0.01. G-17: Gastrin-17; PGⅠ: Pepsinogen Ⅰ; PGⅡ: Pepsinogen
Ⅱ.
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3.0
b

a b ba

ab

2.5

a
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Figure 2 Comparison of serum gastric biomarker levels by Helicobacter
pylori infection status. Compared to non-infected subjects, serum levels of
PGⅠ, PGⅡ and G-17 were significantly higher, while the ratio of PGⅠ/PGⅡ
was significantly lower in Helicobacter pylori-infected subjects. aP < 0.05, bP <
0.01. G-17: Gastrin-17; PGⅠ: Pepsinogen Ⅰ; PGⅡ: Pepsinogen Ⅱ.

35-44

45-54

55-64
Age/yr

65-74

≥ 75

Figure 3 Comparison of serum cholesterol levels in various age groups
by Helicobacter pylori infection status. In H. pylori-infected subjects, serum
levels of TC and LDL were significantly higher in subjects between 55- and
74-years-old compared to those in the 35-44-years-old age group. In noninfected subjects, serum levels of TC and LDL were significantly higher in
subjects between 45- and 64-years-old compared to those in the 35-44-yearsold age group. The “a” denotes comparison with the 35-44-years-old age group
and the “b” denotes comparison with the 45-54-years-old age group, aP <
0.05, bP < 0.01. H. pylori: Helicobacter pylori; LDL-C: Low-density lipoprotein
cholesterol; TC: Total cholesterol.

= 0.009) in H. pylori-infected subjects compared to
non-infected subjects (Table 2).

Comparison of serum gastric biomarker levels and
biochemical tests in various age groups by H. pylori
infection status

There was no significant difference in serum levels
of gastric biomarkers between each age group with
increasing age in H. pylori-infected subjects. In noninfected subjects, levels of serum PGⅡ increased
with age and were significantly higher in subjects ≥
75-years-old compared to subjects between 35- and
54-years-old (P = 0.007, P = 0.004).
In H. pylori-infected subjects, serum levels of total
cholesterol (P = 0.002, P = 0.001) and LDL-C (P =
0.016, P = 0.002) were significantly higher in subjects
between 55- and 74-years-old compared to those in the
35-44-years-old age group. In non-infected subjects,
serum levels of total cholesterol (P = 0.023, P = 0.035)
and LDL-C (P = 0.015, P = 0.006) were significantly
higher in subjects between 45- and 64-years-old
compared to those in the 35-44-years-old group (Table
3 and Figure 3).

/PGⅡ (P = 0.002). Levels of serum Hp-IgG positively
correlated with serum levels of PGⅠ, PGⅡ and G-17
(P < 0.001, P < 0.001, P = 0.038) and negatively
correlated with ratio of PGⅠ/PGⅡ (P < 0.001).
Levels of serum PGⅠ positively correlated with
serum levels of uric acid, creatinine and cystatin-C (P
< 0.001, P < 0.001, P < 0.001). Levels of serum PG
Ⅱ positively correlated with serum levels of creatinine
and cystatin-C (P < 0.001, P < 0.001). Levels of
serum G-17 positively correlated with serum levels of
FBG, creatinine and cystatin-C (P = 0.018, P = 0.011,
P = 0.037).
Levels of serum Hp-IgG were strongly associated
with serum levels of PGⅡ and PGⅠ/PGⅡ (r = 0.592, P
< 0.001; r = -0.587, P < 0.001), and levels of serum
PGⅡ were strongly associated with serum levels of PGI
and PGⅠ/PGⅡ (r = 0.682, P < 0.001; r = -0.588, P <
0.001)(Table 4).

Correlation analysis among serum gastric biomarker
levels, age and biochemical tests

Analysis of factors associated with serum levels of
gastric biomarkers

With serum PGI as a dependent variable, serum levels
of creatinine, Hp-IgG and FBG positively correlated
with levels of serum PGⅠ (P < 0.001, P < 0.001,

Age positively correlated with serum levels of Hp-IgG,
PGⅠ, PGⅡ and G-17 (P = 0.038, P = 0.001, P < 0.001,
P = 0.005) and negatively correlated with ratio of PGⅠ
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Table 2 Comparison of serum biochemical tests between Helicobacter pylori infection statuses by sex
Male
TG, mmol/L
TC, mmol/L
HDL-C, mmol/L
LDL-C, mmol/L
FBG, mmol/L
Cr, μmol/L
Cys-C, mg/L
UA, μmol/L

Female

Hp-IgG (+), n = 81

Hp -IgG (-), n = 87

P value

Hp-IgG (+), n = 104

Hp-IgG (-), n = 123

P value

1.33 ± 0.11
5.07 ± 0.11
1.31 ± 0.04
3.30 ± 0.10
5.45 ± 0.09
72.58 ± 1.76
0.93 ± 0.02
339.05 ± 8.19

1.30 ± 0.17
4.80 ± 0.09
1.35 ± 0.03
2.99 ± 0.07
5.26 ± 0.06
73.26 ± 1.40
0.91 ± 0.02
337.48 ± 9.04

0.875
0.052
0.381
0.009
0.073
0.760
0.520
0.898

1.24 ± 0.06
5.16 ± 0.09
1.52 ± 0.03
3.26 ± 0.09
5.29 ± 0.06
60.66 ± 2.59
0.88 ± 0.03
265.13 ± 6.19

1.26 ± 0.06
5.42 ± 0.09
1.54 ± 0.03
3.48 ± 0.08
5.27 ± 0.09
55.34 ± 0.89
0.81 ± 0.02
273.22 ± 5.30

0.767
0.050
0.575
0.071
0.857
0.054
0.059
0.319

Data are presented as mean ± SD. H. pylori-IgG (+) is defined as H. pylori-IgG ≥ 35 EIU. Cr: Creatinine; Cys-C: Cystatin-C; FBG: Fasting blood glucose;
HDL-C: High-density lipoprotein cholesterol; Hp-IgG: Helicobacter pylori-immunoglobulin G; LDL-C: Low-density lipoprotein cholesterol; TC: Total
cholesterol; TG: Triglycerides; UA: Uric acid; H. pylori: Helicobacter pylori.

Table 3 Comparison of serum gastric biomarker levels and biochemical tests in various age groups by Helicobacter pylori infection
status

PGI, μg/L
Hp-IgG (+)
Hp-IgG (-)
PGII, μg/L
Hp-IgG (+)
Hp-IgG (-)
PGI/PGII
Hp-IgG (+)
Hp-IgG (-)
G-17, pmol/L
Hp-IgG (+)
Hp-IgG (-)
TC, mmol/L
Hp-IgG (+)
Hp-IgG (-)
LDL-C, mmol/L
Hp-IgG (+)
Hp-IgG (-)
FBG, mmol/L
Hp-IgG (+)
Hp-IgG (-)
Cr, μmol/L
Hp-IgG (+)
Hp-IgG (-)
Cys-C, mg/dL
Hp-IgG (+)
Hp-IgG (-)

F

P value

0.824
1.730

0.920
0.143

19.51 ± 1.91
10.23 ± 0.761b2b

1.393
1.115

0.260
0.011

6.65 ± 0.58
11.68 ± 0.89

6.97 ± 0.52
10.85 ± 0.80

0.662
1.163

0.616
0.353

7.16 ± 0.95
12.43 ± 5.65

13.7 ± 4.79
5.54 ± 3.90

1.258
2.254

0.285
0.066

5.51 ± 0.191b
5.18 ± 0.16

5.00 ± 0.15
4.98 ± 0.14

6.604
2.709

< 0.001
0.031

3.40 ± 0.111a
3.48 ± 0.111b

3.60 ± 0.171b2a
3.33 ± 0.13

3.17 ± 0.14
3.08 ± 0.13

7.291
3.544

< 0.001
0.008

5.22 ± 0.13
5.21 ± 0.08

5.38 ± 0.12
5.29 ± 0.08

5.46 ± 0.12
5.34 ± 0.08

5.44 ± 0.08
5.39 ± 0.34

0.791
1.186

0.532
0.318

60.38 ± 2.35
62.78 ± 1.95

63.79 ± 1.71
61.20 ± 1.67

63.61 ± 3.04
63.53 ± 2.29

4.974
4.174

0.001
0.003

19.952
28.435

< 0.001
< 0.001

35-44 yr

45-54 yr

55-64 yr

65-74 yr

≥ 75 yr

n 1 = 21
n 2 = 37

n 1 = 39
n 2 = 45

n 1 = 57
n 2 = 60

n 1 = 36
n 2 = 40

n 1 = 33
n 2 = 27

89.43 ± 7.46
83.6 ± 6.47

100.03 ± 6.45
81.28 ± 3.89

90.25 ± 5.10
83.96 ± 5.04

92.61 ± 12.23
96.67 ± 10.31

14.68 ± 1.08
6.80 ± 0.58

18.45 ± 1.34
6.89 ± 0.41

17.47 ± 1.16
7.64 ± 0.46

19.52 ± 1.46
9.46 ± 1.42

7.92 ± 0.53
12.66 ± 0.41

7.17 ± 0.39
12.25 ± 0.42

7.03 ± 0.38
12.18 ± 0.39

4.11 ± 0.74
2.26 ± 0.73

9.81 ± 2.58
1.02 ± 0.26

8.18 ± 2.17
3.44 ± 2.03

4.42 ± 0.14
4.77 ± 0.10

4.96 ± 0.14
5.41 ± 0.171a

5.30 ± 0.111b
5.35 ± 0.131a

2.71 ± 0.14
2.89 ± 0.09

3.10 ± 0.12
3.47 ± 0.151a

5.25 ± 0.08
5.01 ± 0.06
56.95 ± 2.57
59.19 ± 2.05
0.69 ± 0.02
0.71 ± 0.02

0.78 ± 0.021a
0.78 ± 0.02

0.84 ± 0.021b
0.83 ± 0.021b

0.97 ± 0.031b2b3a
0.93 ± 0.031b2b

94.95 ± 13.47
105.49 ± 8.08

81.4 ± 7.241a
73.19 ± 3.401b2a3b
1.19 ± 0.071b2b3b
1.14 ± 0.041b2b3b4b

Data are presented as mean ± SD. Hp-IgG (+) is defined as Hp-IgG ≥ 35 EIU. n1: number in the Hp-IgG (+) group; n2: number in the Hp-IgG(-) group.
1
35-44-years-old group, 245-54-years-old group, 355-64-years-old group, 465-74-years-old group, aP < 0.05, bP < 0.01. Cr: Creatinine; Cys-C: Cystatin-C; FBG:
Fasting blood glucose; G-17: Gastrin-17; Hp-IgG: Helicobacter pylori-immunoglobulin G; LDL-C: Low-density lipoprotein cholesterol; PGⅠ: Pepsinogen Ⅰ;
PGⅡ: Pepsinogen Ⅱ; TC: Total cholesterol.

P = 0.037), while serum levels of G-17 negatively
correlated with levels of serum PGⅠ (P < 0.001). With
serum PGII as a dependent variable, serum levels of
creatinine, Hp-IgG and age positively correlated with
levels of serum PGⅡ (P = 0.006, P < 0.001, P = 0.007).
With PGⅠ/PGⅡ as a dependent variable, serum levels
of FBG positively correlated with PGI/PGII (P < 0.001),
while serum levels of Hp-IgG, G-17 and age negatively
correlated with PGⅠ/PGⅡ (P < 0.001, P < 0.001, P
= 0.024). With serum G-17 as a dependent variable,

WJG|www.wjgnet.com

age and serum levels of creatinine, Hp-IgG and FBG
positively correlated with levels of serum G-17 (P =
0.032, P < 0.001, P = 0.037, P = 0.045), while serum
levels of PGI and uric acid negatively correlated with
levels of serum G-17 (P < 0.001, P = 0.009)(Table 5).

DISCUSSION
[17]

A European gastric biomarkers test
has been
developed to measure serum PG and G-17 levels, and
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1

Age

PGⅡ

0.215b
0.000
0.682b
0.000
1.000

PGⅠ

0.161b
0.001
1.000

-0.155b
0.002
0.047
0.357
-0.588b
0.000
1.000

PGⅠ/Ⅱ

0.140b
0.005
-0.140b
0.005
0.149b
0.003
-0.384b
0.000
1.000

G-17
0.104a
0.038
0.260b
0.000
0.592b
0.000
-0.587b
0.000
0.105a
0.038
1.000

Hp-IgG

TG
-0.009
0.854
-0.014
0.788
-0.029
0.571
0.035
0.488
0.055
0.279
0.000
0.985
1.000

TC
0.108a
0.033
-0.066
0.188
-0.062
0.216
0.032
0.532
-0.020
0.695
-0.025
0.618
0.278b
0.000
1.000
0.010
0.844
-0.051
0.308
-0.075
0.135
0.040
0.427
-0.068
0.177
-0.062
0.220
-0.327b
0.000
0.295b
0.000
1.000

HDL-C
0.136b
0.007
-0.023
0.654
-0.019
0.705
0.027
0.590
-0.016
0.749
-0.004
0.938
0.145b
0.004
0.896b
0.000
0.032
0.528
1.000

LDL-C

FBG
0.145b
0.004
0.056
0.266
-0.005
0.915
0.074
0.140
0.119a
0.018
0.057
0.257
0.166b
0.001
0.123a
0.015
-0.093
0.064
0.149b
0.003
1.000

UA
0.148b
0.003
0.188b
0.000
0.077
0.124
0.080
0.112
-0.062
0.219
0.009
0.865
0.156b
0.002
0.023
0.647
-0.282b
0.000
0.074
0.142
0.119a
0.018
1.000

Cr
0.265b
0.000
0.301b
0.000
0.209b
0.000
-0.019
0.712
0.129a
0.011
0.058
0.250
0.059
0.243
-0.032
0.530
-0.176b
0.000
0.000
10.000
0.111a
0.027
0.465b
0.000
1.000

0.548b
0.000
0.355b
0.000
0.278b
0.000
-0.060
0.234
0.105a
0.037
0.095
0.059
0.068
0.176
-0.039
0.442
-0.164b
0.001
0.022
0.664
0.086
0.086
0.403b
0.000
0.706b
0.000
1.000

Cys-C

BMI
-0.016
0.781
0.011
0.843
0.006
0.913
0.003
0.961
-0.023
0.690
0.006
0.919
0.048
0.402
0.111
0.053
0.017
0.762
0.085
0.138
0.034
0.558
-0.003
0.961
-0.010
0.858
-0.026
0.648
1.000

Hp-IgG antibodies by ELISA technique. Compared to endoscopic biopsy findings, the test classified the subjects into groups with “healthy” or “diseased” gastric mucosa
with 94% accuracy, 95% sensitivity and 93% specificity. Compared to endoscopic histological findings, the accuracy of the biomarkers test in diagnosing atrophic gastritis
was 87%, with a sensitivity of 40% and a specificity of 94%. Combined testing of Hp-IgG, PG and G-17 levels is of great clinical significance for general assessment of
gastric mucosa secretion.
It has been previously shown that levels of serum PGⅠ decreased with age. Levels of serum PGII increased with age, but declined in participants aged over 60. Ratio
[20]
of PGⅠ/PGⅡ decreased with age, but it increased after age 60 . It has also been observed that levels of PGI and PGⅡ increased with age. In a healthy population,
[21]
levels of PGⅠ and PGⅡ varied amongst age groups, and the average PG level was highest in the senile group .
Our study showed that in the entire healthy study population, levels of serum PGⅡ increased with age, while the ratio of PGⅠ/PGⅡ decreased with age. The
correlation between age and PGⅡ is stronger and more significant than that of PGⅠ; possibly, the distribution of PGⅡ-secreting cells is more extensive, and this could

P < 0.05, bP < 0.01. BMI: Body mass index; Cr: Creatinine; Cys-C: Cystatin-C; FBG: Fasting blood glucose; G-17: Gastrin-17; Hp-IgG: Helicobacter pylori-immunoglobulin G; LDL-C: Low-density lipoprotein cholesterol; PGⅠ:
Pepsinogen Ⅰ; PGⅡ: Pepsinogen Ⅱ; TC: Total cholesterol; HDL-C: High-density lipoprotein cholesterol; TG: Triglyceride; UA: Uric acid.

a

BMI

Cys-C

Cr

UA

FBG

LDL-C

HDL-C

TC

TG

Hp- IgG

G-17

PGⅠ/Ⅱ

PGⅡ

PGⅠ

Age

Table 4 Correlation matrix among serum gastric biomarker levels, age and biochemical tests
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Table 5 Factors associated with serum levels of gastric biomarkers
Dependent variable
PGI

PGII

PGI /PGII

G-17

Associated factors
Constant
Cr
Hp-IgG
G-17
FBG
Constant
Hp-IgG
Cr
Age
Constant
Hp-IgG
G-17
FBG
Age
Constant
Age
PGI
Cr
Hp-IgG
UA
FBG

Non-standard coefficient
B

SE

50.347
0.712
0.334
-0.647
70.859
-10.657
0.120
0.058
0.089
90.251
-0.054
-0.075
10.037
-0.033
-140.817
0.192
-0.103
0.228
0.058
-0.042
30.054

200.845
0.138
0.066
0.138
30.744
20.078
0.010
0.021
0.033
10.461
0.004
0.009
0.255
0.015
80.992
0.089
0.022
0.063
0.027
0.016
10.520

Standard coefficient

P value

β
0.273
0.263
-0.247
0.110
0.556
0.131
0.129
-0.520
-0.349
0.177
-0.101
0.1240
-0.269
0.228
0.119
-0.160
0.112

0.798
0.000
0.000
0.000
0.037
0.426
0.000
0.006
0.007
0.000
0.000
0.000
0.000
0.024
0.100
0.032
0.000
0.000
0.037
0.009
0.045

Cr: Creatinine; FBG: Fasting blood glucose; G-17: Gastrin-17; Hp-IgG: Helicobacter pylori-immunoglobulin G; PGⅠ: Pepsinogen Ⅰ; PGⅡ: Pepsinogen Ⅱ; UA:
Uric acid.

be one of the reasons to explain this finding. Since
the ratio of PGⅠ/PGⅡ reflects the degree of atrophy
in gastric mucosa, the current study indicated that
atrophy of gastric mucosa occurred and developed
with increasing age in a non-invasive serological
method.
It has been suggested that serum levels of PGI
and PGII significantly correlated with age in H. pyloripositive subjects. Increased PGⅠ and PGⅡ levels
associated with age in a healthy population were
caused by increased rates of H. pylori infection. Levels
of PGⅠ and PGⅡ were dependent on the presence of H.
[22]
pylori infection . It was suggested that serum levels
of G-17, PGI and PGⅡ increased in subjects with H.
pylori infection, especially PGⅡ, while the ratio of PGⅠ
/PGⅡ decreased.
Hypergastrinemia and hyperpepsinogenemia may
[23,24]
be secondary to H. pylori infection
. The results of
the current study on the effects of H. pylori infection
on serum gastric biomarker levels were consistent with
those of previous studies, and it was suggested that H.
pylori infection had a closer correlation with PGⅡ than
with PGⅠ and may influence the levels of PGⅡ more.
It has been shown that H. pylori infection was
independently associated with elevated LDL-C levels
[25]
and contributed to the atherosclerotic process .
The current study showed the difference on levels
of serum LDL-C between H. pylori-infected and noninfected male subjects, which suggested an effect of
H. pylori infection on raising levels of LDL-C in males.
Meanwhile, the highest level of LDL-C was found in
the middle-aged group (45-64 years) in non-infected
subjects, while in H. pylori-infected subjects it was
found in the elderly group (55-74 years). Increased

WJG|www.wjgnet.com

LDL-C level is a risk factor for the development of
atherosclerosis, and the current study indicated that
Hp infection may increase the risks of atherosclerosis
in males, especially those of elderly age.
It has been reported that renal function status
may influence levels of serum PG and gastrin. Levels
of serum PG and gastrin were found to be increased
in patients with renal function insufficiency. This may
have been due to reduced renal clearance of PG and
[26,27]
gastrin
. There have been few studies investigating
the relationship between renal function and serum
PG and gastrin in a healthy population. The current
study showed that age and serum levels of Hp-IgG,
creatinine and FBG were the main factors associated
with levels of serum PG and G-17. Since different levels
of PG and G-17 represent different pathophysiological
status of gastric mucosa, it was assumed that age, H.
pylori infection, and serum levels of FBG and markers
of renal function may influence the secretory function
of gastric mucosa, and that abnormal serum levels
of FBG and renal function might participate in the
occurrence and development of gastric diseases.
In summary, the current study observed changes
in gastric biomarker levels with age and effects of H.
pylori infection in a healthy Chinese population, and
explored factors associated with gastric biomarkers.
Our data provide a theoretical basis for the recognition
of gastric aging and its related diseases, which is of
important clinical significance. However, there are
some limitations in the study. Firstly, the sample size
was relatively small and may, therefore, not represent
the whole healthy population. Secondly, we found the
effects of H. pylori infection and the correlation between
gastric biomarkers and other associated factors, but the
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mechanisms are not clear. More studies are needed to
illustrate the mechanisms in the future.
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Abstract
AIM
to determine the sensitivity and specificity of the
13
C-urea breath test (UBT) in patients taking proton
pump inhibitors (PPIs), using a new test meal Refex.

Clinical trial registration statement: The study was registered
under EudraCT Number: 2008-008010-39.
Informed consent statement: All study participants, or
their legal guardian, provided written consent prior to study
enrollment.

METHODS
one hundred and fourteen consecutive patients with
dyspepsia, 53 helicobacter pylori (H. pylori ) positive,
49 H. pylori negative, were included in the study. The
patients were then given esomeprazole 40 mg for 29
13
consecutive days, and the C-UBT with the new test
meal was performed the next morning.

Conflict-of-interest statement: The authors of this manuscript
having no conflicts of interest to disclose.
Data sharing statement: There is no additional data available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
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RESULTS
13
The sensitivity of the C-UBT with a cut off 2.5‰ was
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be taking a PPI. Patients who self-administer certain
medications that can cause dyspepsia (e.g., low
dose aspirin to prevent myocardial infarction or
nonsteroidal anti-inflammatory drugs) often take PPIs
to treat dyspepsia symptoms, and the majority of
these patients cannot stop PPI therapy for two weeks
without suffering dyspeptic symptoms. Therefore, the
UBT might not be properly performed in a substantial
number of these patients. If H. pylori is diagnosed late
or remains undiagnosed, the risk of stomach cancer is
[9,10]
increased
.
The breath tests that are currently available are
[4,11]
reliable 12-14 d after discontinuing PPI therapy
.
Acid inhibition with PPIs can reduce the number of H.
pylori colonies, especially in the antrum, which may be
[12]
one possible explanation for a false negative UBT .
Some studies have suggested that acidification of
the stomach may partially reverse a false negative
[11,13]
UBT
. However, the results have been inconsistent,
and the correct procedure for acidifying the stomach
has not been established.
13
Refex is a new acidified test meal for the C-UBT
that contains a mixture of three organic acids - citric
acid, malic acid and tartaric acid - and has been
developed to increase the sensitivity of the test in
patients taking PPIs.
The aim of this study was to determine the sensi
tivity, specificity and accuracy of a specially formulated
UBT test meal, Refex, in patients taking proton pump
inhibitors.

92.45% (95%CI: 81.79%-97.91%) by per-protocol (PP)
analysis and 78.13% (95%CI: 66.03%-87.49%) by
intention-to-treat (ITT) analysis. The specificity of the
13
C-UBT test was 96.00% in the ITT population (95%CI:
86.29%-99.51%) and 97.96% in the PP population
(95%CI: 89.15%-99.95%).
CONCLUSION
13
The new test meal based C-UBT is highly accurate in
patients on PPIs and can be used in those unable to
stop their PPI treatment.
Key words: Urea breath test; new test meal; proton
pump inhibitors; prospective randomized clinical trial;

Helicobacter pylori

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: the urea breath test (UBT) with new test
meal Reflex (5.5 g powder mixture of citric, malic and
tartaric acid) was tested in one hundred and fourteen
consecutive patients with dyspepsia, 53 Helicobacter
pylori (H. pylori ) positive, 49 H. pylori negative. After
being on esomeprazole 40 mg for 29 consecutive days,
13
the C-UBT was performed the next morning. The
13
sensitivity of the C-UBT (cut off 2.5‰) was 92.45%
by per-protocol (PP) analysis and 78.13% by intention13
to-treat (ITT) analysis. The specificity of the C-UBT
test was 96.00% in the ITT population and 97.96% in
the PP population.
Tepeš B, Malfertheiner P, Labenz J, Aygen S. Modified
helicobacter test using a new test meal and a 13c-urea breath
test in helicobacter pylori positive and negative dyspepsia
patients on proton pump inhibitors. World J Gastroenterol 2017;
23(32): 5954-5961 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i32/5954.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i32.5954

MATERIALS AND METHODS
Study objectives

Primary objective: To determine the sensitivity of
13
the C-UBT test using the new test meal for H. pylori
in patients with dyspepsia taking PPIs with a one day
break in medication.
Secondary objectives: To determine the specificity
13
of the C-UBT using the new test meal for H. pylori
in patients with dyspepsia taking PPIs with a one day
break in medication and to determine the safety and
tolerance of the new test meal.

INTRODUCTION
The urea breath test (UBT) is recommended as the test
of choice for determining the success of eradication
[1]
treatment . In the management of dyspeptic patients
in primary care settings, non-invasive helicobacter
pylori (H. pylori) testing is the initial step in the
management of dyspeptic patients (i.e., test and treat
[2,3]
strategy) . The UBT is highly sensitive and specific,
except in patients taking proton pump inhibitors
[4]
(PPIs) . In studies with patients on PPI therapy, the
[5-7]
UBT resulted in 10%-40% false negatives . Current
guidelines recommend stopping these medications for
[2]
14 d before the UBT or stool test .
PPIs are widely available and are over-the-counter
[8]
agents in some countries . Clinicians are frequently
confronted with making a diagnosis of H. pylori in
fection in patients who may knowingly or unknowingly
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Inclusion criteria and study protocol

This was an observer-blind, multicentre study (one in
Slovenia and two in Germany) in which consecutive
dyspeptic H. pylori positive or negative patients
were included. The inclusion criteria were as follows:
male and female patients of at least 18 year of age;
all acid-related disorders requiring long-term PPI
treatment, including functional dyspepsia, according
to the Rome Ⅱ classification; and positive or negative
13
standard C-UBT at screening. Diagnosis of H. pylori
infection was confirmed or excluded by a combination
of culture, histology and the rapid urease test (RUT;
®
PyloriTek , Serim Research Corp., Elkhart, United
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States) on samples obtained by endoscopy. “True
positive patients” were patients with a positive culture
or when at least two of the following tests were
positive: UBT, histology, or rapid urease test (RUT).
“True negative patients” were patients with at least two
negative tests and a negative culture. True negative
patients were also those with non-evaluable cultures
and negative histology and urease test. Patients with
negative UBT underwent upper endoscopy only if this
was deemed necessary by the investigator for medical
reasons. This study was conducted in outpatients.
Two biopsy samples were obtained from the
antrum and corpus for histology. One biopsy sample
for RUT was taken from the angular fold, and two
samples from the antrum were taken for culture.
The biopsies for histology were stained with
haematoxylin and eosin and Giemsa stains, and
gastritis was scored using the Updated Sydney System.
All biopsy samples were analysed at each respective
medical centre.
Gastric biopsies for culture were collected and
transported in Portagerm pylori (bioMerieiux, France)
transport medium. After homogenization in 1 mL
PBS, 0.1 mL aliquots were inoculated for gram stain
and culture. Two selective and one non-selective
media were used. Plates were incubated at 37 ℃ in
a microaerophilic atmosphere for 9 d and inspected
for growth every 72 h. An enriched atmosphere was
created using Anoxomat (Mart Microbiology). Typical
colonies were identified with a typical gram stain and
positive urease, catalase and oxidase reactions.
Starting on Day 1, H. pylori positive and negative
patients in both study arms took Nexium capsules
(40 mg) orally once daily 30 min before breakfast.
They were instructed not to take antibiotics, bismuth
compounds, H2 receptor antagonists or other acidsuppressive agents during the treatment period.
All other concomitant medications were recorded
in the case report form with the name of the drug,
active ingredient(s), strength of active ingredient(s),
indication, single dose, daily dose, dosage interval,
route of administration, and the times of initiation and
discontinuation.
Patients returned to the hospital/medical practice
for breath tests on day 30. Nexium capsules were
discontinued after day 29. The patients were requested
to return unused PPI medication on day 30. Treatment
compliance was assessed by calculating the difference
in the number of tablets issued and returned.
13
The C-UBT was performed in H. pylori positive
and negative patients using the new test meal Refex
on day 30. A delta value ≥ 2.5‰ was set as a positive
result. The test started with a breath sample taken at
baseline. Thereafter, the patient had to ingest the new
test meal Refex dissolved in 200 mL tap water and 75
13
mg C-urea dissolved in 30 mL tap water. The new
test meal had to be ingested and was followed by the
13
C-urea solution. A second breath sample was taken
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30 min after ingestion of the test meal. Breath samples
were collected in pre-labelled test-tubes. The breath
samples were sent in the original outer packaging to
the laboratory in Germany.
We could not compare the new test meal Reflex
with the classic meal with 2.0 g of citric acid, because
according the UBT protocol the second test should
be performed earliest one day later in order to avoid
a false positive result. This means second UBT meal
can be performed earliest after two days break of PPI
treatment instead one day what will implement great
bias in the study.
Patients were followed-up for 14 d after dis
continuation of PPI treatment. At the end of the study,
positive patients were offered eradication therapy
according to the current European guidelines. H. pylori
negative patients were treated according to national
dyspepsia guidelines.

Exclusion criteria

Patients were not included in the study if they have
previously been treated for their H pylori infection, it
they have used PPI, H2 receptor antagonists, NSAIDs,
antibiotics, antisecretory drugs, bismuth compounds,
or sucralfate in the 4 wk prior to enrolment, if they
had manifest coagulopathy or any other disorder
according to which endoscopy and/or biopsies are
contraindicated, if they have participated in a clinical
trial with another not approved drug within 30 d before
entering the study and in case of pregnancy

Sample size calculations

A total of 114 patients were screened in 3 active study
centres. Analyses of the sensitivity and specificity of
the modified UBT for H. pylori infection with new test
meal were performed for exploratory purposes. Sample
size calculations were based on previous experience
[14]
with the modified UBT for H. pylori infection . This
experience showed a sensitivity of at least 90% after
29 d of PPI medication. Although rare cases of false
positive breath tests may occur in H. pylori negative
patients, if other urea active bacteria than H. pylori
such as Proteus mirabilis or Staphylococcus aureus
colonize gastric lumen in patients with extensive
[15]
atrophy or intestinal metaplasia . However, specificity
of 90% was still assumed. With a sample size of 43,
a two-sided 95%CI for a single proportion using the
large sample normal approximation would extend 9
percentage-points from the observed proportion for
an expected proportion of 90% (width of the 95%CI
of 18%). With a sample size of n = 43 H. pylori
positive patients and n = 43 actual H. pylori negative
patients, sufficient precision for assessing sensitivity
and specificity was expected. The actual sample sizes
chosen to be used in the study were slightly larger
[H. pylori positive: 63 in intention-to-treat (ITT)
population, 53 in the PP population; H. pylori negative:
51 in ITT population, 49 in PP population]. Concerning
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114 patients initially
included

Table 1 Demographic data n (%)
Demographic variable
Age (yr), mean ± SD
Height (cm), mean ± SD
Weight (kg), mean ± SD
BMI (kg/m²), mean ± SD
Ethnic group
Caucasian
Other
Gender
Female
Male

n = 114
51.07 ± 14.4
168.90 ± 9.3
73.43 ± 14.9
25.66 ± 4.3

ITT

2 patients excluded
(protocol violation)

114 (100.0)
0 (0.0)
76 (66.7)
38 (33.3)

PP

Table 2 Diagnostic investigation for Helicobacter pylori (n =
114)
Hp diagnostic test
UBT with standard test meal
Positive
Negative
Upper endoscopy
Yes
No
Culture
Positive
Negative
Not evaluated
Histology
Positive
Negative
Not evaluated
Rapid urease test
Positive
Negative

63 Hp positive patients
acc. to standard test meal

After 29 d of PPI treatment,
UBT (new test meal)

49 Hp negative patients
(48 true-negative and 1
false-positive based on
a new test meal)

10 patients excluded
(protocol violation)

53 Hp positive patients
(49 true-positive and 4
false-negative based on
a new test meal)

Figure 1 Flow diagram. The patient population and results of Helicobacter
pylori diagnosis (based on study criteria and UBT with standard test meal and
new test meal after 29 d of PPI treatment). UBT: Urea breath test; ITT: Intentionto-treat; PPI: Proton pump inhibitors; Hp: Helicobacter pylori.

n (%)
63 (55.3)
51 (44.7)

discomforts and risks involved prior to inclusion in the
study.

110 (96.5)
4 (3.5)

statistical analysis

60 (54.5)
36 (32.7)
14 (12.7)

The sensitivity and specificity of the UBT with the
new test meal on day 30 was assessed using relative
frequencies and 95%CIs (two-sided). Descriptive
statistical methods were applied.

53 (48.2)
47 (42.7)
10 (9.1)

RESULTS

63 (57.3)
47 (42.7)

one hundred and fourteen patients were initially
included in three centres. Twelve patients were excluded
for not fulfilling the inclusion criteria (7 took Nexium 40
mg on day 30, three patients took antibiotics during
the study period and two patients did not return on
day 30). Altogether, 102 patients were eligible for PP
analysis (Figure 1). Demographic data are presented
in Table 1. The results of the diagnostic tests are
presented in Table 2.
The primary variable in this study was the sensitivity
13
of the C-UBT test using the new test meal for H. pylori
in patients with dyspepsia taking PPI with a one day
13
break in medication. The sensitivity of the C-UBT
test was assessed using relative frequency and 95%CI
(two-sided).
In our study, the cut-offs were set at 3.0‰, 2.5‰
and 2.0‰. The best sensitivity and specificity were
achieved by using cut-off points of 2.5‰ and 2.0‰
combined with a break in PPI intake of one day before
performing the UBT (Table 3).
13
The sensitivity of the C-UBT test was assessed
using relative frequency and 95%CIs (two-sided). The
13
sensitivity of the C-UBT was found to be 92.45%
(95%CI: 81.79%-97.91%) for the PP population (Table
4).
In the PP population, in patients with a positive
13
H. pylori infection, 92.5% also had positive C-UBT
results, and 7.5% showed (false) negative results.

Hp: Helicobacter pylori.

the primary variable of sensitivity, the asymptotic
confidence intervals were quite close to the exact
Clopper-Pearson intervals (ITT: asymptotic 95%CI:
64.39%-85.61%, exact 95%CI: 62.60%-84.98%; PP:
asymptotic 95%CI: 85.38%-99.56%, exact 95%CI:
81.79%-97.91%). Concerning the secondary variable
of specificity, the asymptotic confidence intervals
deviate a bit more from the exact Clopper-Pearson
intervals (ITT: asymptotic 95%CI: 94.12%-100%, exact
95%CI: 89.35%-99.95%; PP: asymptotic 95%CI:
94.00%-100%, exact 95%CI: 89.15%-99.95%) due to
the proximity to 100% of the estimated specificity.

Ethics

The study was carried out in accordance with national
laws and regulations, the ICH Guideline E6: Note for
Guidance on Good Clinical Practice (CPMP/ICH/135/95),
and with the Declaration of Helsinki, revised version,
th
48 WMA General Assembly, Somerset West, October
1996. Permission of the national regulatory authority
was a prerequisite for initiation of the study.
Each patient was supplied with full and adequate
verbal and written information on the objectives and
procedures of the study as well as potential benefits,
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51 Hp negative patients
acc. to standard test meal
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ROC curve for model

Table 3 Thirty days of proton pump inhibitors medication,
different cut-off points 2‰, 2.5‰, 3‰, sampling time 30 min

Area under the curve = 0.9663
1.00

2‰
2.5‰
3‰

Sensitivity

Specificity

PPV

NPV

Accuracy

92.45%
92.45%
86.79%

97.96%
97.96%
97.96%

98.00%
98.00%
97.87%

92.31%
92.31%
87.27%

95.10%
95.10%
92.16%

0.75
Sensitivity

Cut-off

In patients negative for H. pylori infection, 98.0% of
13
the patients had negative C-UBT results, and 2.0%
showed (false) positive results.
As a secondary variable, the specificity was
13
analysed for the C-UBT test using the new test meal
for H. pylori in patients with dyspepsia and taking PPI
with a one day break in medication. The specificity
was found to be 97.96% for the PP population (95%CI:
89.15%-99.95%)(Table 5).
The analysis of ROC curves considers in principle
all cut-offs in order to identify a value with high
efficiency. The chosen cut point of 2.5‰ based on the
data leads to an excellent sensitivity and specificity. A
well the excellent overall performance of the new UBT
is substantiated by the ROC curve with a maximum
Youden value of 0.90412, corresponding to a measured
∆δ-value of 2.588% (Figure 2).
However, a value that is based on only one study
with a limited possible number of cases may lead to
slightly higher sensitivity and specificity. Our simulation
study for different sample sizes and up to 1000 repeats
of the diagnostic test provided an expected average
sensitivity of 90%, which is only 2.5% lower than
the observed sensitivity of 92.5% in our study. The
expected average specificity is 99%, and therefore,
higher than the observed value (97.96%). In all
simulations, the study shows an expected maximum
bias potential of 2.5%.
The accuracy of the method can be derived from
95% confidence limits based on the simulation
study. These limits are defined by the 2.5% and
97.5% percentiles of the calculated distributions of
the sensitivity and specificity. When reviewing 1000
repeats and a simulated sample size of 400, the limits
were 86.8% to 92.5% (sensitivity) and 96.8% to
100% (specificity).
Following adverse events (AEs) are observed:
Overall 8 patients (7.0%) experienced AEs, and all
AEs were assessed and considered to be related to PPI
medication. No serious adverse events, AEs leading to
permanent discontinuation of the study medication, or
fatal AEs were documented during this study. Mild AEs
were reported for 3 patients (2.6%) and moderate AEs
for 5 patients (4.4%) related to PPI medication.

0.583 0.413

5.296

0.50

0.25

Points labeled by Delta

0.00
0.00

0.25

0.50

0.75

1.00

1 - specificity

Figure 2 Empirical receiver operating characteristic curve by using cutoff values of 2.0‰, 2.5‰ and 3.0‰ (Per-protocol population, n = 102).
[1]

of H. pylori eradication .
However, the sensitivity of the test decreases to
[1,2]
unacceptable levels if patients are on PPI treatment .
Currently available breath and stool tests are recom
mended to be performed 14 d after discontinuation of
[16]
the PPI . This delay results in additional costs and the
inconvenience of an additional visit. Dyspeptic symptoms
may occur in patients due to acid rebound after the
withdrawal of PPI therapy. In this study, we report on the
13
diagnostic performance of a novel C-UBT based on a
special mixture of acid components in a test meal.
PPIs have a direct antibacterial effect on H. pylori
and have been reported to inhibit H. pylori urease
[17-19]
activity
. False negative results, therefore, are a
limitation in the use of the standard UBT in patients on
PPIs. Up to 40% of individuals taking PPIs had a false
[5,6,19-22]
negative test result
. While 5 d on a PPI had no
significant effect on H. pylori and the UBT, one-third
of volunteers had a negative UBT after being on PPI
[12]
therapy for 7 d (omeprazole 20 mg ) . The UBT was
positive again in all but one patient 4 d after stopping
the PPI and in all patients 14 d after stopping the PPI.
In all these studies, 2 g of citric acid was used as the
13
test meal for UBT. Patients with a negative C-UBT
were also negative for H. pylori in antrum biopsies and
[23]
had reduced H. pylori scores in corpus biopsies .
The role of citric acid in the UBT test meal is to
acidify the gastric contents and retard gastric emp
[11,12,24-27]
tying
. The effect of citric acid on enhancing
intragastric urease activity is dose dependent for doses
[28]
between 1 and 4 g in 200 mL of water . Gastric pH,
therefore, plays a major role in H. pylori urease activity.
In a study measuring gastric juice pH in 109
patients on chronic PPI therapy, 74% of the patients
presented with gastric hypochlorhydria (pH > 4), and
[28]
26% of patients with presented with a pH ≤ 4 .
False-negative RUT results were prevalent in patients
with a pH > 4, whereas with a gastric pH of 2-4 (due

DISCUSSION
13

C-UBT is the non-invasive method of choice for
the detection of H. pylori infection in a test and treat
strategy as well as for the assessment of the success
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Table 4 Sensitivity of the
Population
ITT (n = 114)

PP (n = 102)

13

C-urea breath test using the new test meal for Helicobacter pylori n (%)

Result of UBT with new
test meal

Positive

Diagnosis of Hp infection
Negative

Positive
Negative
Not performed
Positive
Negative

50 (78.1)
13 (20.3)
1 (1.6)
49 (92.5)
4 (7.5)

1 (2.0)
48 (96.0)
1 (2.0)
1 (2.0)
48 (98.0)

Sensitivity

95%CI

78.13%

66.03%-87.49%

92.45%

81.79%-97.91%

UBT: Urea breath test; ITT: Intention-to-treat; PP: Per-protocol; Hp: Helicobacter pylori.

Table 5 Specificity of the
Population

C-urea breath test using the new test meal for Helicobacter pylori n (%)

Result of UBT with new test meal

ITT (n = 114)

PP (n = 102)

13

Positive
Negative
Not performed
Positive
Negative

Diagnosis of Hp infection
Positive

Negative

50 (78.1)
13 (20.3)
1 (1.6)
49 (92.5)
4 (7.5)

1 (2.0)
48 (96.0)
1 (2.0)
1 (2.0)
48 (98.0)

Specificity

95%CI

96.00%

86.29%-99.51%

97.96%

89.15%-99.95%

UBT: Urea breath test; ITT: Intention-to-treat; PP: Per-protocol; Hp: Helicobacter pylori.

[29]

to inadequate PPI effect), RUT results were positive .
The proton-gated inner membrane urea channel, H.
pylori Urel, is essential for the survival of the H. pylori
bacteria in the acidic environment of the stomach (pH
[30]
< 2) . This channel is closed at neutral pH and opens
at low pH, allowing urea access to urease. H. pylori
urease forms NH3 and CO2, which neutralize incoming
protons and thus buffer the periplasmatic space to
pH approximately 6, even in gastric juice at a pH <
[7,31-35]
2.0
.
To compensate for the unfavourable gastric pH
due to PPI therapy, the concentration of citric acid
for UBT has been raised maximally to 4.2 g in 200
[28]
mL water . This concentration of citric acid is
poorly tolerated and induces symptoms. To avoid
inconvenience for patients and to overcome the
negative impact of PPIs on H. pylori urease, we used a
highly concentrated mixture of organic acids (5.5 g in
200 mL water: tartaric acid, malic acid and citric acid)
[14]
[13]
to reduce patient complaints . Agha et al
showed
that an enhancement in urease activity can similarly
be obtained for citric and malic acid.
[36]
H. pylori urease is a nickel-containing enzyme ,
and preliminary data have suggested that changes
in intracellular H. pylori nickel levels may influence
[37]
urease activity . H. pylori urease and the membranebound hydrogenase enzyme are both H. pylori meta
lloenzymes, which are nickel-dependent. Moreover, the
nickel transporter NixA and accessory proteins such as
HypA and HypB serve to increase intracellular H. pylori
[37]
nickel levels and enhance urease activity .
Citric acid, tartaric acid and malic acid are organic
acids that bind many trace metals, including nickel,
and they can increase H. pylori urease activity both by
lowering pH as well as by providing nickel to H. pylori.

WJG|www.wjgnet.com

The new test meal, Refex, has a unique 5.5 g
powder mixture of three organic acids: citric, malic and
tartaric acid dissolved in 200 mL water (pH 1.8). This
highly concentrated organic acid mixture increases the
acidity of the stomach for a short period of time and
permits an increase in the bacterial urease activity to
the point that urease activity becomes detectable in
patients on PPIs.
We could not compare the new test meal Reflex
with the classic meal with 2.0 g of citric acid, because
according the UBT protocol the second test should
be performed earliest one day later in order to avoid
a false positive result. This means second UBT meal
can be performed earliest after two days break of PPI
treatment instead one day what will implement great
bias in the study.
For optimizing the sensitivity of the UBT on Refex,
we adjusted the cut-off point. We analysed the cutoff point of 4‰ for the standard test meal and for
the new test meal (Refex), but we also investigated
cut-off points of 3.0‰, 2.5‰ and 2.0‰. The best
sensitivity and specificity were achieved with cut-off
points at 2.5‰ and 2.0‰. With these modifications,
we were able to reach a sensitivity of 92.5% (95%CI:
81.79%-97.91%) and specificity of 97.96% (95%CI:
89.15%-99.95%) for the PP population.
The UBT test using the new test meal Refex was
well tolerated, with 7.2% of patients reporting dyspeptic
effects during test meal intake. No severe side effects
were noted.
With good patient compliance (PP population), we
were able to demonstrate that the new UBT Refex
can be reliable enough to be used in everyday clinical
practice in patients who cannot stop their PPI therapy
for more than one day.
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COMMENTS
Background

7

The urea breath test (UBT) is recommended as the test of choice for
determining the success of eradication treatment. The UBT is highly sensitive
and specific, except in patients taking proton pump inhibitors (PPIs) where e
UBT be false negatives in 10%-40% of patients. Current guidelines recommend
stopping these medications for 14 d before the UBT or stool test.

8

Research frontiers

9

PPIs have a direct antibacterial effect on helicobacter pylori (H. pylori) and can
inhibit H. pylori urease activity. The H. pylori colonisation of the stomach can
be also be reduced, especially in antrum. Citric acid test meal is used to acidify
the gastric contents and retard gastric emptying. The effect of citric acid on
enhancing intragastric urease activity is dose dependent for doses between 1
and 4 g in 200 mL of water. High concentration of citric acid is poorly tolerated
and induces symptoms.

10

11

Innovations and breakthroughs

A highly concentrated mixture of organic acids (5.5 g in 200 mL water: tartaric
acid, malic acid and citric acid; pH 1.8) was used to reduce patient complaints
and increase the accuracy of the UBT. This mixture can increase the H. pylori
urease activity by the influence of low pH on the Urel chanel, or by providing
additional nickel to H. pylori. With the adjustment of the cut-off point to 2.5‰
sensitivity of UBT wit new test meal can be improved.

12

Applications

13

The new UBT test meal can be used as the H. pylori diagnostic test in
patients on PPI who can not stop their PPI therapy for two weeks or more.
Recommendations for the use of UBT after antimicrobial therapy should not be
changed.
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Peer-review

This work is good and it will help us in further clinical work in the detection of H.
pylori positive and negative dyspepsia patients on proton pump inhibitors.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the institutional review boards of Zagazig
University, Egypt (ZU-IRB#2516).

AIM
To evaluate the accuracy of the elastography score
combined to the strain ratio in the diagnosis of solid
pancreatic lesions (SPL).

Informed consent statement: All study participants, or
their legal guardian, provided written consent prior to study
enrollment.

METHODS
A total of 172 patients with SPL identified by endoscopic
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ultrasound were enrolled in the study to evaluate
the efficacy of elastography and strain ratio in di
fferentiating malignant from benign lesions. The semi
quantitative score of elastography was represented by
the strain ratio method. Two areas were selected, area
(A) representing the region of interest and area (B)
representing the normal area. Area (B) was then divided
by area (A). Sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and
accuracy were calculated by comparing diagnoses made
by elastography, strain ratio and final diagnoses.

INTRODUCTION
Solid pancreatic lesions (SPL) are mostly malignant
[1]
with 5-year survival rates of less than 5% . Endoscopic
ultrasound guided fine needle aspiration (EUS-FNA) is
a very good tool for the diagnosis of malignant SPL,
with sensitivity and specificity rates of 91% and 94%,
[2,3]
respectively , but it shows false negative results
[4]
in approximately 15% of cases . Strict follow up for
negative FNA lesions is mandatory and may necessitate
the use of invasive techniques to reach a full diagnosis,
[5]
such as diagnostic laparoscopy .
The elastic properties of the tissues were used to
assist in diagnosis by comparing color images in the B
[6,7]
mode before and after compression . This was used
in endosonography to calculate the elastography of the
[8,9]
lesion without using other invasive techniques . A
[10]
5-scored system was developed by Giovannini et al
and colleagues to distinguish between benign and
malignant lesions, yet it was very subjective. Then,
the strain ratio was developed as a semi quantitative
method by dividing the area of interest by the normal
tissue to improve objectivity and reach a better
[11]
diagnosis .
In this prospective study, we investigate the
efficacy of endosonographic elastography and strain
ratio for the differentiation of benign from malignant
lesions.

RESULTS
SPL were shown to be benign in 49 patients and
malignant in 123 patients. Elastography alone had
a sensitivity of 99%, a specificity of 63%, and an
accuracy of 88%, a PPV of 87% and an NPV of 96%.
The best cut-off level of strain ratio to obtain the
maximal area under the curve was 7.8 with a sensitivity
of 92%, specificity of 77%, PPV of 91%, NPV of 80%
and an accuracy of 88%. Another estimated cut off
strain ratio level of 3.8 had a higher sensitivity of 99%
and NPV of 96%, but with less specificity, PPV and
accuracy 53%, 84% and 86%, respectively. Adding
both elastography to strain ratio resulted in a sensitivity
of 98%, specificity of 77%, PPV of 91%, NPV of 95%
and accuracy of 92% for the diagnosis of SPL.
CONCLUSION
Combining elastography to strain ratio increases the
accuracy of the differentiation of benign from malignant
SPL.

MATERIALS AND METHODS
Patients

Key words: Endoscopic Ultrasound; Elastography;
Strain Ratio; Real Time; Pancreatic lesions

Patients with SPL identified by EUS were enrolled in
this prospective study. It included patients that were
referred to the endoscopy units of both Cairo and
Zagazig University Hospitals for endosonographic
evaluation. The inclusion criteria were as follows:
patients with identified SPL from prior radiological
imaging; patients with extrahepatic biliary obstruction
showing negative imaging results and referred for
EUS; and patients above 18 years old. The exclusion
criteria included: patients who declined to participate
in the study, patients with a contraindication to the
procedure, such as patients unfit for propofol sedation
or coagulopathy, and patients lost to follow up or in
whom the final diagnosis could not be reached. The
ethical committee approved the study protocol and
informed consents were obtained from all patients
prior to the procedure.

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This prospective study included 172 patients
with solid pancreatic lesions (SPL) to evaluate the value
of combining the elastography score to strain ratio for
differentiating benign from malignant lesions. Adding
both elastography to strain ratio resulted in a sensitivity
of 98%, specificity of 77%, positive predictive value
(PPV) of 91%, negative predictive value (NPV) of 95%
and accuracy of 92% for the diagnosis of SPL. The best
cut-off level of strain ratio was 7.8 with a sensitivity of
92%, specificity of 77%, PPV of 91%, NPV of 80% and
an accuracy of 88%. So, adding both diagnostic tools
increases the yielding of diagnosis.

Methods

Okasha H, Elkholy S, El-Sayed R, Wifi MN, El-Nady M, ElNabawi W, El-Dayem WA, Radwan MI, Farag A, El-sherif Y, AlGemeie E, Salman A, El-Sherbiny M, El-Mazny A, Mahdy RE.
Real time endoscopic ultrasound elastography and strain ratio in
the diagnosis of solid pancreatic lesions. World J Gastroenterol
2017; 23(32): 5962-5968 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i32/5962.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i32.5962
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The study was designed as a prospective study to
evaluate the efficacy of elastography and strain
ratio in diagnosing SPL. Eligible patients who agreed
to participate in the study were appointed to the
endoscopy room on the day of the procedure for
EUS examination under conscious sedation with IV
propofol administration. An EUS examination was
performed on all patients with a linear Echoendoscope
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represented by the strain ratio method. Two areas
were selected, area (A) representing the region of
interest and area (B) representing the normal area.
Area (B) was then divided by area (A). For pancreatic
lesions with a homogeneous pattern of elasticity, area
A was chosen from any region, but in heterogeneous
regions, area A was chosen to cover as much hetero
geneous area as possible. Both areas were manually
selected by these criteria. The means of strain ratios
were calculated and used as final results for each
patient as shown in Figures 5 and 6. Subsequently,
the best cut-off value was selected from the receiver
operating characteristic (ROC) curve and was used
for the calculation of diagnostic value. The best cut-off
value of strain ratio was also combined with the results
of elastography for the calculation of diagnostic value.

Table 1 Location of the Solid pancreatic Lesions
Location of pancreatic lesions

Number of cases = 172

Head of the pancreas
Uncinate process
Body of the pancreas
Tail of the pancreas
Diffuse involvement (pan-pancreatic lesion)

118
7
22
4
21

Table 2 Final diagnosis of solid pancreatic lesions
Nature of the lesion
Benign lesions
(49 cases)
Malignant lesions
(123 cases)

Final diagnosis

Number of
cases = 172

Pancreatitis
-Chronic pancreatitis
-Autoimmune pancreatitis
Ductal adenocarcinoma
Mucinous neoplasm
Neuroendocrine tumors
Lymphoma
Metastasis

49
40
9
97
22
2
1
1

Statistical analysis

Sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and accuracy
were calculated by comparing diagnoses made by
elastography, strain ratio and final diagnoses.
The final diagnosis of the SPL was obtained from
the positive cytopathological examination of aspirate
taken by EUS-FNA, the excisional biopsy of surgically
removed tumors, and the presence of metastases or
the follow up of benign lesions for at least one year.

Pentax EG3830UT (HOYA Corporation, PENTAX
Lifecare Division, Showanomori Technology Center,
Tokyo, Japan) connected to a Hitachi EUB-7000 HV
ultrasound unit (Hitachi Medical Systems, Tokyo,
Japan). All examinations were performed by one
endosonographer. For EUS-FNA biopsies, we used the
®
Cook needle 22G (Echotip ; Wilson-Cook, Winston
Salem, NC, United States). Elastography was applied
to evaluate the SPL. Elastography is the sound
wave technique to measure tissue deformation in
response to compression. Theoretically, malignant
lesions are harder than inflammatory ones. The
hardness of the lesion is reflected by the degree of
deformation represented by a color map (red-greenblue colors represent soft to hard tissue, respectively).
Quantitative scores and strain ratios were determined
during the procedure. EUS-FNA was performed after
the elastography.

Qualitative score

RESULTS
From January 2013 to April 2016, 172 patients with
pancreatic lesions were enrolled in this study. There
were 120 males and 52 females with mean age of 55.7
years. The site, final diagnosis of pancreatic lesions,
and elastography score are presented in Tables 1-3.
Scores 1 and 2 were considered benign while
scores 3 to 5 were considered malignant. Elastography
alone had a sensitivity of 99%, specificity of 63%, PPV
of 87%, NPV of 96%, and accuracy of 88% (Table 4).
The mean value of the strain ratio for benign
lesions is 5.58 while the mean value for malignancy is
31.25; this difference was statistically significant at a p
value of 0.01.
Based on the results of the ROC curve that was
used for analysis, the best cut-off level of strain ratio to
obtain the maximal area under the curve was 7.8 with
a sensitivity of 92%, specificity of 77%, PPV of 91%,
NPV of 80% and accuracy of 88%. Another cut off
level of strain ratio was calculated at a level of 3.8 and
demonstrated very high sensitivity (99%) and NPV
(96%), but less specificity (53%), PPV (84%), and
accuracy (86%). Adding elastography to strain ratio
resulted in a sensitivity of 98%, specificity of 77%,
PPV of 91%, NPV of 95% and accuracy of 92% for the
diagnosis of SPL (Table 4).

[10]

‘‘Elastic score’’ reported by Giovannini et al
was
used. A score of 1 was defined as homogeneous soft
tissue (green) and interpreted as normal tissue. A
score of 2 was given to heterogeneous soft tissue
(green, yellow, and red), and interpreted as fibrosis
or inflammation as shown in Figure 1. A score of
3 represented mixed hard and soft tissues (mixed
colors) or a honeycombed elastography pattern,
interpreted as indeterminate for malignancy as shown
in Figures 2 and 3. A score of 4 was given for hard (blue)
lesions with a soft (green) central area, interpreted
as malignant, hypervascularized lesions. Finally, a
score of 5 represents predominantly hard (blue)
lesions with dispersed heterogenic soft (green, red)
areas, interpreted as advanced malignant lesions with
necrotic areas as shown in Figure 4.
The semi quantitative score of elastography was
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The percentage of benign SPL in our study is 28%,
which is similar to a study carried out by Pradermchai

5964

August 28, 2017|Volume 23|Issue 32|

Okasha H et al . Elastography and strain ratio in SPL

Figure 1 A patient with chronic pancreatitis showing heterogeneous
soft tissue (green, yellow, and red), and interpreted as fibrosis or
inflammation.

Figure 4 A patient with advanced malignant lesions with necrotic areas
(elasticity score 5) showing predominantly hard (blue) lesion with
dispersed heterogenic soft (green) areas.

Table 3 Qualitative analysis by elastography distribution
Diagnosis (n = 172)
Pancreatitis
Chronic pancreatitis
Autoimmune
pancreatitis
Ductal adenocarcinoma
Mucinous neoplasm
Neuroendocrine tumors
Lymphoma
Metastasis

Figure 2 A patient with elasticity score 3 showing mixed hard and
soft tissues (mixed colors) or a honeycombed elastography pattern,
interpreted as indeterminate for malignancy.

Score 1 Score 2 Score 3 Score 4 Score 5
6
6
-

25
21
4

12
8
4

-

6
5
1

-

-

28
3
1
1
-

-

69
19
1
1

Table 4 Diagnostic values of elastography and strain ratio

Sensitivity
Specificity
PPV
NPV
Accuracy

Elasticity
score

SR 7.8

SR 3.8

Elasticity score
and SR 7.8

99%
63%
87%
96%
88%

92%
77%
91%
80%
88%

99%
53%
84%
96%
86%

98%
77%
91%
95%
92%

PPV: Positive predictive value; NPV: Negative predictive value.

[14]

surrounding area .
EUS-FNA also has many drawbacks, including the
need for multiple needle passes to obtain an adequate
[15]
sample, iatrogenic complications , a learning curve
and the need to evaluate many cases to obtain better
efficacy.
These drawbacks raised the need to develop
other techniques for the diagnosis of SPL with
fewer complications and better efficacy. Dawwas
and colleagues reported a sensitivity of 100% for
EUS elastography but with a very low specificity of
[16]
16.7% . This was in contrast to previous published
[17,18]
studies
and was not in concordance with our study
that showed a specificity of 63%. Still, a problem
appeared when using the elastic score due to its
subjectivity. In our study, 36.7% (18/49) of patients
with chronic pancreatitis had scores of 3 and 5 which
is supposed to indicate malignancy. This may be

Figure 3 A patient with autoimmune pancreatitis showing elasticity score
3.
[12]

Kongkam and colleagues that reported a percentage
of 23 and is similar to a meta-analysis that presented
[13]
a close figure of 26.5% .
The diagnostic value of EUS-FNA has always
been questioned due to the high false negative rates
[2,5]
encountered; these rates can reach up to 15%-17% .
These false negative findings are manifested mostly in
focal lesions in patients with chronic pancreatitis due
to a similar hypoechoic pattern when compared to the
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As an elastography score is a very subjective tool
and depends on the operator in most of the cases,
another tool was added to increase its specificity
[22-24]
to reach a better diagnosis
. The strain ratio
with different cut off levels was mentioned in many
[16,17,21]
studies
. We had a cut off level of 3.8 that had a
sensitivity, specificity, PPV, NPV and accuracy of 99%,
53%, 84%, 86% and 96%, respectively. This was
similar to the study done by Pradermchai Kongkam
[12]
and colleagues
that identified a cut off value of
3.17 that gave a better specificity of 66.7%, but lower
values in sensitivity, PPV, NPV, and accuracy 86.2%,
89.3%, 60%, and 81.6%, respectively. In our study,
the best cut off value to differentiate benign from
malignant SPL was 7.8, it has a sensitivity of 92%,
specificity of 77%, PPV of 91%, NPV of 80% and
accuracy of 88%.
Other studies have analyzed the usefulness
of quantitative EUS-elastography. Iglesias-Garcia
[25]
et al
published the strain ratio results of 86
consecutive patients with pancreatic solid lesions
(49 adenocarcinomas, 27 inflammatory masses,
6 malignant neuroendocrine tumors, 2 metastatic
oat cell lung cancers, 1 pancreatic lymphoma, and
1 pancreatic solid pseudopapillary tumor) and 20
controls. The strain ratio was significantly higher
among patients with malignant pancreatic tumors than
those with inflammatory masses. Normal pancreatic
tissue showed a mean strain ratio of 1.68 (95%CI:
1.59-1.78). Inflammatory masses exhibited a strain
ratio (mean 3.28; 95%CI: 2.61-3.96) that was
significantly higher than that of the normal pancreas
(P < 0.001), but lower than that of pancreatic adeno
carcinoma (mean 18.12; 95%CI: 16.03-20.21) (P
< 0.001). The highest strain ratio was found among
endocrine tumors (mean 52.34; 95%CI: 33.96-70.71).
The sensitivity and specificity of the strain ratio for
the detection of pancreatic malignancies with a cutoff value of 6.04 were 100% and 92.9%, respectively,
exceeding the accuracy obtained with qualitative
elastography. Another publication retrospectively
evaluated 109 patients with solid pancreatic masses
using the same methodology. A total of 20 patients
were diagnosed with chronic pancreatitis (6 without
and 7 with focal inflammatory masses, and 7 with
autoimmune pancreatitis), 72 were diagnosis with
pancreatic cancer, 9 with pancreatic neuroendocrine
tumors, and 8 with a normal pancreas. In the quali
tative evaluation, all pancreatic cancers showed an
intense blue coloration, whereas the inflammatory
masses presented mixed colorations (green, yellow,
and low-intensity blue). The mean strain ratio was
23.66 ± 12.65 for the inflammatory masses and 39.08
[9]
± 20.54 for pancreatic cancer (P < 0.05) .
To increase the efficacy of the diagnosis of SPL, we
combined elastography with the strain ratio level of 7.8
to have a sensitivity of 98%, a specificity of 77%, an
accuracy of 92%, a PPV of 91% and an NPV of 95%

Figure 5 A patient with pancreatic head malignancy showing high stain
ratio (25.86).

Figure 6 A patient with pancreatic head malignancy showing very high
stain ratio (45.34).

attributed to the presence of calcifications and fibrous
strands, which increases the score. Additionally, 6
patients out of 40 with chronic pancreatitis scored
1 although this score is supposed to reflect normal
pancreatic tissue. Considering that chronic pancreatitis
is a well-known and established risk factor for the
[19]
development of pancreatic cancer , SPL in patients
with chronic pancreatitis is a worrisome feature that
may indicate the development of malignancy on top
of a chronic inflammatory condition. In a study of 373
patients with chronic pancreatitis, 4 of them developed
pancreatic malignancy after a follow up period of 2
[20]
years . Fifty percent of neuroendocrine tumors scored
2 instead of 4 and 71% of ductal adenocarcinomas
had scores of 4 instead of 3 according to the scale.
This was similar to a study published by Itokawa
and colleagues in which only 33% of neuroendocrine
[9]
tumors were scored 4 and 22% had a score of 1 .
In our study, the 2 cases with neuroendocrine tumors
were scored as 3 and 5 and not 4, which may explain
why none of our cases had an elasticity score of 4.
[21]
In a study done by Giovannini et al . Sixteen point
one of the lesions that had scores of 1 or 2 were
adenocarcinoma. This renders elastography less
specific although it has high sensitivity in our study
sensitivity was 99% despite low specificity (63%).
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and increased the accuracy compared to the use of
each tool alone.
SPL should be investigated thoroughly to identify
their type. The use of elastography combined with
strain ratio increases the accuracy of differentiation
between malignant and benign SPL.

7

8

9
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Abstract

Institutional review board statement: The study protocol was
approved by the Ethical Committee of the Second Hospital of
Shandong University.

AIM
To assess the efficacy and safety of sofosbuvir and
daclatasvir regimens for kidney transplantation (KT)
patients with hepatitis C virus (HCV) infection.

Informed consent statement: Written informed consent was
obtained from all patients.

METHODS
This study enrolled a prospective cohort of consecutive
Chinese KT patients with HCV infection. They were
given sofosbuvir combined with daclatasvir, with or
without ribavirin. They were monitored regularly during
and after the treatment.

Conflict-of-interest statement: All authors have no conflicts of
interest.
Data sharing statement: There are no additional data available
in relation to this manuscript.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
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RESULTS
Six patients were recruited in our prospective study
cohort. All patients were male and naive to directacting antiviral treatment. The treatment duration was
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DAAs [e.g., NS5B inhibitor sofosbuvir (SOF) combined
with NS5A inhibitor daclatasvir (DCV), with or without
ribavirin (RBV)] have been shown to be highly efficient
in treating HCV infection in cirrhotic and non-cirrhotic
[5]
immunocompetent patients . SOF revolutionized the
treatment of HCV infection, leading to high rates of
sustained virological response (SVR) with few side
[6]
effects . However, the use of SOF is restricted to
patients with an estimated glomerular filtration rate
2
(eGFR) ≥ 30 mL/min per 1.73 m , as it has not been
studied in patients with an eGFR < 30 mL/min per 1.73
2
m . In other words, these limitations are not based on
current clinical data. GS331007, the active metabolite
of SOF, is eliminated by the kidney. Levels of SOF
and GS331007 are substantially higher in patients
with severe renal impairment (eGFR < 30 mL/min
2 [7]
per 1.73 m ) . Premarket animal testing has raised
concerns for cardiovascular and hepatobiliary toxicity
at higher levels of SOF dosing, but toxicity of the drug
[7]
and metabolite levels in humans remains unknown .
DCV has been recommend for treatment of patients
with severe renal disease, as its components are
metabolized mainly by the liver. Currently, few data on
the treatment of patients post KT are available so far.
The aim of this pilot study was to assess the efficacy
and safety of SOF combined with DCV for HCV RNApositive KT patients.

12 wk. Most patients (4/6) were infected with HCV
genotype 1b. HCV RNA was undetectable at week
4 after treatment and at the end of treatment in all
patients. Sustained virological response rate at 12 wk
was 100% (6/6). Two patients had to accept a half
dose of sofosbuvir due to serum creatinine elevation
during treatment. Kidney function in the remaining
patients was stable. No serious adverse events (AEs)
were observed. No patient discontinued antiviral therapy
due to side effects.
CONCLUSION
Sofosbuvir and daclatasvir for treatment of KT recipients
with HCV infection are highly efficient and safe. Patients
tolerated the medications well, and no serious AEs were
observed. Larger prospective cohort studies are needed
to validate these results.
Key words: Hepatitis C virus; Sofosbuvir; Daclatasvir;
Kidney transplantation; Direct-acting antivirals
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a prospective study to assess the
efficacy and safety of sofosbuvir and daclatasvir
regimens for kidney transplantation (KT) patients with
hepatitis C virus (HCV) infection. This study enrolled
a prospective cohort of consecutive Chinese KT
patients with HCV infection. The recipients were given
sofosbuvir combined with daclatasvir with or without
ribavirin. Sofosbuvir and daclatasvir treatments are
highly efficient and safe. Patients tolerated the regimens
and no serious adverse events were observed. Larger
prospective cohort studies are needed to validate these
results.

MATERIALS AND METHODS
Patients and study design

This study enrolled a prospective cohort of consecutive
Chinese KT patients with HCV infection from March
to September 2016. They were given SOF combined
with DCV, with or without RBV therapy at the De
partment of Infectious Diseases and Hepatology,
the Second Hospital of Shandong University, Jinan,
China. Written informed consent was obtained from
all patients, and the study protocol was approved
by the Ethical Committee of the Second Hospital
of Shandong University. All patients were noncirrhotic [diagnosed by either ultrasonography, CT or
determination of liver stiffness (FibroScan; cut-off for
cirrhosis: 12.5 kPa)]. They were all naive to treatment,
and their baseline eGFR was above 30 mL/min per
2
1.73 m . All patients received therapy for 12 wk.
Patients with coexisting hepatitis B virus infection,
human immunodeficiency virus infection, alcoholism,
autoimmune hepatitis, or malignancy were excluded.
Clinical assessment, conventional liver and kidney
biochemistry parameters, serum HCV RNA, as well as
the types of immunosuppressive drugs and their doses
were assessed routinely as follows: at the beginning
of treatment; 2, 4 and 12 wk post treatment; at the
end of treatment (EOT); and at 12 wk after therapy
was completed. Prothrombin time, alpha-fetoprotein
and abdominal ultrasonography were tested when
necessary.

Xue Y, Zhang LX, Wang L, Li T, Qu YD, Liu F. Efficacy and
safety of sofosbuvir and daclatasvir in treatment of kidney
transplantation recipients with hepatitis C virus infection. World
J Gastroenterol 2017; 23(32): 5969-5976 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i32/5969.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i32.5969

INTRODUCTION
Hepatitis C virus (HCV) infection is common in kidney
transplantation (KT) recipients. The worldwide pre
valence of HCV infection in patients on hemodialysis is
[1]
13.5%, compared with 3% in the general population .
The prevalence is significantly higher in patients with
[2]
KT than in the general population . HCV infection
in KT recipients increases the risk of graft loss, liver
[3,4]
fibrosis, hepatocellular carcinoma, and death . To
date, data on the efficacy and safety of direct-acting
antivirals (DAAs) in the treatment of KT patients with
HCV infection have been limited. New-generation
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Statistical analyses were performed using SPSS 17.0
(SPSS, Chicago, IL, United States). HCV RNA levels
were logarithmically transformed for further analysis.
Continuous variables are expressed as either mean ±
SD or as median and range. Frequencies were used
for categorical variables. Quantitative variables were
compared using the t test or the Mann-Whitney U
test for variables according to different characteristics
of distribution when necessary. Categorical data
2
were compared using the Pearson χ test or Fisher’s
exact test when necessary. P < 0.05 (two-tailed) was
considered statistically significant.
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Our study cohort included a total of six Chinese KT
recipients with HCV infection. One of them (1/6) had
received two kidney transplants. All six patients were
male and their mean age was 45.3 (40-49) years.
None had cirrhosis. They were infected with HCV
genotype 1 (4/6 GT1b), genotype 3 (1/6 GT3a) and
genotype 6 (1/6 GT6a). Viral load was measured
with a range between 0.514 and 29.5 million IU/mL.
2
eGFR was > 30 mL/min per 1.73 m at the beginning
of treatment. They were all naive to treatment, and
all received 12 wk of therapy. Treatment started at
400 mg of SOF and 60 mg of daclatasvir daily in all
patients. Dosage of SOF was adjusted to 200 mg daily
in two patients due to elevated serum creatinine levels,
one on day 2 of treatment, and the other on day 15.
One of the patients received RBV (weight-based) in
addition to 400 mg of SOF and 60 mg of daclatasvir.
The others were treated without RBV. All patients
suffered from hypertension. Their antihypertensive
medications were switched from calcium channel
blockers to angiotensin receptor antagonists or angio
tensin converting enzyme inhibitors. The baseline clinical
characteristics of the six patients are summarized in
Table 1.
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HCV RNA on the antiviral treatment
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A

Figure 1 Outcomes of hepatitis C virus RNA (A), alanine amino
transferase levels (B) and estimated glomerular filtration rates (C) at
different treatment time points in the six patients. EOT: End of therapy; ALT:
Alanine aminotransferase; eGFR: Estimated glomerular filtration rate; HCV:
Hepatitis C virus.

Biochemical response was identified as normalization
of transaminases. Virological response was identified as
rapid virological response (RVR, negative HCV RNA at 4
wk on treatment) and SVR (SVR12, negative HCV RNA
at 12 wk after EOT).
Adverse events (AEs) were surveilled during the
treatment period.

Virological response

Biochemistry and laboratory methods

All six patients completed antiviral treatment, and were
followed for at least 12 wk post treatment. There were
no discontinuations of therapy and none were lost to
follow-up. All six patients achieved RVR, of whom four
had undetectable viral load by week 2 of treatment. All
patients had undetectable HCV viral load at the end of
treatment. SVR12 rate was achieved in 100% (6/6) of
the recipients. Timelines of virological responses are
depicted in Figure 1A.

Liver and kidney biochemical parameters were tested
with a Beckman UniCel DXC 800 Chemistry Analyzer
(Beckman Coulter, Fullerton, CA, United States). HCV
RNA was detected by quantitative real-time PCR assay
using the Cobas Taqman HCV test v 2-(LLOQ 15 IU/mL).
Serum anti-HCV antibodies were measured by enzymelinked immunosorbent assay with a diagnostic kit for
HCV (Zhuhai Livzon Diagnostics Inc, China). HCV
genotypes were determined by direct sequencing of
amplicons of the HCV gene using PCR. The eGFR was
calculated based on the serum creatinine measure
ment prior to the initiation of treatment using the
Chronic Kidney Disease Epidemiology Collaboration

WJG|www.wjgnet.com

Liver biochemistry parameters and other laboratory
values

Serum alanine aminotransferase (ALT), aspartate
aminotransferase and γ-glutamyl transferase levels
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Table 1 Baseline clinical characteristics of patients after kidney transplantation treated with sofosbuvir and daclatasvir
Patient number
Age/gender
Pre-treatment serum HCV
viral load (IU/mL)
HCV genotype
Anti-HCV
Cirrhosis
Number of kidney
transplantations
Prior antiviral therapy
Baseline serum Cr (µmol/L)
(n = 53-115)
Baseline eGFR (mL/min)
Baseline Hgb (g/dL)
Baseline ALT (IU/L)
Baseline AST (IU/L)
Baseline γ-GT (IU/L)
Baseline TB (µmol/L)
Baseline (Hb g/L)
Complication
Antiviral regimen

1

2

3

4

5

6

47/M
3.2E+6

40/M
8.6E+5

40/M
1.4E+7

48/M
5.14E+5

48/M
2.95E+7

49/M
8.08E+5

1b
Negative
No
Two

1b
Positive
No
One

3a
Positive
No
One

1b
Positive
No
One

6a
Negative
No
One

1b
Positive
No
One

No
84.2

No
146.6

No
175.6

No
75.5
63.63
113
68
161
162
30
113
Hypertension

80.04
136
67
143
621
29.2
136
Hypertension

Sofosbuvir 400 mg
daily + daclatasvir 6
0mg daily

Sofosbuvir
400 mg daily +
daclatasvir 60 mg
daily

Treatment duration (wk)
12
Baseline immunosuppressive Mycophenolatemofetil
regimen
500 mg bid
Tacrolimus (FK506)
0.5 mg bid

Baseline anti-hypertension
regimen

Other regimens

12
Mycophenolate
mofetil 540 mg
bid
Tacrolimus
(FK506)1.5 mg bid

Methylprednisolone Prednisone 5 mg
4 mg qd
qd
Metoprolol 12.5 mg qd Benazepril 10 mg
qd
Valsartan 80 mg
qd
Benzbromarone tablets
12.5 mg bid

42.86
121
26
42
55
9.6
121
Hypertension

No
128

No
89.3

30.94
111
13
27
25
8
94
Hypertension

48.29
61.85
167
137
26
44
42
54
60
54
18.7
12.5
167
137
Hypertension/
Hypertension
Diabetes
Sofosbuvir
Sofosbuvir
Sofosbuvir
Sofosbuvir 400 mg
400 mg daily +
400 mg daily +
400 mg daily + daily + daclatasvir 60
daclatasvir 60 mg daclatasvir 60 mg daclatasvir 60 mg
mg daily
daily + ribavirin
daily
daily
0.6 g daily
12
12
12
12
Mycophenolate
Mycophenolate Cyclosporin A 75
Mycophenolate
mofetil 540 mg
mofetil 750 mg
mg bid
mofetil 720 mg bid
bid
bid
Tacrolimus
Tacrolimus 2 mg Mycophenolate Tacrolimus (FK506)
(FK506)2 mg bid
bid
mofetil 540 mg
0.5 mg bid
bid
Prednisone 5mg Prednisone 5 mg Prednisone 5 mg Methylprednisolone
qd
qd
qd
4 mg qd
Benazepril 10 mg Valsartan 80 mg Irbesartan 150 mg
None
bid
bid
bid

Recombinant
human
erythropoietin
injection 10000 U,
IH, biw

Cr: Creatinine; eGFR: Estimated glomerular filtration rate; HCV: Hepatitis C virus; HD: Hemodialysis; Hb: Hemoglobin; IU: International units; MMF:
Mycophenolate mofitil; MPGN: Membranoproliferative glomerulonephritis; N/A: Not applicable; IH: Hypodermic injection; qd: Once daily; bid: Twice
daily; biw: Twice weekly.

suffered from fatigue 40 d after therapy began, along
with tinnitus, and discomfort of the abdomen and
transplanted kidney regions. However, symptoms
spontaneously disappeared during subsequent
treatment. Antihypertensive medication was modified
in patients 2, 3 and 5 to avoid drug interactions with
DCV, causing unstable blood pressure during the
first two weeks of treatment. No patient had renal
transplant complications related to antiviral treatment,
and there were no kidney rejection episodes. Antiviral
therapy was not discontinued due to side effects in any
patient. Patient 4 had to accept a half-dose SOF on the
second day of treatment because his serum creatinine
level increased from 175.6 µmol/L to 209 µmol/L,
2
and his eGFR fell to less than 30 mL/min per 1.73 m .

significantly improved with the antiviral treatment,
especially during the initial two weeks. Hemoglobin
levels were stable during treatment. Timelines of the
ALT values are shown in Figure 1B.

AEs

No serious AEs were reported during the treatment
process. Common AEs included fatigue (1/6), diarrhea
(1/6), tinnitus (1/6), abdominal discomfort (1/6),
discomfort of transplanted kidney region (1/6),
refractory hypertension (1/6), elevation of serum
creatinine (2/6), and unstable blood pressure (3/6).
Patient 6 suffered from fatigue and diarrhea one
week after therapy, but he continued DAA treatment,
and his diarrhea gradually ameliorated. Patient 4
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[10-12]

cellular carcinoma and death
. To date, treatment
recommendations for patients with HCV infection of
American Association for the Study of Liver Diseases
and European Association for Study of Liver have been
modified four times. With these recommendations,
new IFN-free DAA therapy may prove to be the treat
ment of choice.
SOF is an inhibitor of the NS5B polymerase. As a
nucleotide analogue, it causes chain termination during
the replication of viral genomic RNA. SOF has a pangenotypic activity and a high resistance barrier. It may
only be given to patients with a glomerular filtration
2
rate above 30 mL/min per 1.73 m due to its renal
elimination.
Daclatasvir is an NS5A inhibitor that has high
antiviral activity against genotypes 1 to 4 both in vivo
and in vitro, and is also active against genotypes 5 and
6. DCV does not require renal dose adjustment and
thus provides a promising option for the “difficult-totreat” cohort.
The combination of SOF + DCV ± RBV has been
investigated in treatment-naive patients with genotype
1, 2 and 3 without cirrhosis in several clinical studies.
The results showed high SVR rates between 93%-100%
regardless of treatment duration and addition of RBV.
The ALLY-1 study investigated SOF + DCV + RBV for
12 wk in patients with cirrhosis (n = 60). For genotype
1, patients with cirrhosis achieved an SVR rate of
[13]
82% . Initially, only a 24-wk treatment was evaluated
in genotypes 2 and 3 patients. The SVR rates were
[14]
92% in genotype 2 and 89% in genotype 3 . ALLY-3
study genotype 3 patients were treated with SOF +
DCV for 12 wk without RBV. Naive patients without
cirrhosis achieved a high SVR rate of 97%, while in
[15]
case of cirrhosis, the SVR rate was lower (only 58%) .
However, the efficacy and safety of DAAs, especially the
combination of SOF + DCV ± RBV, in patients post KT
[16]
are rarely reported .
In our study, all KT patients with HCV infection who
received SOF and DCV regiments achieved RVR, EOT
virological response (HCV RNA were undetectable at
the EOT) and SVR12. Liver biochemistry parameters
ameliorated significantly during antiviral treatment.
The RVR rate and SVR12 rate of this group differed
from those in several similar studies. For KT patients
[17]
with HCV infection, Lin et al
reported an overall
SVR12 rate of 91% (21/23). Patients in their study
were given SOF plus simeprevir, with or without RBV,
SOF plus ledipasvir, with or without RBV, or SOF plus
RBV. Only two patients who relapsed post treatment
had traditionally unfavorable treatment profiles. The
two patients were African-American, had genotype
1a infection, high pre-treatment HCV viral load, and
underlying advanced liver disease/cirrhosis, were
previously treatment-experienced with interferon
[17]
[18]
and RBV, and did not achieve RVR . Kamar et al
reported an RVR rate of 88% (22/25) in their study,
and their SVR12 rate was 100% (25/25). The three

Table 2 Adverse events reported

Any adverse
event leading to
discontinuation
Serious adverse
events

Common adverse
events

Event

Patients

-

0

Gastrointestinal bleeding/Portal
vein thrombosis and Streptococcus
bacteremia/Sinus bradycardia and first
degree A-V block with syncope
Fatigue
Diarrhea
Tinnitus
Elevation in serum creatinine
Discomfort of abdomen
Discomfort of transplanted kidney
region
Unstable blood pressure
Rash
Insomnia
Headache

0

2
1
1
2
1
1
3
0
0
0

His serum creatinine levels remained stable for the
rest of the course. Patient 5 was hospitalized twice
for elevated serum creatinine levels in the process of
treatment, and the dose of SOF was reduced to 200
mg daily starting in the third week. Kidney function
remained stable in the remaining patients, including
patient 3, whose baseline serum creatinine level was
146.6 µmol/L. Kidney function remained stable in
the remaining patients. Other AEs, such as nausea,
headache and myalgia/arthralgia, were not reported.
Table 2 displays all AEs reported. eGFR values are
shown in Figure 1C.

Immunosuppression

All six patients were on immunosuppressive agents.
Five patients received tacrolimus and mycophenolate
mofetil. The remaining patient received cyclosporine
and mycophenolate mofetil (Table 3). Other agents
included prednisone or methylprednisolone, and
azathioprine. During antiviral treatment, blood con
centrations of tacrolimus, mycophenolate mofetil, and
cyclosporine varied within goal trough levels according
to the risk of immune rejection. Immunosuppressive
agents were adjusted in three patients. The other
patients’ blood concentrations of immunosuppressive
agents remained stable throughout the course of
antiviral therapy. All dose adjustments of immuno
suppressive agents during treatment are displayed in
Table 3.

DISCUSSION
With a global prevalence rate of approximately 3%,
affecting over 170 million individuals, chronic HCV
infection is a leading cause of chronic liver disease and
[9]
hepatocellular carcinoma worldwide . Importantly,
for patients with KT, HCV infection is associated with
an increased rate of liver fibrosis, graft loss, hepato
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Table 3 Adjustment of immunosuppression regimen in patients after renal transplantation treated with sofosbuvir and daclatasvir
KT patient 1
Baseline
immunosuppressive
regimen

1st adjustment

2nd adjustment

3rd adjustment

KT patient 2

KT patient 3

KT patient 4

KT patient 5

KT patient 6

Prednisone 5 mg qd

Prednisone 5 mg qd Prednisone 5 mg Methylprednisolone 4 Prednisone 5 mg qd Methylprednisolone
qd
mg qd
4 mg qd
Mycophenolate mofetil Mycophenolate
Mycophenolate Mycophenolate mofetil Mycophenolate
Mycophenolate
1.5 g bid
mofetil 540 mg bid mofetil 540 mg
750 mg bid
mofetil 540 mg bid mofetil 720 mg bid
bid
Tacrolimus (FK506) 0.5 Tacrolimus (FK506)
Tacrolimus
Tacrolimus (FK506) 2 Cyclosporine 75 mg Tacrolimus (FK506)
mg bid
1.5 mg bid
(FK506) 2 mg bid
mg bid
bid
0.5 mg bid
FK506 0.5 mg qd +
No
No
Mycophenolate mofetil Cyclosporine 75 mg
No
1 mg qn (3 wk after the
1000 mg bid
qd + 50 mg qn (5 d
FK506 3 mg bid
treatment for his blood
after the treatment
(11 wk after the
drug concentration of
for his blood drug
treatment for his blood concentration of
FK506 was 3.7 ng/mL).
drug concentration of cyclosporine rose to
FK506 was 5.4 ng/mL).
277.9 ng/mL).
FK506 4 mg bid (8 wk
No
No
No
Mycophenolate
No
after the treatment
mofetil 720 mg
for his blood drug
bid (45 d after the
concentration of FK506
treatment was
was 6.4 ng/mL).
begun).
Mycophenolate
No
No
No
No
No
mofetil 1000 mg bid
(one month after the
treatment)

[20]

patients who did not achieve RVA had an METAVIR
fibrosis score of F2. Two of the three patients were
infected with HCV genotype 1b and were given SOF
+ simeprevir + RBV or SOF + ledipasvir without RBV.
The third patient was infected with genotype 4 and
treated with SOF + ledipasvir. The combination of SOF
+ DCV ± RBV in our study showed higher RVR and
SVR12 rates than other studies. Possible reasons for
this include: (1) our patients are all Asian; (2) they
were all given SOF combined with DCV with or without
RBV; (3) all patients were non-cirrhotic; (4) they were
all naive to treatment; (5) they were younger than
those in other studies; and (6) they were all compliant.
To date, data regarding efficacy and safety of DAAs
in the treatment of KT patients with HCV infection have
[19]
been limited. Nazario et al reported few AEs with full
dose SOF and simeprevir in patients with end-stage
renal diseases, although only 11/17 patients completed
[20]
the 12-wk post-treatment follow-up. Beinhardt et al
reported some serious AEs, such as photosensitivity/
sunburn, spontaneous bacterial peritonitis, hemolytic
anemia, re-listing for transplantation due to graft
failure, as well as common AEs, such as headache and
myalgia/arthralgia. We did not observe these in our
study.
The majority of patients in our study tolerated SOF
and DCV regimens well. Some of the more serious
AEs may be related to the disease itself. Hemoglobin
levels were stable during treatment, consistent with
[18]
the results of other reports . Notably, 67% (4/6) of
our patients tolerated full-dose SOF well. Only two
patients, whose baseline serum creatinine levels were
higher than normal, received half-dose SOF. Three
patients suffered from unstable blood pressure during

WJG|www.wjgnet.com

the first two weeks, as reported in another study .
Common AEs including fatigue, diarrhea, tinnitus,
discomfort of abdomen and transplanted kidney
region, refractory hypertension, and elevation in serum
creatinine levels were reported during treatment, just
[20]
as reported in another study .
[21]
Dabbous et al
reported one recipient death
one week following treatment inception, due to unre
solved hepatic encephalopathy. Some AEs, such as
gastrointestinal bleeding, portal vein thrombosis and
Streptococcus bacteremia, sinus bradycardia and ﬁrst
degree A-V block with syncope, shortness of breath,
gout flair, headache, dizziness, pain in the lower
extremity, photosensitivity, rash, and insomnia, were
[17]
reported by Lin et al .
Anti-HCV assay by enzyme immunoassay (EIA)
technique is the most common screening tool for
HCV infection due to its simplicity, availability and low
cost. The second generation EIA (EIA-2) assay was
frequently associated with false negative results in
patients with end stage renal diseases on dialysis, with
[15,20]
a reported rate of 2.6%-7%
. In our cohort, two
patients were false negative for anti-HCV. Therefore,
we recommend that HCV RNA should be determined in
patients following KD.
The main limitation of our study is its small sample
size. However, in the current clinical environment of
increased need for treatment in the “difﬁcult-to-treat”
group, we believe that our study results offer proof of
concept and feasibility data for future larger studies.
In conclusion, even though HCV patients with KT
are considered “difficult-to-treat”, SOF plus daclatasvir
is an attractive therapeutic option. The regimens
appear to be safe, well-tolerated and efficacious,
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resulting in high rates of SVR for up to 12 wk following
completion of treatment. The optimal dose of SOF
should be adjusted according to the creatinine clearance
rate and eGFR. With these adjustments, even patients
with elevated baseline serum creatinine levels can
achieve satisfactory results.
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AIM
To evaluate the efficacy and safety of HL tablet
extracted from magnolia officinalis for treating patients

Conflict-of-interest statement: All authors have no conflicts of

WJG|www.wjgnet.com

5977

August 28, 2017|Volume 23|Issue 32|

Jeong JY et al . HL tablet for NAFLD

with nonalcoholic fatty liver disease (NAFLD).

INTRODUCTION

METHODS
Seventy-four patients with NAFLD diagnosed by
ultrasonography were randomly assigned to 3 groups
given high dose (400 mg) HL tablet, low dose (133.4
mg) HL tablet and placebo, respectively, daily for 12
wk. The primary endpoint was post-treatment change
of hepatic fat content (HFC) measured by magnetic
resonance spectroscopy. Secondary endpoints included
changes of serum aspartate aminotransferase, alanine
aminotransferase (ALT), cholesterol, triglyceride, free
fatty acid, homeostasis model assessment-estimated
insulin resistance, and body mass index (BMI).

Nonalcoholic fatty liver disease (NAFLD) is one of
the most common causes of chronic liver disease
worldwide, and includes a spectrum of diseases from
simple steatosis to nonalcoholic steatohepatitis (NASH),
[1]
and liver cirrhosis . Some patients with NAFLD have
NASH and some of these may progress to liver cirrhosis
[2]
and develop hepatocellular carcinoma . Also, the
prevalence of NAFLD is growing gradually with the
[3,4]
increase in population age and obesity . Life-style
change has been the most effective treatment for
[5-7]
NAFLD , while effective and safe drugs for NAFLD
[1]
are not yet available . Therefore the demand for new
drugs for NAFLD is increasing worldwide.
In NAFLD, visceral adipose tissue emits multiple
signals that alter lipid and glucose metabolism, causing
fat accumulation and a proinflammatory environment
[1]
in the liver . These effects lead to injury to the liver
and other tissues. Oxidative stress, lipotoxicity, and
endoplasmic reticulum and mitochondrial apoptotic
pathways contribute to liver damage and promote liver
[1]
fibrosis .
Magnolia officinalis (MO) is a traditional medicinal
plant that has been used to treat liver diseases and
[8]
other diseases . Some constituents extracted from
MO have been reported to have anti-inflammatory
[9,10]
and antioxidant effects
, and MO can be effective
against NAFLD. In vitro honokiol, extracted from MO,
induced apoptosis of the activated hepatic stellate
[11]
cells responsible for hepatic fibrosis . Honokiol and
magnolol extracted from MO significantly inhibited
hepatic toxicity induced by galactosamine, generation
of intracellular reactive oxygen species and glutathione
[9]
depletion . Also, MO inhibited lipid accumulation
[12]
in free fatty acid (FFA)-exposed hepatocytes . In
another study, MO ameliorated body fat accumulation,
insulin resistance, and adipose inflammation in high
[13]
fat-fed mice .
We hypothesized that MO would improve steatosis
and inflammation in patients with NAFLD. HL tablet is
a new botanical drug extracted from MO. The aim of
this study was thus to evaluate the efficacy and safety
of HL tablet in the treatment of patients with NAFLD.

RESULTS
The mean HFC of the high dose HL group, but not of
the low dose group, declined significantly after 12 wk
of treatment (high dose vs placebo, P = 0.033; low
dose vs placebo, P = 0.386). The mean changes of HFC
from baseline at week 12 were -1.7% ± 3.1% in the
high dose group (P = 0.018), -1.21% ± 4.97% in the
low dose group (P = 0.254) and 0.61% ± 3.87% in the
placebo group (relative changes compared to baseline,
high dose were: -12.1% ± 23.5%, low dose: -3.2%
± 32.0%, and placebo: 7.6% ± 44.0%). Serum ALT
levels also tended to decrease in the groups receiving
HL tablet while other factors were unaffected. There
were no moderate or severe treatment-related safety
issues during the study.
CONCLUSION
HL tablet is effective in reducing HFC without any
negative lipid profiles, BMI changes and adverse effects.
Key words: Botanical drug; Nonalcoholic fatty liver
disease; Magnetic resonance spectroscopy; Randomized
controlled trial; Magnolia officinali
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The prevalence of nonalcoholic fatty liver
disease (NAFLD) is growing gradually with the increase
in population age and obesity, while effective and safe
drugs for NAFLD are not yet available. HL tablet, a
new botanic drug extracted from magnolia officinalis ,
is effective in reducing hepatic fat content without any
negative lipid profiles, body mass index changes and
adverse effects.

MATERIALS AND METHODS
Study design and population

Our study was a multi-center, randomized allocation,
double-blind, placebo controlled, 3 group parallel,
phase Ⅱ trial between November 2013 and May
2015 in 3 hospitals in the Republic of Korea. It was
conducted in patients with NAFLD diagnosed by ultra
sonographic examination. The inclusion criteria were
(1) age 19-75 years; (2) ultrasonographic features
of nonalcoholic fatty liver; and (3) serum alanine
aminotransferase (ALT) or aspartate aminotransferase

Jeong JY, Sohn JH, Baek YH, Cho YK, Kim Y, Kim H. New
botanical drug, HL tablet, reduces hepatic fat as measured by
magnetic resonance spectroscopy in patients with nonalcoholic
fatty liver disease: A placebo-controlled, randomized, phase Ⅱ
trial. World J Gastroenterol 2017; 23(32): 5977-5985 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v23/
i32/5977.htm DOI: http://dx.doi.org/10.3748/wjg.v23.i32.5977
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(AST) above the upper normal limits. Exclusion criteria
were (1) serum AST/ALT > 2; (2) type 1 diabetes;
(3) other liver diseases (viral hepatitis, autoimmune
hepatitis or biliary obstruction, etc.); (4) excessive
alcohol consumption ≥ 30 g/d for men and ≥ 20
g/d for women; (5) use of steatogenic medications
(amiodarone, methotrexate, systemic glucocorticoids,
tetracycline or tamoxifen, etc.) within the past 3
mo; (6) serious underlying diseases (liver cirrhosis,
malignancy, severe metabolic disease, serious kidney
disease, serious cardiovascular disease or serious lung
disease, etc.); (7) history of bariatric surgery within
the past 6 mo; (8) contraindication for magnetic
resonance spectroscopy (MRS), such as history of
pacemaker implantation or shunt operation; and (9)
pregnancy, breastfeeding or hypersensitivity to MO.
This study protocol conformed to the ethical guidelines
of the 1975 Declaration of Helsinki and was approved
by the ethics committee of each hospital, and was
registered at ClinicalTrial.gov (NCT02491905).
After all the included patients had provided written
informed consent, they were randomly assigned
(1:1:1) to groups given high dose (400 mg) HL tablet,
low dose (133.4 mg) HL tablet or placebo daily for 12
wk. Patients visited the clinic at baseline and after 4,
8, and 12 wk of treatment. At each visit, a physical
examination was conducted, adverse drug events
were recorded, and compliance with medication was
assessed by pill counts. MRS was performed at baseline
and after 12 wk of treatment. Body mass index
(BMI) and blood tests such as serum AST, ALT, lipid
profiles [total cholesterol, triglycerides, high density
lipoprotein (HDL) cholesterol, low density lipopro
tein (LDL) cholesterol, very low density lipoprotein
(VLDL) cholesterol and FFA], and homeostasis model
assessment-estimated insulin resistance (HOMA-IR)
were performed at baseline and after 8 and 12 wk of
treatment. A follow-up phone call related to safety was
performed at 16 wk.

The sequence parameters for all three sites were:
repetition time (TR) = 2000 ms, spectral bandwidth =
2500 Hz, 2048 data points, and voxel size = 2.5 cm ×
2.5 cm × 2.5 cm. At sites Ⅰ and Ⅱ, data were collected
under the end-exhalation breath-hold condition using
echo times (TEs) = 36 and 100 ms, number of receiver
channels (NRC) = 32, and number of signal averages
(NSA) = 4. At site Ⅲ, data were collected under the
shallow breathing condition using TE = 30 and 100 ms,
NRC = 20, and NSA = 8. The data acquired at the two
different TEs were used for T2 collection. Immediately
after each scan, the quality of the spectrum was
examined based on the signal intensities and line
shapes (including line widths) of the water (about 4.7
ppm) and fat (about 1.3 ppm) signals. In cases where
a spectrum was considered contaminated (e.g., due
to patient movement), the scan was repeated with the
consent of the patient. After the MRS scan, the raw
data were stored. The voxels in the post-treatment
MRS scan were carefully co-registered with those in
the pre-treatment, baseline scan by referring to the
previous data (voxel locations superimposed on the
scout images in the three orthogonal directions).
The MRS data were processed with a jMRUI
[15]
(v5.0) . First, they were Fourier-transformed, linebroadened and phase-corrected, and the peak areas
of the water (about 4.7 ppm) and lipid (methylene
at about 1.3 ppm) resonances were obtained using
AMARES for the individual spectra acquired at two
[16]
different TEs . Then, the T2’s of water and lipid were
corrected by assuming single exponential decay. From
the T2-corrected water and lipid signal intensities, a
hepatic fat fraction (HFF) was calculated as lipid/(water
+ lipid) × 100 for each voxel. Finally, the mean HFF
value over the two voxels was used as the HFC value
for each patient.

Endpoints and safety evaluation

The primary endpoint was the post-treatment change
in HFC measured by MRS. Secondary endpoints in
cluded post-treatment changes of serum AST, ALT,
cholesterol, triglycerides, FFA, HOMA-IR, and BMI.
Safety assessments included adverse events, laboratory
findings, vital signs and electrocardiograms. Adverse
events were classified as mild, moderate or severe, and
as certainly, probably/likely, possibly, not likely, and not
due treatment, or not known.

Assessment of hepatic fat content by MRS

MRS of the liver was performed to assess HFC at
baseline and after 12 wk of treatment. MRS data were
collected on 3.0T human scanners (Philips (Philips
Medical Systems, Best, Netherlands) at Hanyang
University Guri Hospital (siteⅠ) and Kangbuk Samsung
Hospital (site Ⅱ), and on a General Electric scanner
(GE Healthcare, Waukesha, United States) at Dong-A
University Hospital (site Ⅲ). Patients were placed
inside the magnet in a supine position. Prior to data
collection, scout images were acquired along the three
orthogonal axes in the end-exhalation breath-hold
condition. To account for potential liver heterogeneity,
two MRS voxels were defined in the liver (one from S5,
6 and the other from S7, 8 for each patient) avoiding
major blood vessels. The edges of the voxels were
at least 1 cm from the borders of the liver. A point[14]
resolved spectroscopy (PRESS) sequence was used .
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Statistical analysis

The 18 subjects in each group provided a power of
90% for identifying a difference of 4.6% in liver fat
decrease between placebo and the low dose HL group.
In previous studies, pioglitazone was shown to produce
a 10% reduction in liver fat compared to baseline
[17]
and 0% in the placebo . Also, the 8% weight loss
group in a weight loss program was shown to have a
[18]
4.6% reduction in liver fat compared to baseline .
Therefore, we considered that the high dose HL group
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Table 1 Baseline characteristics of the study population
Characteristic
Age, yr
Males, n (%)
Height, cm
Weight, kg
BMI, kg/m2
Above moderate steatosis in US, n (%)
MRS liver fat, %
AST, IU/L
ALT, IU/L
Total cholesterol, mg/dL
Triglyceride, mg/dL
HDL cholesterol, mg/dL
LDL cholesterol, mg/dL
VLDL cholesterol, mg/dL
Free fatty acid, μEq/L
HOMA-IR

High dose
(n = 22)
39.1 ± 9.5
20 (90.9)
170.1 ± 7.1
82.4 ± 12.1
28.2 ± 3.4
18 (81.8)
16.1 ± 7.1
52.0 ± 19.1
89.8 ± 34.8
205.0 ± 40.3
190.3 ± 80.6
46.3 ± 7.1
136.0 ± 36.3
22.7 ± 11.2
526.2 ± 209.5
2.6 ± 1.6

Low dose
(n = 23)
45.5 ± 11.5
14 (60.9)
166.7 ± 10.3
78.4 ± 16.0
28.2 ± 4.0
16 (69.6)
13.3 ± 7.1
58.4 ± 24.9
90.3 ± 50.9
208.1 ± 31.2
210.8 ± 137.9
49.3 ± 10.9
133.6 ± 29.7
25.3 ± 16.3
523.7 ± 341.6
2.5 ± 1.0

Placebo
(n = 23)
42.7 ± 11.2
20 (87.0)
170.4 ± 8.4
82.9 ± 13.1
28.4 ± 3.7
16 (69.6)
12.0 ± 7.5
46.3 ± 20.5
67.4 ± 32.7
194.5 ± 36.2
286.7 ± 216.1
43.6 ± 9.9
118.6 ± 30.7
32.4 ± 21.5
581.9 ± 634.7
3.5 ± 2.4

P value
High dose vs placebo
0.474
1.0001
0.916
0.891
0.805
0.4911
0.065
0.461
0.109
0.155
0.308
0.337
0.053
0.263
0.135
0.167

Low dose vs placebo
0.355
0.0441
0.184
0.301
0.855
1.000
0.526
0.077
0.078
0.179
0.162
0.071
0.099
0.214
0.700
0.3262

Fisher’s exact test; 2Wilcoxon’s rank sum test. Continuous data are expressed as mean ± SD. Categorical data are expressed as n (%). BMI: Body mass
index; US: Ultrasonography; MRS: Magnetic resonance spectroscopy; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; HDL: High
density lipoprotein cholesterol; LDL: Low density lipoprotein cholesterol; VLDL: Very low density lipoprotein cholesterol; HOMA-IR: Homeostasis model
assessment-estimated insulin resistance.
1

completed the study (60/74; 81.1%).
Baseline characteristics were mostly similar in the
3 groups, as shown in Table 1. Patients in this study
had a mean age of 39.1 ± 9.5 years in the high dose
HL group, 45.5 ± 11.5 years in the low dose HL group
and 42.7 ± 11.2 years in the placebo group. The low
dose HL group was significantly low in males compared
to the placebo group (P = 0.044). Hepatic fat by MRS
showed a tendency to be higher in the high dose HL
group than the placebo group (high dose vs placebo:
16.1% ± 7.1% vs 12.0% ± 7.5%, P = 0.065).

would have a 10% reduction in liver fat compared to
baseline and the low dose HL group a 4.6% reduction.
To detect these levels of change, a sample size of 23
subjects in each group was needed, assuming a 20%
drop-out rate.
Analyses were conducted principally by full ana
lysis set and were supplemented by per protocol
set. Continuous variables are given as mean values
with SD or median values with inter-quartile ranges.
Categorical variables are given as frequencies or
percentages. Baseline characteristics of the placebo
group and each HL group (high dose vs placebo, low
dose vs placebo) were evaluated using a two sample
t-test or Wilcoxon’s rank sum test for continuous
2
variables and Pearson’s χ test or Fisher’s exact test for
categorical variables. Differences between variables
were evaluated using two-sample t-tests or Wilcoxon’s
rank sum tests. Changes of HFC from baseline after
12 wk of treatment within each group were evaluated
using paired t tests or Wilcoxon signed rank tests.
P values < 0.05 in 2-sided tests were considered
statistically significant. SPSS 19.0 for Windows (SPSS
Inc, Chicago, IL, United States) was used for all
statistical analyses.

Primary end point

The mean HFC of the high dose HL group, but not
of the low dose group, declined significantly after 12
wk of treatment (high dose vs placebo, P = 0.033;
low dose vs placebo, P = 0.386) (Table 2). The mean
changes of HFC from baseline at week 12 were -1.7%
± 3.1% in the high dose group (P = 0.018), -1.21% ±
4.97% in the low dose group (P = 0.254) and 0.61%
± 3.87% in the placebo group (relative changes
compared to baseline, high dose were: -12.1% ±
23.5%, low dose: -3.2% ± 32.0%, and placebo: 7.6%
± 44.0%) (Table 2 and Figure 2). The per protocol
analysis yielded similar results for the primary end
points in the HL groups.

RESULTS

Secondary end points

Population

Secondary end points are shown in Table 3. There was
a modest but non-significant decrease in serum ALT
level in both HL groups (vs high dose: -12.73 ± 29.30
IU/L, P = 0.097; vs low dose: -13.65 ± 39.56 IU/L, P
= 0.153). Serum AST levels were similar in all three
groups.
Levels of triglycerides decreased significantly in the
placebo group (-86.91 ± 157.20 mg/dL) compared

A total of 104 patients were screened in this study.
Of these, 74 patients with NAFLD diagnosed by
ultrasonographic examination were randomly assigned
to groups receiving high dose HL (n = 24), low dose
HL (n = 26), and placebo (n = 24), respectively.
Finally, a safety analysis set, full analysis set and per
protocol set were analyzed in 73, 68, and 60 patients,
respectively (Figure 1). Most of the enrolled patients
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Assessed for eligibility (n = 104)

Elimination of screening (n = 27)
Declined to participate (n = 3)

Randomised (n = 74)

Allocated to high dose (n = 24)

Allocated to low dose (n = 26)

Allocated to placebo (n = 24)

Withdrawing during the study (n = 1)

Safety set (n = 73)

Placebo (n = 24)

Low dose (n = 26)

High dose (n = 23)

Unable to get MRS (n = 5)

Full analysis set (n = 68)

Low dose (n = 23)

High dose (n = 22)

Placebo (n = 23)

Not meeting inclusion criteria (n = 2)
Concomitant prohibited drugs (n = 2)
Violation of randomization (n = 2)
Violation of visiting day (n = 2)

Per protocol set (n = 60)

High dose (n = 20)

Low dose (n = 20)

Placebo (n = 20)

Figure 1 Flow chart of the study participants.

BMI. A small decrease in HOMA-IR, was observed in
the placebo group whereas no change was seen in
the low HL group (P = 0.019). However, there was
no difference in HOMA-IR between placebo and the
high HL group. Per protocol analysis yielded a similar
pattern for secondary end points (Supplement table 1).

with each HL group (vs high dose: -16.50 ± 52.47
mg/dL, P = 0.041; vs low dose: 29.57 ± 186.19
mg/dL, P = 0.031). And levels of VLDL cholesterol also
decreased significantly in the placebo group (-9.77 ±
17.47 mg/dL) compared with the HL groups (vs high
dose: 0.43 ± 12.05 mg/dL, P = 0.047; vs low dose:
9.52 ± 27.85 mg/dL, P = 0.007). Other lipid profiles
(total cholesterol, HDL cholesterol, LDL cholesterol,
and FFA) were similar in the three groups, as was
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Four patients (17.4%) treated with high dose HL,
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Table 2 Change of hepatic fat content from baseline after 12 wk of treatment
Treatment group
Placebo, %
Low dose, %
High dose, %

Full analysis set

Per protocol set

n

Baseline

12 wk

23
23
22

11.96 ± 7.46
13.33 ± 7.11
16.05 ± 7.05

12.57 ± 8.34
12.12 ± 6.33
14.34 ± 7.19

P value

n

Baseline

12 wk

P value

0.3861
0.0332

20
20
20

12.59 ± 7.70
12.99 ± 6.86
16.12 ± 7.19

13.59 ± 8.47
11.37 ± 6.02
14.77 ± 7.15

0.1641
0.0392

1

Two sample t-test; 2Wilcoxon’s rank sum test. Continuous data are expressed as mean ± SD.

Table 3 Secondary endpoint changes from baseline after 12 wk of treatment (full analysis set)
Variable
AST, IU/L
ALT, IU/L
Total cholesterol, mg/dL
Triglyceride, mg/dL
HDL cholesterol, mg/dL
LDL cholesterol, mg/dL
VLDL cholesterol, mg/dL
Free fatty acid, μEq/L
HOMA IR
BMI, kg/m2

P value

High dose
(n = 22)

Low dose
(n = 23)

Placebo
(n = 23)

High dose vs placebo

Low dose vs placebo

-7.82 ± 20.59
-12.73 ± 29.30
-7.86 ± 27.92
-16.50 ± 52.47
1.32 ± 14.98
9.05 ± 27.78
0.43 ± 12.05
-73.23 ± 283.52
-0.01 ± 1.41
0.01 ± 0.81

-2.74 ± 33.79
-13.65 ± 39.56
2.22 ± 32.89
29.57 ± 186.19
-1.78 ± 8.71
-5.35 ± 23.63
9.52 ± 27.85
15.70 ± 304.68
0.18 ± 0.77
-0.06 ± 0.97

-2.96 ± 21.19
-0.17 ± 19.58
-0.61 ± 22.47
-86.91 ± 157.20
1.83 ± 8.62
5.74 ± 19.98
-9.77 ± 17.47
-73.87 ± 666.93
-1.32 ± 2.44
-0.20 ± 0.80

0.865
0.097
0.532
0.041
0.289
0.088
0.047
0.146
0.174
0.608

0.397
0.153
0.613
0.031
0.567
0.253
0.007
0.921
0.019
0.904

Continuous data are expressed as mean ± SD. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; HDL: High density lipoprotein cholesterol;
LDL: Low density lipoprotein cholesterol; VLDL: Very low density lipoprotein cholesterol; HOMA-IR: Homeostasis model assessment-estimated insulin
resistance.

and excise has been the most effective therapy for
NAFLD, leading to reduction of intrahepatic fat content;
[1,19]
however, maintaining such benefits is difficult
.
Pioglitazone, a PPAR-γ agonist, significantly decreased
HFC, FFA levels and insulin resistance in patients
with NASH, and improved histologic findings such as
[17,20,21]
hepatic steatosis and inflammation
. However
long-term administration of pioglitazone carries risks
of weight gain, postmenopausal bone loss or malig
[20-24]
nancies such as bladder cancer
. Vitamin E is an
antioxidant, and high dose RRR-α-tocopherol (800
IU/d) improves serum AST levels, serum ALT levels
[20]
and histologic findings , but safety concerns have
also been raised about long-term administration of
[1]
vitamin E . Obeticholic acid (OCA, 6α-ethyl-cheno
deoxycholic acid), a farnesoid X receptor agonist,
[25]
is receiving attention for patients with NAFLD . In
phase Ⅱb randomized trial (the FLINT study), OCA
led to histological improvement, including reduced
[26]
hepatic fibrosis in non-cirrhotic patients with NASH .
However, histological improvement was seen in only
45% of those treated with OCA, and pruritus, the main
[26]
side effect, occurred in 23% of the patients .
The reason for progression from simple steatosis to
NASH is not clear. However, the most likely idea is that
triglycerides accumulate in hepatocytes due to increased
peripheral insulin resistance (“first hit” theory), and
then oxidative stress causes fat peroxidation, liver cell
damage and inflammatory cytokine activation ("second
[27]
hit" theory) . This implies that fat accumulation in
hepatocytes is the initial cause of NASH. Given that

Table 4 Treatment-related adverse events during the study n
(%)
System organ class
preferred term
Gastrointestinal disorders
Abdominal pain upper
Nausea
Nervous system disorders
Dizziness

High dose
(n = 23)

Low dose
(n = 26)

Placebo
(n = 24)

0
0

1 (3.85)
0 (0)

0 (0)
1 (4.17)

0

1 (3.85)

0 (0)

10 patients (38.5%) treated with low dose HL and 9
placebo patients (37.5%) experienced at least one
adverse event (Supplementary Table 2). Treatmentrelated adverse events are shown in Table 4. All the
treatment-related adverse events were mild, and no
patient was withdrawn because of a treatment-related
events.

DISCUSSION
In this randomized, double-blind and placebo-controlled
study, we evaluated the efficacy and safety of HL tablet
extracted from MO for hepatic fat reduction in patients
with NAFLD. Treatment with HL tablet for 12 wk lowered
hepatic fat measured by MRS and did not result in any
negative lipid profiles or changes of BMI. The HL tablet
was well-tolerated.
At the present time, no effective and safe pharma
[1]
cologic therapy for patients of NAFLD is available .
Weight loss due to life style modifications such as diet
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A

16.05 ± 7.05
Hepatic fat content (%)

results suggest that HL tablet may improve not only
insulin resistance but also NASH. Longer-term studies
of insulin resistance with use of higher doses of HL
tablet are needed.
We observed no significant difference in most lipid
profiles between the placebo group and the HL groups.
However, surprisingly, levels of triglyceride and of VLDL
cholesterol were significantly lower in the placebo
group than either HL group. Because this study was
a randomized, double-blind and placebo-controlled
study and routine treatment was simultaneously
performed, we recommended life style modifications
to the patients as NAFLD treatment. Also, the enrolled
patients knew that they suffered from NAFLD, and had
the good sense to undertake life style modifications.
Although this is not certain, we presume that these
unexpected results occurred because the placebo
group complied better with the suggested life style
modifications than either HL tablet group.
HL tablet was well-tolerated by the patients.
All treatment-related adverse events were mild.
Because HL tablet does not cause weight gain, unlike
pioglitazone, this will lead to few harmful effects in
patients with metabolic syndrome such as diabetes
[30]
and dyslipidemia .
This study had several limitations. First, it involved
a relatively small number of patients and a short
duration of treatment, because it was a phase Ⅱ
clinical trial. Second, since liver biopsies were not
performed, we do not know how many patients with
NASH were included in the study and cannot discuss
any histologic findings. However, since patients with
NAFLD in this study were excluded those with serum
AST/ALT ratio > 2 and had higher baseline serum ALT
level than serum AST level (AST/ALT ratio < 1), we
think that more patients with simple steatosis than
[31]
with advanced liver fibrosis were included .
In conclusion, HL tablet is effective in reducing HFC
in short-term treatment (12 wk) without causing any
negative lipid profiles, BMI changes and serious adverse
effects. It may be a new and effective drug for treating
NAFLD. Larger trials are warranted to assess the longterm efficacy of HL tablet in patients with NAFLD.

P = 0.018

40

14.34 ± 7.19

30

20

10

0

Baseline

12 wk

B

40

Hepatic fat content (%)

High dose

30

P = 0.254
12.12 ± 6.33

13.33 ± 7.11

20

10

0

Baseline

12 wk

C

40

Hepatic fat content (%)

Low dose

30

P = 0.456
12.57 ± 8.34

11.96 ± 7.46

20

10

0

Baseline

12 wk
Placebo

Figure 2 Changes of hepatic fat content from baseline after 12 wk of
treatment.

fat accumulation in hepatocytes can lead to NASH,
reducing intrahepatic fat by treatment with HL tablet
would be a key to preventing the "first hit" leading to
NAFLD and this would prevent the transition to NASH.
Furthermore, despite treatment for only 12 wk, there
was a significant reduction of mean HFC in the high
HL group, and we anticipate that treatment for 24 wk
would have a greater effect.
In patients with NAFLD, elevation in serum ALT may
[28]
correlate with HFC and insulin resistance . HOMAIR has been extensively used as a marker of insulin
resistance in large population epidemiology studies.
In the present study there was no improvement of
HOMA-IR in the high HL group but serum ALT levels
showed a modest though non-significant decrease
in the HL groups. Though we did not carry out any
liver biopsies in this study and HOMA-IR is not the
[29]
gold standard for measuring insulin resistance , our
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Non-alcoholic fatty liver disease (NAFLD) is one of the most common causes
of chronic liver disease worldwide and the prevalence of NAFLD is growing
gradually with the increase in population age and obesity. But, effective and
safe drugs for NAFLD are not yet available.

Research frontiers

The demand for new drugs for NAFLD is increasing worldwide. Magnolia
officinalis (MO) is a traditional medicinal plant that has been used to treat
liver diseases and other diseases. Some constituents extracted from MO are
reported to have anti-inflammatory and antioxidant effects and MO can be
effective against NAFLD. So, the authors hypothesized that MO would improve
steatosis and inflammation in patients with NAFLD.
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Innovations and breakthroughs

The authors evaluated the efficacy and safety of HL tablet, a new botanical drug
extracted from MO, in the treatment of patients with NAFLD. The high dose (daily
400 mg) HL tablet is effective in reducing hepatic fat content (HFC) in shortterm treatment (12 wk) without causing any negative lipid profiles, body mass
index (BMI) changes and adverse effects.
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Applications

13

Terminology

14

HL tablet is effective in reducing HFC without any negative lipid profiles, BMI
changes and adverse effects. Larger trials are warranted to assess the longterm efficacy of HL tablet in patients with NAFLD.

HL tablet is a new botanical drug extracted from MO. Magnetic resonance
spectroscopy data were collected on 3.0T human scanners.
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Peer-review

This is a study of phase II trial of HL tablet as a therapy for NAFLD. HL tablet
is effective in reducing HFC without any negative lipid profiles, BMI changes
and adverse effects. The results of this study are particularly of interest for the
reader of the journal.
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Abstract
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AIM
To compare the efficacy of fixed-time split dose and split
dose of an oral sodium picosulfate for bowel preparation.
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METHODS
This is study was prospective, randomized controlled
study performed at a single Institution (2013-058).
A total of 204 subjects were assigned to receive one
of two sodium picosulfate regimens (i.e. , fixed-time
split or split) prior to colonoscopy. Main outcome
measurements were bowel preparation quality and
subject tolerability.

Picosulfate regimen for bowel preparation. World J Gastroenterol
2017; 23(32): 5986-5993 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i32/5986.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i32.5986

RESULTS
There was no statistical difference between the fixedtime split dose regimen group and the split dose
regimen group (Ottawa score mean 2.57 ± 1.91
vs 2.80 ± 2.51, P = 0.457). Cecal intubation time
and physician’s satisfaction of inspection were not
significantly different between the two groups (P =
0.428, P = 0.489). On subgroup analysis, for afternoon
procedures, the fixed-time split dose regimen was
equally effective as compared with the split dose
regimen (Ottawa score mean 2.56 ± 1.78 vs 2.59 ±
2.27, P = 0.932). There was no difference in tolerability
or compliance between the two groups. Nausea was
21.2% in the fixed-time split dose group and 14.3% in
the split dose group (P = 0.136). Vomiting was 7.1%
and 2.9% (P = 0.164), abdominal discomfort 7.1%
and 4.8% (P = 0.484), dizziness 1% and 4.8% (P =
0.113), cold sweating 1% and 0% (P = 0.302) and
palpitation 0% and 1% (P = 0.330), respectively. Sleep
disturbance was two (2%) patients in the fixed-time
split dose group and zero (0%) patient in the split dose
preparation (P = 0.143) group.

Currently, colorectal cancer is the third most common
cancer in the world and its incidence is rapidly
[1]
increasing in Asian countries . Colonoscopy is an
indispensable procedure for the diagnosis and treat
[2]
ment of various colon diseases . Colonoscopy also
prevents colorectal cancer by detecting and eliminating
[3-5]
precancerous lesions . For an accurate colonoscopy,
however, it is necessary to perform an appropriate
[6-8]
colon preparation
. Unfortunately, about 20% to
25% of colonoscopies have been reported to occur
[5-7]
following inadequate bowel preparation . In 27%
of patients who had poor bowel preparation, more
than 10 mm of polyps were not observed on the first
colonoscopy. Therefore the importance of bowel pre
[3]
paration was further emphasized .
A variety of bowel preparation agents have
been developed to reduce the large amount of fluid
consumption and bad taste that can occur during
[9,10]
bowel preparation for colonoscopy
. One a mixture
of sodium picosulfate and magnesium citrate, available
®
in Korea (Picolight powder, Pharmbio Korea Co.,
Ltd, Seoul, Korea), is low-volume bowel cleansing
[11]
agent with low toxicity in children and adults .
This formulation is widely used because of its good
compliance with dosage, and excellent bowel cleansing
[12]
effect . According to the latest guidelines, sodium
picosulfate can be taken with only 2 liters of water,
[13,14]
which can increase patient compliance
. The original
cleansing protocol entailed two sachets of sodium
picosulfate, one at 5 pm and one at 10 pm on the day
before colonoscopy. However, a two-day split dose of
one sachet at 7 pm on the day prior to colonoscopy
and a second sachet four hours before colonoscopy, is
also reported as a good regimen for bowel preparation
and is nearly equivalent to the use of a polyethylene
[15,16]
glycol (PEG) solution
. In addition, according to a
recent report, it is most effective to finish the bowel
cleansing three-to-four hours before the scheduled
[12]
time of the procedure .
However as this regimen is based on western diet
and lifestyle, it is not necessarily the right method for
Koreans, who typically eat more high fiber vegetables
than westerners. In the case of Gangneung Asan
Hospital located in Gangwon Province, the accessibility
of patients is deteriorated by the surrounding moun
tainous environment. Therefore, it is difficult for some
patients to adjust their preparation to colonoscopy
time. For the medical staff (doctor, nurse, pharmacist),
it is also inconvenient to explain the proper regimen
for effective bowel preparation. Additionally, in patients

INTRODUCTION

CONCLUSION
A fixed-time split dose regimen with sodium picosulfate
is not inferior to a split dose regimen for bowel prepa
ration and equally effective for afternoon colonoscopy.
Key words: Colonoscopy; Bowel preparation; Split
dose preparation; Sodium picosulfate; Ottawa Bowel
Preparation Scale
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Fixed-time split dose bowel preparation was
not inferior to a split dose regimen in bowel cleansing
using the Ottawa Bowel Preparation Scale. The average
score using the Ottawa Scale was 2.57 ± 1.91 in the
fixed-time split dose group and 2.80 ± 2.51 in the
split dose group (P = 0.457). There was no statistical
difference in mean Ottawa score between the two
groups when the procedure was performed in the
morning or afternoon (2.56 ± 1.78 vs 2.59 ± 2.27, P =
0.932). Therefore fixed-time split dosing with soduim
picosulfate is as effective as split dosing for subjects
scheduled for colonoscopy in the afternoon.
Jun JH, Han KH, Park JK, Seo HL, Kim YD, Lee SJ, Jun BK,
Hwang MS, Park YK, Kim MJ, Cheon GJ. Randomized clinical
trial comparing fixed-time split dosing and split dosing of oral
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who have to undergo abdominal ultrasound and
esophagogastroduodenoscopy at the same time, the
results may not be accurate.
We hypothesized that sufficient water intake and
effective low residue diet, combined with a fixedtime split dose intake of two, or plus one sachets
of sodium picosulfate would result in non- inferior
bowel preparation and patient compliance to the split
dose regimen. We compared the efficacy of bowel
cleansing between the split dose group (last split dose
of sodium picosulfate was assigned four hours prior to
the colonoscopy) and the fixed-time split dose group
(last split dose of picosulfate was assigned at 5:00
am in cases in which the colonoscopy was performed
in the morning (09:30 to 11:30 h) and at 6:00 am in
cases in which the colonoscopy was performed in the
afternoon (13:00 to 15:00 h) using the Ottawa Bowel
[8]
Preparation Scale . Colonoscopies are often scheduled
in the afternoon, and the split dose may not leave a
clean colon by then. Therefore, we further compared
the bowel cleansing effect between the morning and
afternoon examination groups. We also assessed
patient compliance and tolerability to the two bowel
preparation regimens.

written consents prior to study enrollment.

Preparation instructions

Patients were randomized to the fixed-time split dose
and split dose of the sodium picosulate group. Each
group received three sachets of sodium picosulfate
®
(Picolight powder, Pharmbio Korea Co., Ltd, Seoul,
Korea), each containing sodium picosulfate hydrate
10 mg, magnesium oxide 3.5 g, and citric acid 12 g.
On the third day prior to the colonoscopy, the patients
were advised to ingest a low residue diet by doctor
and nurse. In the fixed-time split dose group, patients
who scheduled to undergo colonoscopy in the morning
(9:30-11:30 am) were instructed to dissolve one
sachet of sodium picosulfate in 250 mL of water and
drink it at 7:00 pm on the day before colonoscopy and
at 5:00 am on the day of colonoscopy. Each time, they
were to drink 1.25 L of water successively. The patients
who scheduled in the afternoon (13:00-15:00), were
instructed to take their first dose at 8:00 pm on the
day before colonoscopy and their second dose at 6:00
am on the day of colonoscopy in the same method.
In the split dose group, the patients were instructed
to take the first sachet of sodium picosulfate at 7 pm
on the day before colonoscopy and then four hours
before the colonoscopy on the day of procedure, in
the same method. In both groups, in case of any signs
of incomplete bowel preparation (i.e., stool residue
or unclear fluid was noted after defecation) observed
one hour after the second dose of sodium picosulfate,
they also instructed to take an additional one sachet of
sodium picosulfate dissolved in 250 mL of water and
successive 0.75 L of water.

MATERIALS AND METHODS
Patients

This study was designed as a prospective single center,
single blind, randomized control study of ambulatory
outpatients at the Gangneung Asan Hospital, Republic
of Korea.
From August 2014 to November 2015, a total of
240 consecutive patients, between the ages of 18 and
76 years who were scheduled to undergo colonoscopy
were included. The indications for colonoscopy included
colon cancer screening; a family history of colorectal
cancer or lower GI symptoms such as constipation or
change of bowel habits.
Exclusion criteria included: (1) pregnant women;
(2) acute abdomen; (3) history of dehydration and /or
drug allergy; (4) congestive heart failure; (5) chronic
liver disease or renal insufficiency; (6) history of colon
resection or abdominal surgery within six months; and
(7) participation in other clinical studies within four
weeks prior to randomization. Patients who refused
to provide informed consent were also excluded.
Following agreement to participate, patients were
randomized by computer-generated random numbers
to assign them to one of the two preparation regimens.
All patients were provided written instructions by the
clinical staff. A total of two expert endoscopists who
reviewed the Ottawa Bowel preparation Scale and
who were blinded to the method of bowel preparation
participated in the study. This study was approved
by Institutional Review Board of the Gangneung
Asan Hospital (IRB: 2013-058), and all participating
patients, or their regal guardian provided informed

WJG|www.wjgnet.com

Colonoscopy

Colonoscopies were performed with the patients under
conscious sedation by a consultant gastroenterologist.
All colonoscopies were performed between 9:30 am
and 3:00 pm (morning session between 9:30 and
11:30 am, and afternoon session between 1:00 pm
and 3:00 pm). Intravenous midazolam 2 mg was
used for sedation in patients in whom there was no
contraindication; half of that dose was used in patients
over the age of 60 years.
Additional sedation was used if required and per
missible. Pulse, blood pressure, and oxygen saturation
were measured in all patients before, during, and after
the procedure.

Data collection

Before the colonoscopy, a questionnaire survey was
conducted on the compliance of the subjects and side
effects of the sodium picosulfate. We evaluated the
compliance with dosing time and regimen, and the
degree of discomfort felt by the patients was recorded
separately as sleep disorder, nausea, vomiting,
abdominal pain, abdominal discomfort, dizziness,
cold sweating, and/or palpitation. We also evaluated
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240 patients randomized

26 patients excluded after randomization
16 patients had failure to complete bowel
preparation as advised protocol
3 patients had failure to cecal intubation
7 patients had complete unprepared colon

214 patients included in the study

Group A (fixed time split dose),
n = 104

Group B (split dose)
n = 110

Withdrawal: 5
99 patients enrolled

Withdrawal: 5
105 patients enrolled

Figure 1 Study design: Group randomization.

the amount of consumed water. Colonoscopy was
performed by two endoscopists who did not know
the used regimen. The Ottawa Bowel Preparation
Scale was used to evaluate the degree of bowel
[8]
preparation . This scale assesses cleanliness and
volume state, separately. Cleanliness was assessed
further separately for the right colon (cecum - ascending
colon), mid-colon (transverse - descending colon), and
rectosigmoid colon on a five-point scale (no liquid =
0, minimal liquid, no suctioning required = 1, suction
required to see mucosa = 2, wash and suction = 3,
solid stool, not washable = 4). The degree of residual
fluid in the entire colon was classified from 0 to 2.
A score of 0 indicates excellent bowel preparation,
and a score of 14 indicates that colonoscopy is im
[8,17]
possible
. The cecal intubation time was also
measured and compared. Starting and cecal intubation
time was recorded. After the colonoscopy, the bowel
preparation quality and satisfaction of the procedure
(via a 10-point physician’s satisfaction of inspection)
was rated by two investigators who were blinded to
the type of preparation. The results were recorded on
a standardized form.

RESULTS
In this prospective, randomized, investigator-blinded
study, we enrolled 240 patients between August 2014
and November 2015. Of the 240 patients randomized,
36 were excluded due to the following: failure to
complete bowel preparation as advised (n = 16);
failure to cecal intubation due to abdominal pain or
vomiting, colon cancer (n = 3); withdrawal of consent
(n = 10, fixed-time split dose group; 5, split dose
group; 5); and a completely unprepared colon (n =
7, fixed-time split dose group; 4, split dose group;
3). Ultimately, 99 patients in the fixed-time split dose
group and 105 in the split dose group completed the
study and were analyzed (Figure 1). The characteristics
of the patients in the two groups are shown in Table 1.
There were no statistical difference between the two
groups with respect to gender, height, weight, mean
age, BMI, and/or history of abdominal surgery and DM
(Table 1).

Quality of bowel preparation

Using the Ottawa Bowel Preparation Scale, the mean
Ottawa score was 2.57 ± 1.91 in the fixed-time split
dose preparation and 2.80 ± 2.51 in the split dose
preparation (P = 0.457)(Figure 2).
Cecal intubation time and physician’s satisfaction of
the inspection were not significantly different between
the two groups (P = 0.428, P = 0.489)(Table 2).
On subgroup analysis of fixed-time split dose
preparation, there was no difference of mean Ottawa
score between the morning colonoscopy (9:30 to
11:30 am) and the afternoon (1:00-3:00 pm) colonos
copy groups (2.56 ± 1.78 vs 2.59 ± 2.27, P = 0.932)
(Figure 3).

Statistical analysis

In this study, the level of significance was assumed
to be 5% with regards to the number of effective
subjects. The second type error was 0.2, the power
was maintained at 80%, and the effect size was 10%.
The total number of subjects necessitated at least 91
subjects in each group. A total of 240 subjects (120
subjects per group) were required for a follow-up loss
of about 30%.
2
This study was designed as a one-sided χ test for
non-inferiority. Statistical analysis was performed using
IBM SPSS ver. 23.0 for Windows (IBM, Armonk, NY,
United States). The variables expressed as percentages
(characteristics of the study subject, adverse effects)
2
were used in χ test (Fisher’s exact test). The means of
the two groups (Ottawa Bowel Preparation Scale value,
satisfaction, insertion time, and degree of disgust) was
used in Student’s t-test.
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Tolerability of the preparation and sleep disturbance

Nausea was complained of in 21.2% of the patients
with the fixed-time split dose preparation and in 14.3%
with split dose preparation (P = 0.136). Vomiting was
reported by 7.1% and 2.9% (P = 0.164), abdominal
discomfort by 7.1% and 4.8% (P = 0.484), dizziness
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P = 0.457

Ottawa score

4

3

Table 1 Patients characteristics
2.80

2.57

P value
Group B (split
Group A ( fixed time
split dose preparation) dose preparation)
n = 105
n = 99
Male: Female
Mean age, r
Age ≥ 65
Weight (kg)
BMI (kg/m2)
BMI ≥ 30
History of
abdominal surgery
History of
Diabetus mellitus

2

1

0

Group A

Group B
Group

Figure 2 Comparison of Ottawa Score between the fixed-time split dose
(group A) and split dose (group B) preparation.

Ottawa score

3

2

1

0

Morning

Afternoon
Group

Figure 3 Comparison of Ottawa Score between the morning and
afternoon preparation of fixed-time split dose regimen.

by 1% and 4.8% (P = 0.113), cold sweating by 1%
and 0% (P = 0.302) and palpitation by 0% and 1% (P
= 0.330), respectively. Sleep was disturbed in two (2%)
patients in the fixed-time split dose preparation and
zero (0%) patients in the split dose preparation (P =
0.143) groups (Table 2).

DISCUSSION
Colonoscopy is the most effective tool for diagnosing
colon diseases, including inflammation bowel disease
and colorectal cancers. Good quality of bowel pre
paration can lead to good colonoscopy results, while
incomplete bowel preparations decreases cecal
[18]
intubation and adenoma detection rates . It also
[5]
increases patient’s discomfort and procedure costs .
Sodium picosulfate is safe and effective for bowel
preparation with good tolerability and fewer side
[15,19-21]
effects than the standard 4L PEG solution
. It is
known from a meta-analysis of 29 studies that the
use of a split dose on the day before and on the day
of the procedure can induce more effective bowel
preparations than a dosing regimen on the day before
[7]
the procedure . Recently, the use of a split dose
regimen of sodium picosulfate was reported more
superior than a previous-day regimen and the Ottawa
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Bowel Preparation Scale score was the lowest at three[12]
to-four hours after the last cleansing .
Although sodium picosulfate is a low-volume
agent for bowel preparation that has been available
in Korea since December 2011, we often experienced
indications that this agent showed limited bowel
preparation capacity. It is often inconvenient for
medical staff members to explain the effective bowel
preparation time to the patients because each patient
has a different examination time. In addition, in
patients with poor compliance, such as elderly patients
or those who live far away from the hospital due to
their local characteristics, it is often difficult to maintain
the effective bowel cleansing time and thus the bowel
cleansing often becomes inadequate. Therefore, we
hypothesized that if the patient has adequate dietary
control and water intake before colonoscopy, it is
possible to obtain effective bowel preparations by
instructing them regarding a fixed dosing time varied
according to a morning or afternoon test time.
First, we compared the Ottawa Bowel Preparation
Scale score in the fixed-time split dose group and
the split dose group to confirm the appropriate bowel
preparations. There was no significant difference
between the two groups (Table 2 and Figure 2).
Additionally Ottawa scores according to each segment
were no significantly different between the experimental
group and the control group (Table 2).
Sixty-seven patients (68% of fixed-time split dose
group) and 70 patients (67% of split dose group)
completed bowel preparation with two sachets of
sodium picosulfate (Table 3). We think these results
are due to the Korean life style and high fiber diet,
which include foods such as “Kimchi” and seaweed,
and two sachets of sodium picosulfate are insufficient
for bowel preparation. Therefore we recommend three
sachets of sodium picosulfate and adequate modification
of water intake.
The prospected randomized clinical trials to compare
the preference and efficacy of sodium picosulfate in
Korea proved that three sachets of sodium picosulfate
regimen were as effective as conventional high volume

2.59

2.56

57:48
54.3 ± 9.4
16 (15.2)
65.4 ± 11.3
24.2 ± 2.88
4 (3.8)
7 (6.7)

NS: Nonspecific.

P = 0.932

4

61:38
54.6 ± 11.5
20 (20.2)
64.7 ± 11.7
23.8 ± 3.05
4 (4)
7 (7.1)
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Table 2 Results of bowel cleansing and adverse effects

Mean total Ottawa preparation score1
Age ≥ 65
Right colon, mean (0-4)
Mid colon, mean (0-4)
Rectosigmoid colon, mean (0-4)
Residual fluid, mean (0-2)
Adverse GI symptoms, n (%)
Nausea
Vomiting
Sleep disturbance
Abdominal discomfort
Dizziness
Cold sweating
Palpitation
Mean cecal intubation time, min ± SD
Physician's satisfaction of inspection

Group A (fixed time split dose preparation)
n = 99

Group B (split dose preparation)
n = 105

P value

2.57 ± 1.91
3.40 ± 2.03
0.92 ± 0.71
0.76 ± 0.74
0.73 ± 0.68
0.17 ± 0.43

2.80 ± 2.51
3.38 ± 2.98
0.96 ± 0.82
0.76 ± 0.83
0.74 ± 0.85
0.33 ± 0.56

0.457
0.976
0.692
0.969
0.886
0.023

21 (21.2)
7 (7.1)
2 (2)
7 (7.1)
1 (1)
1 (1)
0 (0)
5.02 ± 3.42
8.17 ± 1.21

14 (13.3)
3 (2.9)
0 (0)
5 (4.8)
5 (4.8)
0 (0)
1 (1)
4.70 ± 2.27
8.04 ± 1.51

0.136
0.164
0.143
0.484
0.113
0.302
0.330
0.428
0.489

1

With the Ottawa bowel preparation scale, lower scores indicate better preparation.

We believe that there are several reasons for
these result. In this study, we suggests that if the
patients has an accurate understanding of bowel
cleansing time and method, that this may be more
important than other additional factors. Considering
the Korean life style and diet pattern, we emphasized
that patients should take relatively more water (3 L
to 4 L) than typical, and should consume low residue
diet starting three days before colonoscopy. The
second consideration is that the previous study was
mainly focused PEG solution rather than sodium
picosulfate, so the bowel cleansing result of sodium
picosulfate observed in this study may be different
[17]
from that in the previous study . In addition, previous
studies conducted with sodium picosulfate were
mainly performed involving westerners, and these
individuals may consume diets different from that of
an Asian’s diet, therefore further studies on Asians are
[12,28]
needed
.
Our study has several limitations. First, because
all enrolled patients were Koreans who eat a more
high-fiber diet than most westerners do, our protocol
consisted of recommending a relatively large amount
of fluid (3 L to 4 L) intake and suggesting low residue
diet three days before colonoscopy. Therefore this
study’s results may differ from western data due to the
inclusion of different dietary patterns and other ethnic
groups.
Second, although there was no difference in bowel
preparation between the morning colonoscopy and the
afternoon colonoscopy groups (Figure 3), the number
of patients enrolled in the afternoon group was smaller
(74 vs 25). To obtain more accurate results, analysis of
a larger number of patients is needed.
Lastly, the lower success rate for bowel preparation
with two sachets of sodium picosulfate and 3L of water
intake (68% of the fixed-time split dose group), led
us to recommend three sachets of sodium picosulfate

Table 3 Comparison of Ottawa Score between the fixed time
split dose (group A) and split dose (group B) preparation
Group A (fixed time Group B (split dose
P
split dose preparation)
preparation)
value
n = 99
n = 105
Sodium picosulfate
2 sachets
3 sachets
2 or 3 sachets

2.43 ± 1.90 (n = 67)
2.84 ± 1.95 (n = 32)
2.57 ± 1.91 (n = 99)

3.00 ± 2.68 (n = 70) 0.158
2.40 ± 2.10 (n = 35) 0.375
2.80 ± 2.51 (n = 105) 0.457

PEG solution. And sodium picosulfate groups reported
[22-24]
superior palatability and tolerability
.
But patients with renal insufficiency, uncontrolled
cardiovascular problems, liver disease, metabolic
disease and admitted patients were excluded from this
study. Therefore, these results are inapplicable to highrisk or admitted patients and additional studies are
warranted.
Second, we compared the bowel cleansing effects
of the sodium picosulfate between the morning
colonoscopy and afternoon colonoscopy groups. There
was no significant difference between the two groups
(Figure 3). According to this results, fixed-time dosing
regimen may be convenient for patients for bowel
preparation who are undergoing other procedures,
such as abdominal ultrasound and esophagogastro
duodenoscopy on the same day. However, this result is
in conflict with a previous study that shows the lowest
Ottawa Bowel Preparation Scale score when endoscopy
was performed three-to-four hours after the completion
[12,17,25-27]
of bowel preparation
. The European Society
of Gastrointestinal Endoscopy also recommends that
the last preparation to colonoscopy interval should be
minimized and should be no longer than four hours.
In cases of the afternoon colonoscopy group, the gap
between last dosing and colonoscopy time was six to
nine hours.
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and adequate water intake (Table 3). Because dietary
factors and amount of water intake can greatly affect
the success of bowel preparation, to find the optimal
conditions for effective bowel preparation, further
studies on these factors are needed.
In conclusion, the fixed-time split dose bowel
preparation is equally effective as compared with the
conventional split dose bowel preparation. This method
is also convenient for medical staffs (i.e., doctors,
nurses and pharmacists) as a means to simplify ex
plaining the bowel cleansing protocol to patients, and
may possibly increase the compliance of patients in
bowel preparation.

This article presents an important issue. This is the first study to compare the
bowel cleansing effect when the last split dosing time was fixed. Methods and
study population are adequate, and conclusions are reasonable and of possible
practical use. Overall this study is timely and interesting to the readership.
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Abstract
AIM
To performed a systematic review and meta-analysis
to determine any possible differences in terms of
effectiveness, safety and tolerability between existing
colon-cleansing products in patients with inflammatory
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METHODS
Systematic searches were performed (January
1980-September 2016) using MEDLINE, EMBASE,
Scopus, CENTRAL and ISI Web of knowledge for
randomized trials assessing preparations with or without
adjuvants, given in split and non-split dosing, and in
high (> 3 L) or low-volume (2 L or less) regimens.
Bowel cleansing quality was the primary outcome.
Secondary outcomes included patient willingness-torepeat the procedure and side effects/complications.

INTRODUCTION
Adequacy of the bowel preparation is one of the most
[1]
important predictors of colonoscopic quality . Recent
guidelines in bowel preparations strongly endorse the
use of split-dose regimens, irrespective of the type of
product, as this regimen results in greater proportions
[2]
of patients with adequate preparation . However,
many specific clinical situations need to be explored
as some patients requiring specific considerations
are often excluded in clinical trials because of safety
concerns.
Inflammatory bowel disease (IBD), consisting of
ulcerative colitis (UC) and Crohn’s disease (CD), is an
increasingly prevalent intestinal disorder with significant
[3]
co-morbidities . Colonoscopy is used frequently in this
patient population for both diagnosis and surveillance
as patients with UC and extensive colonic CD, are at a
higher risk of developing colonic malignancy after 8-10
[4]
years of disease .
Safety is also a major concern in this population as
bowel-preparation-induced mucosal inflammation has
[5]
been reported . This risk seems higher with sodium
phosphate (Nap) and picosulfate (PICO) than with
[6]
polyethylene glycol (PEG) . Erosions, aphthoid lesions
(ulcer < 5 mm), and ulcers (> 5 mm) as result of the
[7]
preparation are often multiple . Some UC patients
[8]
have also reported flare symptoms after colonoscopy .
Furthermore, IBD patients with inadequate levels of
bowel cleansing may need examinations rescheduled
which may increase anxiety and interfere with follow[9]
up that is critical in their clinical management . Some
publications have found that IBD patients reported
low satisfaction from the bowel preparation compared
to other patients, while personal and anecdotal ex
periences suggests increased difficulty with bowel
[10]
preparation in some patients with IBD .
Unfortunately, only few data exist on colonoscopy
[11-13]
preparations in IBD patients
; the recommendations
of how to prepare these patients prior to colonoscopy
[4,14-17]
are thus based mostly on expert opinions
. The
aim of this systematic review was to summarize
available evidence in order to determine any existing
differences in effectiveness, willingness-to-repeat, and
safety between contemporary colon-cleansing products
in the IBD population.

RESULTS
Out of 439 citations, 4 trials fulfilled our inclusion
criteria (n = 449 patients). One trial assessed the
impact of adding simethicone to polyethylene glycol
(PEG) 4 L with no effect on bowel cleansing quality,
but a better tolerance. Another trial compared senna
to castor oil, again without any differences in term
of bowel cleansing. Two trials compared the efficacy
of PEG high-volume vs PEG low-volume associated
to an adjuvant in split-dose regimens: PEG low-dose
efficacy was not different to PEG high-dose; OR = 0.84
(0.37-1.92). A higher proportion of patients were willing
to repeat low-volume preparations vs high-volume; OR
= 5.11 (1.31-20.0).
CONCLUSION
In inflammatory bowel disease population, PEG lowvolume regimen seems not inferior to PEG high-volume
to clean the colon, and yields improved willingness-torepeat. Further additional research is urgently required
to compare contemporary products in this population.
Key words: Inflammatory bowel disease; Polyethylene
glycol; Colonoscopy; Meta-analysis
© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is the first meta-analysis addressing
the issue of bowel preparations in Inflammatory
bowel disease (IBD) patients aiming to determine
any differences in terms of effectiveness, safety and
tolerability between existing colon-cleansing products.
This work is especially timely considering that colono
scopy is used frequently in IBD patients for both
diagnosis and surveillance, and that recommendation
on how to prepare these patients prior to colonoscopy
are based mostly on expert opinion. The results suggest
that low-volume polyethylene glycol (PEG) preparation
with adjuvants in split-dosing may represent a valid
alternative to standard high-volume PEG with at least a
similar efficacy and better acceptability.

MATERIALS AND METHODS
Search strategy

Systematic searches were performed (January
1980-September 2016) using MEDLINE, EMBASE,
Scopus, CENTRAL and ISI Web of knowledge. Citation
selection utilized a highly sensitive search strategy

Restellini S, Kherad O, Bessissow T, Ménard C, Martel M,
Taheri Tanjani M, Lakatos PL, Barkun AN. Systematic review
and meta-analysis of colon cleansing preparations in patients
with inflammatory bowel disease. World J Gastroenterol 2017;
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identifying randomized trials
with MeSH headings
relating to (1) colonoscopy; (2) gastrointestinal agents;
(3) bowel preparation; (4) generic and brand names;
and (5) IBD (Annex 1). Recursive searches, crossreferencing and subsequent hand-searches were
completed.

per protocol when both were presented. We included
non-compliant patients or withdrawals in the ITT
[22]
analysis to minimize bias . Publication bias was
evaluated by assessing the funnel plots, if more than 3
studies were to be included in the meta-analysis.
All percentages of outcomes reported in the trials
were converted to absolute numbers and no attempt
at determining extractable values from graphics or
figures was undertaken to avoid possible subjectivity.
All statistical analyses were completed using
Meta package in R version 2.13.0, (R Foundation for
Statistical Computing, Vienna, Austria, 2008) and
Review Manager Version 5.3. Copenhagen: The Nordic
Cochrane Centre, the Cochrane Collaboration, 2014.
We adopted the terminology of no difference
purposefully rather than using possibly misleading
or statistically incorrect terminologies such as noninferiority or equivalence.

Trial selection and patient population

All fully published randomized trials in French or
English with at least one arm administering a product
as defined as PEG, NAP, PICO, or OSS (oral sulfate
sodium) in a study population made up exclusively
of IBD patients were included. Trials comprising
pediatric and in-patients were also included. Authors
of unpublished abstracts were contacted in order to
access the full paper.

Choice of outcomes

The primary outcome measure was bowel cleanliness
defined as the proportion of patients with an adequate
preparation. Secondary outcomes were patient
willingness-to-repeat the preparation, as a proxy
for patient tolerance and satisfaction, as well as
polyp or adenoma detection rates and side effects
or complications (flare of disease, increase in SCALL
score, ulceration).

RESULTS
Included studies

Out of 43 citations, 4 trials fulfilled our inclusion
[12,13,23,24]
criteria (n = 449 patients)
(Figure 1 and Table
1). Twenty-five citations were excluded as they were
not randomized controlled trials; 352 did not assess
colonoscopy or bowel preparations, 24 had incorrect
comparators, 21 an incorrect patient population, 2
were published in another language than French or
English and 11 for other reasons such as one was
not fully published and the abstract’s authors did not
[25]
respond to our query .

Validity assessment

Two investigators assessed citation eligibility with
discrepancies resolved by an independent reviewer.
Quality of trials were graded using the Cochrane risk
[19]
bias tool and Jadad score
(with, one extra point for
reported a priori sample size calculations).

Inter-rater, heterogeneity, publication bias and study
quality

Sources of possible heterogeneity - both clinical and
statistical

Moderate to strong heterogeneity was noted for the
main outcome analyses. Publication bias was observed
across the main outcome analyses.
The Jadad modified quality scores ranged from 0
to 6 points (mean of 4.3 ± 1.0). The Cochrane risk
bias tool revealed a low potential for selection bias
across studies for detection, attrition, reporting and
other bias. Selection bias was unclear for several trials
as the random sequence generation and allocation
concealment was not described. Performance bias was
high as the majority of the trials were single blinded
(the endoscopist) (Figure 2).

Possible sources of clinical heterogeneity were noted
across trials in keeping with pre-planned sensitivity
or subgroup analyses. Identification and handling of
statistical heterogeneity is described below.

Statistical methods and sensitivity analyses

For each outcome and in every comparison, effect size
was calculated as odds ratios for categorical variables
and weighted mean differences (WMDs) for continuous
variables. The Mantel-Haenszel method for fixed effect
models determined corresponding overall effect sizes
with confidence intervals, except when statistical
heterogeneity was noted in which case a randomeffects model was used according to the DerSimonian
[20]
and Laird method . WMDs were manipulated using
the inverse variance approach. Statistical heterogeneity
2
across studies was defined using a χ test of homo
2
geneity with 0.10 significance level. The Higgins I
statistic was calculated to quantify the proportion of
variation in treatment effects attributable to between[21]
study heterogeneity .
Values for intention-to-treat (ITT) were preferred to
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Primary outcome: bowel cleanliness

All four trials (n = 449) assessed the bowel cleanliness
[12]
specifically in an IBD population (Table 2). One trial
assessed the impact of the addition of Simethicone
to PEG 4 L with no effect on bowel cleansing quality.
However, the addition of simethicone showed a
significant reduction in the formation of bubbles. Gould
[23]
et al
1982 compared the efficacy of the equivalent
of 75 mg of senna to castor oil with no difference
demonstrated between the two preparations.
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Table 1 Recapitulative table with all included studies
Ref.
Gould et al[23] 1982
(United Kingdom)
outpatient elective
Score: 3
Lazzaroni et al[12] 1993 (Italy)
outpatient elective
Score: 4
Manes et al[13] 2015 (Italy)
outpatient elective
Score: 5

Kim et al[24] 2017 (Korea)
outpatient elective
Score: 5

Arm1

Arm 2

Time to FD and LD to endoscopy

Time to FD and LD to endoscopy

Castor oil 30 min (n = 23)

Senna 75 mg (n = 23)

LD: 24 h before

LD: 24 h before

Overall IBD type

Time of endoscopy

RCH = 46

-

CD = 0
Active disease = 7
PEG 4 L + placebo (n = 56)
PEG 4 L + simethicone 120 mg (n = 59)
RCH = 61
FD: 2 L afternoon before
FD: 2L afternoon before
CD = 44
LD: 2 L 6 am day of
LD: 2L 6 am day of
Active disease = 0
PEG 4 L (n = 108)
PEG 2 L + bisacodyl 10 mg (n = 108)
RCH = 216
Between 8 am and
Whole dose (n = 48)
Whole dose (n = 35)
CD = 0
2 pm
FD: 4 pm day before
FD: 4 pm day before
Active disease = 116
Split dose (n = 60)
Split dose (n = 73)
FD: 2 L day before
FD: 2 L day before
LD: 2 L between 5 am and 7 am day of LD: 2 L between 5 am and 7 am day of
PEG 4 L (n = 55)
PEG 2 L + ascorbate (n = 57)
RCH = 112
Between 9 am and
FD: 2 L 8 pm day before; LD: 2 L
FD: 2 L 8 pm day before, LD: 2 L
CD = 0
5 pm
morning day of
morning day of
If colonoscopy scheduled in the
If colonoscopy scheduled in the
Active disease = 0
afternoon, 4 L between 6 am and 8 am afternoon, 4 L between 6 am and 8 am

FD: First dose; LD: Last dose; IBD: Inflammatory bowel disease; PEG: Polyethylene glycol; CD: Crohn’s disease.

Records indentified through
datebase searching (n = 439)

Additional records indentified
through other sources (n = 0)

Records screened (n = 439)

Studies included in review (n = 4)

Excluded:
(n = 343)
Not colon preparation studies
(n = 24)
Incorrect comparators
(n = 21)
Incorrect population
(n = 9)
Not colonoscopy
(n = 2)
Language other
than French or English
(n = 25)
Not RCT
(n = 11)
Other

Figure 1 STROBE diagram.

Secondary outcomes: willingness-to-repeat

Two studies compared the efficacy of PEG highvolume (4 L) vs PEG low-volume (2 L) with an
[13]
adjuvant, both mainly in split regimens. Manes et al
2015 assessed the efficacy of a low-dose iso-osmotic
preparation based on low-dose PEG (2 L) associated
to bisacodyl vs a PEG high-volume (4 L) preparation
alone. The quality of colon cleansing was similar in
the two groups (83% vs 75%, P = 0.37). Of note,
simethicone was added to PEG low-volume with
[24]
bisacodyl. Kim et al
2017 compared 4 L PEG with 2
L PEG plus ascorbic acid in terms of efficacy in patients
with inactive UC. Successful cleansing was equally
achieved in most patients from both groups with no
significant differences noted (96.2% vs 92.9%, P =
[24]
0.67) . In an analysis restricted to a comparison
between PEG high-volume to PEG low-volume with
adjuvant in split dose regimens, there was no clinically
relevant difference in bowel preparation irrespective
of the type of adjuvant used [OR = 0.84 (0.37-1.92)]
(Figure 3).
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Three studies reported the willingness-to-repeat the
same preparation as a proxy of acceptance with only
[13,24]
two studies with analyzable data (n = 320)
. The
drug combination of PEG with simethicone induced a
significantly better acceptance among patients when
[12]
compared with the use of PEG plus placebo . Manes
[13]
et al
2015 reported that willingness to repeat the
same preparation in case of a new endoscopy was
higher in PEG low-volume plus bisacodyl vs PEG highvolume alone (94.3% vs 61.9%, P < 0.001). In the
[24]
study of Kim et al . 2017, participants in the PEG
low-volume with ascorbate group reported that they
were more willing to repeat bowel preparation with the
same agent for the future colonoscopy than those in
the PEG high-volume (4 L) group (82.1% vs 64.2%,
[24]
respectively, P = 0.034) .
In a pooled analysis restricted to comparison
between PEG high-volume vs PEG low-volume, a
significant higher proportion of patients were willing to
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Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome date (attrition bias)
Selective reporting (reporting bias)
Other bias
0%
Low risk of bias

Unclear risk of bias

25%

50%

75%

100%

High risk of bias

Figure 2 Cochrane risk bias tool.

Table 2 Primary outcome: bowel cleanliness
Numbers of studies

ITT patients

OR (95%CI)

Heterogeneity P value

I2

2

325

1.19 (0.52-2.71)

0.27

19%

2

320

5.11 (1.31-20.00)

0.03

78%

2
2
2
1
2

320
320
320
109
320

0.91 (0.32-2.53)
1.09 (0.69-1.70)
0.84 (0.54-1.33)
1.17 (0.46-3.00)
2.89 (0.30-28.24)

0.54
0.38
0.61
1.00

0%
0%
0%
0%

1
1
1
1
1
1
1
1

109
109
109
109
109
109
109
109

0.62 (0.10-3.85)
1.14 (0.47-2.75)
1.44 (0.23-9.00)
0.30 (0.03-3.01)
0.72 (0.26-1.98)
0.39 (0.16-0.94)
0.55 (0.17-1.81)
1.72 (0.70-4.23)

-

-

Primary outcome
Bowel cleanliness
Secondary outcome
Willingness to repeat
Procedure related outcome
Rates of cecal intubation
Mayo endoscopic score = 0
Mayo endoscopic score = 1
Mayo endoscopic score = 2
Mayo endoscopic score = 3
Side effects or complications
Flare of disease
Increase SCAⅡ score
Dizziness
Abdominal pain/cramps
Bloating
Nausea
Vomiting
Insomnia
ITT: Intention-to-treat.

repeat low-volume preparations with adjuvants vs highvolume; OR 5.11 (1.31-20.0).

2015 noted that PEG low-volume (2 L) with bisacodyl
was better tolerated than PEG high-volume (4 L) as
evidenced by a significantly higher number of patients
who described no or mild discomfort (83% vs 44.8%,
P < 0.001). No severe adverse events were reported in
[24]
the 2 groups. In the study by Kim et al . 2017, overall
adverse events during preparation were observed more
frequently in the PEG high-volume group than in the
PEG low-dose plus ascorbate, although the difference
was not statistically significant (50.9% vs 36.4%,
respectively, P = 0.127). However, patients in the PEG
high-volume group reported significantly more nausea
than those in the PEG low-volume plus ascorbate
(35.8% vs 17.9%, respectively, P = 0.034). Finally, no
study reported the polyp or adenoma detection rates or
dysplasia findings.

Secondary outcomes: side effects and polyp and
adenoma detection rates

Side effects were reported in all studies but with
different patterns and classifications, precluding metaanalysis. Globally, severe side effects such as flare
of disease in IBD patients undergoing colonoscopy
were very uncommon without significant differences
between different preparations as reported in the 4
[23]
studies. Gould et al 1982 failed to incriminate castor
oil as a more likely cause of exacerbation of colitis than
an equally effective dose of senna. On the contrary,
bowel disturbances were more common following
senna than castor oil (48% vs 26%). Of note, authors
used high doses of senna (equivalent of 75 mg).
[12]
Lazzaroni et al
1993 reported significantly better
results for patients treated with the drug combination
of PEG plus simethicone regarding reduction of ge
neral malaise (19% vs 44%, P = 0.01) and sleep
[13]
disturbances (19% vs 44%, P = 0.01). Manes et al
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DISCUSSION
The aim of this systematic review was to summarize
existing evidence on bowel cleansing, specifically in IBD
patients. Surprisingly, only four randomized controlled
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PEG 2 L
Study or subgroup
Kim et al

Events

[24]

Manes et al

PEG 4 L

Total

Events

Total

Weight

OR

OR

M-H, Random, 95%CI

M-H, Random, 95%CI

, 2017

52

56

51

53

19.7%

0.51 [0.09, 2.91]

[13]

88

108

81

108

80.3%

1.47 [0.76, 2.82]

161

100.0%

1.19 [0.52, 2.71]

, 2015

Total (95%CI)

164

Total events

140
2

2

132
2

Heterogeneity. Tau = 0.11; χ = 1.24; df = 1 (P = 0.27); I = 19%
Test for overall effect Z = 0.42 (P = 0.68)

0.01

0.1
1
10
Favours PEG 2 L Favours PEG 4 L

100

Figure 3 Forest plot quality of preparation comparing polyethylene glycol high-dose vs polyethylene glycol low-dose with adjuvant.
[17]

studies specifically addressed bowel cleansing in this
important patient population, precluding any firm
conclusions. The main results suggest that PEGbased preparations appear safe in IBD patients, with
equivalent efficacy when comparing PEG low-volume
vs PEG high-volume in split and non-split regimens,
yielding improved tolerance for the former. Adjuvant
therapies (osmotic and stimulant laxatives) were
systematically associated to low-volume preparation
without safety concerns. Severe side effects such as
flare of the disease or preparation-induced ulcerations
[23,24]
occurred in less than < 6%
.
The majority of included studies utilized PEG-based
preparations, reflecting current practice guidelines
that support the use of this safe solution for bowel
[4,14,16,17]
cleansing in patients with IBD
. Indeed, PEG
preparations that are non-absorbable iso-osmotic
solutions, minimizing the water and electrolytes
imbalance, have long been proven to be well tolerated
even in frail populations such as the elderly or patients
[26,27]
with chronic kidney disease
. Interestingly, none
of the existing society recommendations provide any
guidance about the use of low-volume preparations
[14,16,17]
in an IBD population
. In a general population
undergoing colonoscopy, low-volume PEG preparations
have been introduced to improve tolerability and
[2]
acceptability before colonoscopy . The pooled
analysis in this current study meta-analysis in IBD
patients that includes the two most recently published
studies on the topic suggests that PEG low-volume
preparations are equivalent to PEG high-volume when
associated to an adjuvant [OR = 0.84 (0.37-1.92)],
while yielding improved tolerance as patient were
more willing to repeat the low-volume preparation OR
5.11 (1.31-20.0). Of note, the majority of patients in
these two studies took the preparations in a split-dose
regimen with a better efficacy on bowel cleansing.
Professional guidelines addressing the IBD population
recommend the use of split-dose preparations based on
[2,17]
the overwhelming evidence in non IBD populations
.
However, caution is advised in patients with partial
bowel obstruction, gastroparesis, or known delayed
intestinal motility, because of an increased risk for
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gastric retention and aspiration .
Furthermore, PEG low-volume preparations were
systematically associated with an adjuvant. They
were based on the combination of 2-L PEG with a
stimulant laxative (bisacodyl), or an osmotically active
agent (ascorbic acid). The impact of adjuvants on
bowel preparations remains debated, with differing
US and European society recommendations, but a
recent meta-analysis suggests that adjuvants may
improve tolerance when used with low-volume PEG
[28]
preparations . PEG low-dose associated to either
bisacodyl or ascorbate may thus represent a potentially
ideal low-volume cleansing product for patients
[16]
with IBD . Furthermore, simethicone remains an
interesting adjuvant, decreasing luminal bubbles as
[12]
reported by Lazzaroni et al
1993 in IBD patients
[12,29]
mirroring same results in overall population
.
[14,16]
Society guidelines are disparate on this topic
but a recent meta-analysis suggest the addition of
simethicone may further improve bowel preparation
[28]
quality .
There is always a trade-off between cleansing
efficacy and tolerance, especially when comparing high[30]
to low-dose preparations . In general population,
PEG high-volume leads to cleaner preparations com
pared to PEG low-volume with an adjuvant when
restricting the analysis to split-dosing, but with a lower
[28]
tolerance . Compliance may be limited by the inability
of patients to ingest such a large volume of solution.
Tolerability and compliance with bowel preparations are
however both crucial particularly in patients with IBD.
Indeed, IBD patients require repeated colonoscopies
throughout their lifetime, so that a bad experience with
the preparation may affect the acceptability and uptake
of future colonoscopy, particularly in IBD surveillance
[17]
protocols . Conversely, mucosal findings in IBD such
as dysplastic and non-polypoid flat lesions may be very
subtle and can be detected only in a perfectly prepared
[4]
[31]
colon , with the assistance of chromoendoscopy .
Further studies comparing high-volume vs lowvolume preparations in split-dosing, including more
contemporary one such as PICO are urgently needed.
Meanwhile, clinicians should probably engage the
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discussion with the patient in a shared decision process
in order to choose between an effective high-volume
preparation or a more acceptable low-volume on a
case-by-case basis.
Safety is also an important issue to be considered
when prescribing a preparation for colonoscopy in
IBD. Indeed, some procedures are performed in
patients suffering from severe symptoms such as
diarrhea and abdominal pain with possible preexisting
electrolytic imbalances. Patients with IBD may develop
complications either from the colonoscopy or from
[13]
the cleansing procedure . These patients experience
significantly more embarrassment and burden
during the preparation when compared with patients
[9]
undergoing colonoscopy for other indications .
Furthermore, clinicians periodically express concern
that bowel preparation may precipitate a relapse of
[17]
colitis, based on personal experience . Additionally
the preparation may cause ulcerations that can mimic
IBD-related mucosal lesions, interfering with correct
[17]
disease diagnosis and staging . Bowel preparations
may indeed induce colonic mucosal damage through
[32,33]
crypt cell apoptosis and increased oxidative stress
.
Reassuringly, side effects reported in this systematic
review were not more frequent than in the general
[23,24]
population, and were severe in < 6%
. Relapse of
colitis of flare of the disease requiring corticosteroid
therapy occurred after colonoscopy in 2% to 4% and is
[24]
often self-limited . This inconvenient side effect was
mostly reported with Nap that has been removed from
market anyway due to rare but significant renal toxicity,
[34]
particularly in patients with kidney failure . Nap was
indeed significantly associated with colonic mucosal
inflammation suggesting it may have a transient role in
[32,33]
provoking relapse in patients with ulcerative colitis
[17]
and causing IBD-like mucosal damage .

a safe manner in patients with UC. Side effects were
not more frequent than in the general population.
In patients without contraindications, low-volume
PEG preparation with adjuvants in split-dosing may
represent a valid alternative to standard high-volume
PEG with at least a similar efficacy and a better
acceptability. Further research is required comparing
low-dose contemporary products in this specific
patient population, particularly patients with CD, so
that the most adequate preparation can be chosen
and authoritative recommendations can be confidently
issued, based on best evidence.

COMMENTS
COMMENTS
Background

Adequacy of the bowel preparation is one of the most important predictors of
colonoscopic quality. Colonoscopy is performed frequently in an inflammatory
bowel disease (IBD) patient population for both diagnosis and surveillance
as these patients are at higher risk of developing a colonic malignancy.
Recommendations on how to prepare these patients prior to colonoscopy are
based mostly on expert opinion.

Research frontiers

Recent guidelines endorse the use of split-dose regimens preparations before
colonoscopy, but only few data are available in IBD patients who are often
excluded from trials for safety concerns.

Innovations and breakthroughs

This is the first meta-analysis addressing the issue of bowel preparations in IBD
patients aiming to determine any differences in terms of effectiveness, safety
and tolerability between existing colon-cleansing products.

Applications

The results of this meta-analysis suggest that low-volume polyethylene
glycol (PEG) preparation with adjuvants in split-dosing may represent a valid
alternative to standard high-volume PEG with at least similar efficacy and better
acceptability. However, the limited number of published randomized controlled
studies precludes firm conclusions and further research is required comparing
low-dose contemporary products in an IBD population, so that the most
adequate preparation can be chosen and authoritative recommendations can
be confidently issued, based on best evidence.

Limitations

The limited number of published randomized controlled
studies represents a critical issue precluding firm
conclusions from this meta-analysis. The lack of re
search in bowel preparation in inflammatory colonic
conditions is surprising, as colonoscopy plays a key
role in the management of IBD patients. Furthermore,
it should be noted that the majority patients included
in these studies had quiescent or relatively inactive
colitis and that colonoscopies were usually undertaken
electively in the context of cancer screening. Fur
thermore, patients with CD were almost absent in
these studies, including fistulizing or stenotic diseases,
limiting the generalizability of results to this subgroup
population. It remains unclear whether PEG-based
preparations can be administered to patients with
more active disease in whom tap water enemas may
represent an alternative for what is often a partially
[35]
empty colon .
Notwithstanding the limited published data, our
results confirm that PEG preparations can be used in
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Terminology

Split dose refers to administration of half of the preparation the evening prior
the colonoscopy and the second half the morning of the colonoscopy.

Peer-review

This is an interesting article that the authors made a study to review and metaanalyze colon cleansing preparations in patients with inflammatory bowel
disease IBD. They concluded that in patients without contraindications, lowvolume PEG preparation with adjuvants in split-dosing may represent a valid
alternative to standard high-volume PEG with at least a similar efficacy and a
better acceptability.
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Abstract
Portal vein thrombosis (PVT) is a rare but serious
postoperative complication associated with irre
versible electroporation (IRE). We report a case
of postoperative PVT in a 54-year-old woman who
underwent IRE for locally advanced pancreatic cancer.
Drain removal and discharge of the patient from the
hospital were scheduled on postoperative day (POD) 7;
however, a magnetic resonance imaging scan revealed
the presence of PVT. We suspected postoperative
inflammation in the pancreas as the main cause of
PVT. However, the patient did not undergo any medical
treatment because she did not have any clinical
symptoms, and she was discharged on POD 8.
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Core tip: Irreversible electroporation (IRE) is a medical
technique that utilizes high voltage pulses to create
permanent nanopores in the cell membrane, which in
turn induces apoptosis of the targeted cells. Portal vein
thrombosis (PVT) is a rare but serious postoperative
complication associated with IRE. This review focuses
on the mechanism of PVT after IRE for locally advanced
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of leukocytes, neutrophils, erythrocytes, leukocytes,
platelets, and amylase. These levels increased on
postoperative day (POD) 2. The levels of C-reactive
protein (CRP), interleukin-6 (IL-6), interleukin-8
(IL-8), and tumor necrosis factor (TNF) were also
increased on POD 2. The amylase level of the drain
from the IRE was 922.8 U/L on POD 3, which was 6
times higher than the upper limit of the normal serum
amylase level, indicating the presence of postoperative
pancreatic fistula according to the International Study
[11]
Group on Pancreatic Fistula classification . The
drain amylase level reached the normal serum range
on POD 5 and after the drain removal. The levels of
cancer antigen 199 in the serum were decreased after
the surgery. The re-evaluation MRI scan following the
IRE ablation demonstrated thrombosis of the portal
vein trunk on POD 7 and revealed that the tumor size
had decreased (Figure 2).
Non-occlusive PVT did not affect the patient’s
general condition, and the patient was discharged from
the hospital on POD 8 because she showed no other
complications. The patient currently has good quality
of life.

pancreatic cancer.
Su JJ, Su M, Xu K, Wang PF, Yan L, Lu SC, Gu WQ, Chen
YL. Postoperative inflammation as a possible cause of portal
vein thrombosis after irreversible electroporation for locally
advanced pancreatic cancer. World J Gastroenterol 2017;
23(32): 6003-6006 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i32/6003.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i32.6003

INTRODUCTION
Irreversible electroporation (IRE) is a medical
technique that utilizes high voltage pulses to create
permanent nanopores in the cell membrane, which
[1-4]
in turn induces apoptosis of the targeted cells
.
The main advantage of IRE over other approaches is
the avoidance of thermal injury to the surrounding
structures, thereby sparing essential structures such
[5-8]
as the nerves, vessels, and bile ducts . Although
there are benefits of IRE, many adverse events should
be taken into consideration before its use, including
mild hypertension and hemodynamically relevant
arrhythmia. Initial long-term survival data in animals
have confirmed the safety of IRE as it does not show
[9,10]
vascular thrombosis as a related complication
.
We report a case of successful IRE in a patient with
locally advanced pancreatic cancer who developed PVT
shortly after IRE.

DISCUSSION
There is no effective treatment available for patients
with pancreatic cancer. Therefore, we put forward
a novel method of minimally invasive IRE for the
treatment of pancreatic tumors, which was reported
recently in 2008. Although IRE is now regarded as
an attractive treatment option for locally advanced
pancreatic cancer, there are some complications
associated with the use of this method. PVT is a rare
[12]
but serious postoperative complication of IRE .
[13]
Although the mechanism is still unclear , medical
literature on the occurrence of PVT reports that it is
associated with three factors: endothelial cell injury,
slow blood flow, and hypercoagulable state of the
blood. In pancreatitis, various inflammatory mediators
are released with concomitant thrombosis, resulting
in high levels of IL-6, IL-8, and TNF. These factors
stimulate the hepatic cells, which in turn produce
large quantities of CRP. CRP is a sensitive indicator of
the severity of inflammation. The initial clinical signs
of PVT are often subtle and similar to those observed
in postoperative pancreatitis. PVT can be detected
using CT, MRI, and Doppler ultrasonography. Doppler
ultrasonography is a non-invasive, easily available
bedside examination with an 89% sensitivity and 92%
[14]
specificity in detecting PVT . Early diagnosis of PVT
might provide clinicians an opportunity for intervention
before severe damage occurs. Once the thrombus
is formed, thrombolysis and anticoagulation must
be performed as soon as possible, including surgical
treatment if necessary. In this case, the patient
developed PVT, which did not completely block the
portal vein. No clinical symptoms such as abdominal
pain and portal hypertension were observed; hence,

CASE REPORT
We report the case of a 54-year-old woman who was
diagnosed with tumor in the body of the pancreas,
using computed tomography (CT). Magnetic resonance
imaging (MRI) of the abdomen also revealed a tumor
mass located at the pancreatic body; hence, pancreatic
cancer was suspected. Artery invasion was seen near
the celiac axis (Figure 1).
The patient underwent abdominal vascular ultra
sonographic scanning of the hepatic vein, inferior
vena cava, superior mesenteric vein, splenic vein,
and portal vein, which showed that the blood flow
was unobstructed prior to the surgery. The blood flow
volume of the splenic vein was 14.5 cm/s and that
of the superior mesenteric vein was 18.8 cm/s. The
diameter of the portal vein was 1.1 cm and its blood
flow volume was 28.8 cm/s. The patient underwent
IRE ablation under balanced general anesthesia
for pancreatic cancer because the tumor mass was
considered unresectable because of tumor infiltration
of the celiac axis root and major abdominal blood
vessels. Furthermore, multiple metastases were
established in the lymph nodes of different regions.
Before the IRE ablation, we performed tumor mass
biopsies. The patient was admitted to the hospital
after routine blood tests, which showed normal levels
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Figure 1 Computed tomography and magnetic resonance imaging photographs. A: Computed tomography scan showed a locally advanced malignant
pancreatic mass of 34 mm in diameter surrounding and narrowing the coeliac trunk (arrow); B: Magnetic resonance imaging demonstrating the mass located in the
pancreatic body (arrow).

Laboratory diagnosis

Before surgery, laboratory results were normal.

Imaging diagnosis

Computed tomography scan showed a locally advanced malignant pancreatic
mass of 34 mm in diameter that surrounded and narrowed the coeliac trunk.
MRI demonstrated the mass located in the pancreatic body.

Pathological diagnosis

The tumor was diagnosed as a low differentiated adenocarcinoma in the
pancreas.

Treatment

The patient underwent irreversible electroporation (IRE) for locally advanced
pancreatic cancer.

Figure 2 Magnetic resonance imaging findings. Magnetic resonance
imaging showed thrombosis of the portal vein trunk.

Related reports

Portal vein thrombosis (PVT) is a rare but serious postoperative complication
associated with IRE. To date, only a few cases have been reported in the
English literature, including our case presented in this report.

anticoagulant was not administered. However, the case
was closely followed. The patient was administered no
special medical treatment during the follow-up period
because she recovered from acute pancreatitis and
showed no signs of thrombus. In this case, the levels
of prothrombin time, activated partial thromboplastin
time, fibrinogen, and thrombin time were normal
before the operation. But after surgery, the patient
developed abnormal blood coagulation and significantly
increased white blood cells, CRP, IL-6, IL-8, and TNF,
which explains that PTV occurred due to abdominal
surgery.

Experiences and lessons

PVT is a rare but serious postoperative complication associated with IRE. A
patient with locally advanced pancreatic cancer who developed PVT shortly
after IRE makes us suspect postoperative inflammation in the pancreas as the
main cause of PVT.

Peer-review

This study highlights the mechanism of PVT after IRE in locally advanced
pancreatic cancer and the authors also conducted a literature review so as
to deepen the understanding of the subject. The information of this paper is
valuable to the readers.
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This is a comment on a meta-analysis of published studies
comparing cold vs hot polypectomy. We believe that the
conclusion of this meta-analysis that “cold polypectomy is
a time-saving procedure for removing small polyps with
markedly similar curability and safety to hot polypectomy”
needs more rigorous evidence.
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Core tip: This is a comment on a meta-analysis of
published studies comparing cold vs hot polypectomy. We
believe that the conclusion of this meta-analysis needs
more rigorous evidence.
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To the editor
[1]

We read with interest the article by Fujiya et al
entitled “Efficacy and adverse events of cold vs hot
polypectomy: A meta-analysis”, which compared cold
and hot polypectomy with respect to efficacy and
adverse events. The authors attempted to perform a
systematic review and meta-analysis of the “randomized
controlled trials (RCTs)” from several databases, one
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[2]

of which is actually a retrospective study . In addition,
[3]
among the six included studies, two (one article and
[4]
one abstract ) actually utilized the same data, which is
another serious issue.
Colorectal polyps can be divided into three groups
based on size: diminutive (≤ 5 mm), small (6-9
mm), and large (≥ 10 mm). The American Society
for Gastrointestinal Endoscopy recommends that cold
snare polypectomy should be the primary modality
used for resection of diminutive polyps. However,
polyps that are 6 to 9 mm in size can be resected by
cold snare polypectomy or hot snare polypectomy
[5]
because the optimum technique is not defined . In
this meta-analysis, the authors demonstrated that
cold polypectomy is a time-saving procedure for
removing small polyps with markedly similar curability
and safety to hot polypectomy. However, among
the six included studies, one compared hot snare,
cold snare and cold forceps polypectomy for diminu
[6]
tive colorectal polyps , and the other five studies
compared hot snare with cold snare polypectomy for
small polyps (10 mm or less in diameter, and most
[2-4,7,8]
were 8 mm or less)
. Hence, we believe that the
conclusion is not sufficient.
All six included studies reported the rate of adverse
events, including bleeding. The study by Horiuchi
[8]
et al , however, focused on small colorectal polyps
in patients receiving anticoagulation therapy. Thus,
it should be excluded from this meta-analysis, or
sensitivity analysis should be done to explore whether
it was biased.
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