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Abstract

Globally, over 300 million people are living with viral he-
patitis with approximately 1.3 million deaths per year. In
2016, World Health Assembly adopted the Global Health
Sector Strategy on viral hepatitis to eliminate hepatitis
by 2030. Different World Health Organization member
countries are working on hepatitis control strategies to
achieve hepatitis elimination. So far, only 12 countries
are on track to achieve hepatitis elimination targets.
The aim of the study was to give an update about the
progress and challenges to achieving hepatitis elimination
by 2030. According to the latest data, 87% of infants
had received the three doses of hepatitis B virus (HBV)
vaccination in the first year of their life and 46% of infants
had received a timely birth dose of HBV vaccination.
There is a strong need to improve blood and injection
safety. Rates of hepatitis B and C diagnosis are very low
and only 11% of hepatitis B and C cases are diagnosed.
There is a dire need to speed up hepatitis diagnosis
and find the missing millions of people living with viral
hepatitis. Up to 2016, only 3 million hepatitis C cases
have been treated. Pricing of hepatitis C virus drugs is
also reduced in many countries. The major hurdle to ach-
ieve hepatitis elimination is lack of finances to support
hepatitis programs. None of the major global donors are
committed to invest in the fight against hepatitis. It will be
very difficult for the low and middle-income countries to
fund their hepatitis control program. Hepatitis elimination
needs strong financial and political commitment, support
from civil societies, and support from pharmaceutical and
medical companies around the globe.

Key words: Hepatitis; Global Health Sector Strategy;
Hepatitis B virus vaccination; Injection safety; Find
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missing millions; Harm reduction

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Viral hepatitis is one of the leading causes of
deaths worldwide. World Health Organization has pro-
duced a strategy to eliminate hepatitis by 2030. The
major hurdle to achieve hepatitis elimination is lack of
financial resources. If the targets in Global Health Sector
Strategy are achieved, then the millions of lives will be
saved from liver related premature deaths.

Waheed Y, Siddiq M, Jamil Z, Najmi MH. Hepatitis elimination
by 2030: Progress and challenges. World J Gastroenterol 2018;
24(44): 4959-4961 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/144/4959.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i44.4959

INTRODUCTION

Hepatitis B and C are major causes of liver-related dea-
thstl. Globally, 257 million and 71 million people are
living with hepatitis B virus (HBV) and hepatitis C virus
(HCV), respectively!®. In the last 15 years, massive
progress has been achieved in the fights against human
immunodeficiency virus, malaria and tuberculosis, mainly
by heavy commitments by the global donor agencies
while viral hepatitis remains neglected™. In 2015, United
Nations included hepatitis in its Sustainable Development
Goals.

In 2016, World Health Assembly has adopted the
Global Health Sector Strategy (GHSS) on viral hepatitis
to eliminate hepatitis by 2030. The goal of the World
Health Organization (WHO) GHSS is to reduce hepatitis
incidence from 6-10 million cases to 0.9 million cases,
and to reduce annual hepatitis deaths from 1.4 million to
0.5 million, by 2030,

The WHO is helping different countries to develop
hepatitis control programs™. By November 2017, 84
countries had developed hepatitis control programs'®.
Due to lack of international investment in viral hepatitis
programs, only a few countries included hepatitis treat-
ment and prevention strategies for all patients in their
national hepatitis programs™. According to Polaris data,
only 12 countries, namely Australia, Iceland, Switzerland,
Italy, Mongolia, Spain, Egypt, France, Georgia, Japan,
Netherlands, and United Kingdom are on track to achieve
the WHO hepatitis elimination targets”,

GLOBAL HEALTH SECTOR STRATEGY
ON VIRAL HEPATITIS: TARGETS AND

PROGRESS

World Health Organization’s GHSS document showed
the five areas, in which efforts are required to eliminate
hepatitis by 2030. These five core intervention areas are

Baishidenge ~ WJG | www.wjgnet.com

(1) HBV vaccination; (2) prevention of mother to child
transmission of HBV; (3) injection and blood safety; (4)
harm reduction; and (5) test and treatment of HBV and
HCVY,

In 2015, the global coverage of 3" dose infant HBV
vaccination was 82%, which is close to the target of
90% HBV vaccine coverage by 2030, According to
the latest data, 87% of infants had received the three
doses of HBV vaccination in the first year of their life’®.
There are many countries in the European Union who
have not included the HBV vaccination into their routine
immunization schedule™. There is a dire need to speed
up HBV vaccination and reach every child for vaccination,
to save the future generations from HBV.

Mother to child transmission of HBV is prevented
by the timely administration of HBV birth dose vaccine
(within 24 h of birth).. In 2015, only 38% of children
were administered the birth dose of HBV vaccine in a
timely manner and the target is to administer the timely
HBV vaccine to 90% of children™., According to the latest
data, 46% of infants were administered the birth dose of
HBV vaccine in a timely manner™®.

Blood and injection safety is very important to ach-
ieve the global hepatitis elimination target. In 2015, 39
countries were not routinely screening all blood donations
for transfusion transmitted infections and 89% of do-
nations underwent a quality control check™. There is a
strong need to improve injection safety and also reduce
the use of unnecessary injections, especially in the low
and middle-income countries (LMICs).

The prevalence of HBV and HCV are very high in
People who inject drugs (PWID)™. In 2015, only 20 ste-
rile syringes were provided to per PWID per year and the
target is to provide 300 syringes per PWID per year™™, A
lot of financial effort is needed to reach the 2030 target
of harm reduction.

Only 11% of HBV and HCV cases are diagnosed. The
target in GHSS is to diagnose 90% of HBV and HCV po-
sitive cases by 2030™, Observing the miserable condition
of hepatitis diagnosis, World Hepatitis Alliance has star-
ted an initiative named “Find the Missing Millions”, to
find the millions of undiagnosed people living with viral
hepatitis!'”.

Current hepatitis B and C treatment rates are
very low. According to Global Hepatitis Report 2017,
1.7 million HBV and 1.1 million HCV patients were on
treatment in the year 2015, In 2016, 1.76 million
additional HCV patients received treatment and the cumu-
lative 2015-2016 HCV treatment number reached 3
million™. To eliminate hepatitis, the goal is to treat 80%
of HBV and HCV patients by 2030™. Highly effective HCV
drugs are available in the market. The price of HCV drugs
has been reduced in over 100 countries, but drug pricing
is still a problem in many developed countries. There is
a strong need to find a highly effective treatment for he-
patitis B virus.

CONCLUSION

There is a dire need to strengthen the health care sys-
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tems in different LMICs. There are many low-income
countries in which a large proportion of births are not
taking place in health care settings. The major obstacle
to eliminate hepatitis by 2030 is lack of financial re-
sources. None of the major global donors gave a financial
commitment to eliminate viral hepatitis. There is also
a strong need to provide funds to The Global Alliance
for Vaccines and Immunisation to support the HBV bir-
th dose vaccination scheme. Donors are also needed
to develop and support the national hepatitis plans in
LMICs™. Hepatitis elimination needs strong financial and
political commitment, support from civil societies, and
support from pharmaceutical and medical companies
around the globe™".,
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Abstract

The mononuclear phagocyte system (MPS), which con-
sists of monocytes, dendritic cells (DCs), and macro-
phages, plays a vital role in the innate immune defense
against pathogens. Hepatitis C virus (HCV) is efficient in
evading the host immunity, thereby facilitating its devel-
opment into chronic infection. Chronic HCV infection
is the leading cause of end-stage liver diseases, liver
cirrhosis, and hepatocellular carcinoma. Acquired im-
mune response was regarded as the key factor to era-
dicate HCV. However, innate immunity can regulate the
acquired immune response. Innate immunity-derived
cytokines shape the adaptive immunity by regulating
T-cell differentiation, which determines the outcome
of acute HCV infection. Inhibition of HCV-specific T-cell
responses is one of the most important strategies for im-
mune system evasion. It is meaningful to illustrate the
role of innate immune response in HCV infection. With
the MPS being the important factor in innate immunity,
therefore, understanding the role of the MPS in HCV
infection will shed light on the pathophysiology of chronic
HCV infection. In this review, we outline the impact of
HCV infection on the MPS and cytokine production. We
discuss how HCV is detected by the MPS and describe
the function and impairment of MPS components in HCV
infection.

Key words: Mononuclear phagocyte system; Hepatitis C
virus; Monocyte; Dendritic cell; Macrophage

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatitis C virus (HCV) infection is efficient to
develop into chronic infection. Innate immune system
can shape the acquired immune response, which can
eradicate HCV directly. As the main component of innate
immunity, the mononuclear phagocyte system (MPS)
plays a vital role in HCV infection. In this review, we dis-
cuss the interaction between the HCV and MPS. MPS can
detect HCV to promote virus eradication, and HCV can
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shape the MPS to facilitate HCV persistence. We hope
that this review will enable us to better understand HCV
infection.

Yang Y, Tu ZK, Liu XK, Zhang P. Mononuclear phagocyte
system in hepatitis C virus infection. World J Gastroenterol 2018;
24(44): 4962-4973 Available from: URL: http://www.wjgnet.
com/1007-9327/tull/v24/i44/4962.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.144.4962

INTRODUCTION

Hepatitis C virus and hepatitis C virus infection

Hepatitis C virus (HCV) is a positive sense single-stranded
RNA virus that belongs to the family Flaviviridae™. HCV
infection affects more than 170 million people worldwide
and is regarded as a leading cause of chronic liver
disease!®. The viral genome is approximately 9.6 kb,
encoding a single 3011-amino acid-long polyprotein.
The polyprotein is cleaved into three structural proteins
(core, E1, and E2) and seven non-structural proteins
(p7, NS2, NS3, NS4A, NS4B, NS5A, and NS5B)F., HCV
is classified into seven genotypes as well as 67 subtypes,
and it shows significant genetic diversity among different
nations™., Even within the same patient, HCV usually
exists in blood as a group of related quasispecies™.
Acute HCV infections are anicteric and asymptomatic®.
Nevertheless, 15%-20% of HCV-infected patients
can recover from an acute infection, whereas the
remaining 80%-85% of patients will progress to chronic
infection®®), Chronic HCV infection is a leading cause of
end-stage liver diseases, liver failure, and hepatocellular
carcinoma, resulting in approximately 350000 deaths
per year™®, HCV infection is usually diagnosed via the
detection of both HCV antibody and HCV RNA. In the
absence of viral RNA, the detection of HCV antibody
indicates a spontaneously resolved or cured infection™.
The combination of subcutaneous pegylated interferon
(peginterferon) alpha and oral ribavirin was once the
standard treatment for chronic HCV infection. However,
this combination results in a sustained virological
response (SVR) in only approximately 50% of patientst*!l.
In 2011, the United States Food and Drug Administration
approved a novel HCV therapy including direct-acting
antiviral drugs and protease inhibitor drugs. These
drugs significantly increased the response rate, thereby
revealing a new era of HCV treatment!*>**,

Mononuclear phagocyte system
The term mononuclear phagocyte system (MPS) was
developed in the late 1960s and early 1970s by van
Furth™. The MPS encompasses monocytes, dendritic
cells (DCs), and macrophages, and altogether they play
vital roles in tissue development, maintenance of homeo-
stasis, inflammation, and the innate immune defense
against pathogens.

Monocytes constitute 5%-10% of the peripheral blood
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leukocytes in humans and are generated in the bone
marrow and spleen™™., During inflammation, monocytes
can differentiate into macrophages and DCs!****, and
they play important roles in both innate and adaptive
immunity™2*, Circulating monocytes can traffic through
the sinusoids, and thus, it has been proposed that liver-
resident monocytes and circulating monocytes should be
distinguished™®'. However, blood monocytes pass through
the liver numerous times, and therefore, we will consider
circulating monocytes with liver-resident monocytes as
one entity in this review.

Human blood DCs are major histocompatibility com-
plex (MHC) class 1 [human leukocyte antigen D-related
(HLA-DR)] positive and can be divided into myeloid DCs
(mDCs) and plasmacytoid DCs (pDCs)'*®, pDCs are
CD11c negative and are distinguished from mDCs using
positive markers such as CD123, CD303, and CD304%®,
Alternatively, mDCs can be subdivided according to
CD1c and CD141 expression™®!, Accordingly, DCs exist
in CD303* pDCs, CD11c" CD1c" mDCs, and CD11c*
CD141" mDCs populations. It is worth mentioning that
all these subsets are present in the liver'”, and the
CD1c" mDC population is the most prevalent liver DC
subset'””), Compared to blood DCs, hepatic DCs present
an immature phenotype and have a lower capacity to
stimulate T cells®?*!, Furthermore, hepatic DCs pro-
duce more interleukin (IL)-10 and less IL-12p70=°3",
highlighting the tolerogenic peculiarity of hepatic DCs.

Macrophages are large phagocytic cells with multi-
functional roles in development, homeostasis, and dis-
easest, Kupffer cells (KCs) are tissue-resident macro-
phages of the liver that have important functions in
both the innate and acquired immune responses®*>%,
However, owing to their stationary state, they are not
as potent as DCs in stimulating T cells®®®, Additionally,
KCs can also regulate the functions of other hepatic
cells®**, As early as the 1990s, the interaction between
KCs with natural killer (NK) cells and liver stellate cells
was identified by electron microscopy, implying that the
functions of NK cells and stellate cells may be shaped
by KCs®. In our lab, we previously identified Toll-like
receptor (TLR)-dependent crosstalk between human KCs
and NK cells®,

HCV infection is notorious for its propensity to
become chronic due to the lack of robust acquired im-
mune responses. The immune response against HCV
infection is primarily controlled by the adaptive immune
system; however, a robust acquired immune response
is determined by the innate immune response®”. In
other words, proper innate immunity is essential for the
initiation of the acquired immune response. Mounting
evidence confirms that the MPS is crucial for innate
immunity and plays an important role in multiple infec-
tions, including parasitic infections™*", tuberculosis®*?,
human immunodeficiency virus (HIV) infection***, and
respiratory syncytial virus infection®, Therefore, it is
necessary to clarify the interaction between HCV and the
MPS. The immunophenotype of the MPS in normal liver
has been previously reviewed®, However, the impact
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of HCV infection on the MPS has not been reviewed
yet. Therefore, in this review, we summarize recent
findings regarding the role of the MPS in HCV infection,
and we focus on the function and impairment of MPS
components following HCV infection.

DETECTION OF HCV BY THE MPS

Pathogen-associated molecular patterns (PAMPs) on HCV
can be detected by three classes of pattern recognition
receptors (PRRs): RIG I-like receptors (RLRs), TLRs, and
NOD-like receptors (NLRs)"*®". These PRRs function early
after infection, thereby restricting HCV replication®!,

RIG-I, representative of RLRs, can sense HCV
RNA as non-self through the 5’-triphosphate (5’-ppp)
found on the viral RNA in addition to the 3’ poly-U/
UC tract™*®, Blocking of the signaling pathway of
melanoma differentiation-associated gene 5 (MDAb),
another member of the RLRs, led to enhanced HCV repli-
cation™, Both RIG-I and MDAS utilize the adaptor pro-
tein mitochondrial antiviral signaling (MAVS) to initiate
immune signaling, and they recognize different PAMPs,
indicating that they may function complementarily®®>%,
In West Nile virus infection, RIG-I was found to play
an important role in the early immune response after
infection, whereas MDAS was more important in the later
period of infection®?,

Endosomal TLRs are the main sensors that detect
HCV. Among them, TLR3 can sense double-stranded
(ds)RNAP***) whereas the GU-rich sequences in HCV
RNA can be recognized by TLR7 and TLR8"**"), Addi-
tionally, TLR2 is specialized in HCV protein detection™®.
Wang et al® previously demonstrated that interferon
(IFN)-stimulated genes (ISGs) are upregulated in primary
human hepatocytes after polyinosinic: polycytidylic
acid (polyI:C) stimulation, owing to the expression of
TLR3. However, the authors observed that HCV infection
weakened the ability of hepatocytes to induce ISG
expression compared to the polyIl:C stimulation®™",
indicating that TLR3 signaling may be impaired by HCV.
Consistently, it was previously established that TIR-
domain-containing adapter-inducing interferon-p (TRIF),
an adaptor protein of TLR3 signaling, can also be cleaved
by the NS3/4A protease™®,

It is worth mentioning that the results described
above were derived from primary human hepatocytes or
hepatocyte cell lines infected by HCV. In vivo, uninfected
hepatocytes were able to sense the adjacent infected
cells by TLR3™®. Extracellular dsRNA was detected by
the uninfected hepatocytes in a macrophage scavenger
receptor 1 (MSR1)-dependent manner®, MSR1 can
bind to the viral dsRNA and transport it to the endosome,
within which TLR3 is engaged™'. This mechanism may
be employed by the MPS to trigger an antiviral state in a
TLR3-dependent manner. Furthermore, HCV-infected cells
can induce the production of typeI IFN from pDCs®".
Additionally, HCV RNA activates the MPS populations like
mDCs and pDCs to produce proinflammatory cytokines
and chemokines, including IL-18, tumor necrosis factor
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(TNF)-a, IL-6, IL-12, IL-10, CXCL9, and CXCL10™",
Particularly, the GU-rich sequences induce type I IFN
from monocytes and pDCs™"\. In contrast, the polyU/UC
sequences of HCV RNA activate IL-1B production from
the nucleotide-binding oligomerization domain-like re-
ceptor family pyrin domain containing 3 (NLRP3) inflam-
masome of macrophages, resulting in persistent liver
inflammation®®%%,

In addition, HCV proteins can also activate the
MPS. It was identified that HCV core protein (HCVc)
and NS3 activate monocytes® and macrophages™®,
thereby triggering inflammatory pathways in a TLR2-de-
pendent manner®®., Additionally, HCVc and NS3 inhibit
DC differentiation™®. Furthermore, TLR1 and TLR6, co-
receptors of TLR2, are also involved in HCVc and NS3-
induced macrophage activation',

Compared to the HCV RNA, HCV viral particles are
less efficient in stimulating the MPS™”), Nevertheless,
they can activate macrophages, leading to production of
proinflammatory cytokines like IL-6, IL-1B, and TNF-a
rather than the antiviral cytokines including IL-12 and
type I IFN®”,

IMPACT OF HCV ON THE MPS

HCV and monocytes

Effect of HCV on TLR signaling: TLR signaling is
associated with the outcome of acute HCV infection
as well as the therapeutic outcome™. Accumulating
evidence suggests that HCV infection can influence the
expression of TLRs®*”*", Particularly, the expression levels
of TLR2 and TLR4 are elevated after HCV infection in
monocytes® ¥, The expression of TLR2 is significantly
correlated with serum TNF-o and alanine transaminase
(ALT) levels™, indicating that the inflammation asso-
ciated with HCV infection is partially attributed to pro-
duction of proinflammatory cytokines in a TLR2-depen-
dent manner. Similarly, HCVc can activate the MPS in
a TLR2-dependent manner”®®. In contrast, TLR3 and
TLR4 in monocytes are compromised after HCV infec-
tion”®. In healthy individuals, the repeated stimulation
of monocytes via the TLR ligands leads to tolerance,
thereby providing a protective mechanism to limit in-
flammation. However, this tolerance is disrupted in
HCV-infected patients”’*!. Therefore, monocytes from
HCV-infected patients are hyper-responsive, and their
expression of TNF-a is upregulated. The loss of TLR
tolerance can be attributed to IFN-y"". Alternatively,
other reports demonstrated that HCVc can induce down-
regulation of IL-6 production after stimulation with TLR2
and TLR4 ligands”>”*". We hypothesize that HCVc induces
hyporesponsiveness, leading to the evasion of immunity
in the early period of infection, whereas IFN-y-induced
loss of tolerance may contribute to inflammation and
subsequent liver damage in chronic infection.

Impact of HCV on cytokine production from
monocytes: IL-10, an anti-inflammatory cytokine, can
be produced by monocytes™. IL-10 has several immuno-
regulatory functions after HCV infection. It is involved
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Figure 1 Mechanisms underlying aberrant interleukin-10 and interleukin
-12 expression. Monocytes are a main producer of interleukin-10 (IL-10)
in hepatitis C virus (HCV) infection. HCV core protein (HCVc) can stimulate
monocytes to produce IL-10, which selectively inhibits Toll-like receptor 4
signaling, leading to impairment of interleukin -12 (IL-12). Programmed cell
death 1 (PD-1)/ ligand of PD-1 (PD-L1) signaling and the galectin-9 (Gal-9)/
T cell immunoglobulin and mucin domain 3 (Tim-3) pathways suppress IL-12
production by inhibiting activator protein 1 and signal transducer and activator
of transcription 1 activation. The interaction between HCVc and receptor for the
globular heads of C1q also inhibits IL-12 production but promotes PD-1/PD-L1
and Gal-9/Tim-3 pathways. The red arrow represents inhibition, whereas the
green arrow indicates promotion. HCVc: HCV core protein; IL: Interleukin; TLR:
Toll-like receptor; PD-1: Programmed cell death 1; PD-L1: Ligand of PD-1;
Gal-9: Galectin-9; TIM-3: T cell immunoglobulin and mucin domain 3; AP-1:
Activator protein 1; STAT: Signal transducer and activator of transcription;
gC1qR: Receptor for the globular heads of C1q; SOCS: Suppressor of cytokine
signaling; NFkB: Nuclear factor-«xB.

in HCV-specific CD8"* T cell regulation; specifically, IL.-10
can reduce the frequency of CD8" T cells and impair
their differentiation’”. Furthermore, IL-10 preferentially
targets TLR4 signaling®. The inhibitory role of IL-10
against the production of proinflammatory cytokines
was preferentially mediated by TLR4 signaling, i.e., the
stimulation of chronic hepatitis C (CHC) patient-derived
monocytes by lipopolysaccharide (LPS) (a TLR4 ligand)
rather than R848 (a TLR8 agonist) led to lower TNF-a
and IL-12 production™®.

Analysis of serum samples collected from CHC
patients often shows higher IL-10 levels either pro-
duced spontaneously or after stimulation with HCV
antigens”””®, Particularly, CHC patients have high IL-10
levels and relatively low levels of IFN-y and IL-2V%,
whereas patients with the self-limiting HCV produce
lower IL-10 levels in response to both viral antigens and
unspecific stimulation®®,

HCV NS4 can stimulate peripheral blood mononuclear
cells (PBMCs) to produce IL-10 and transforming growth
factor (TGF)-p™". TGF-B cooperates with IL-10 to inhibit
the host-protective immune responses®. Additionally,
supernatants of NS4-stimulated monocytes can inhibit
DC maturation and DC stimulatory function®",

In our lab, we studied the network of cytokines that
regulate IL-10 production and the cytokines regulated
by IL-10 upon HCV infection”, The stimulation of
monocytes with HCVc and polyI:C induces the secretion
of TNF-a, IL-1B, IL-10, and type I IFN. Interestingly,
TNF-o, IL-1B, and IFN promote the IL-10 production,
whereas high IL-10 levels inhibit TNF-o, IL-1B, and IFN
production”. Furthermore, receptors for IL-10 on mono-
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cytes are also elevated during HCV infection and the type

I as well as type III IFNs upregulate the IL-10 monocyte
receptors, leading to higher sensitivity of monocytes to
1L-10°%,

Programmed cell death-1 (PD-1) is primarily ex-
pressed on activated lymphocytes, whereas its ligand
(PD-L) is widely expressed by many cells®". PD-1/
PD-L interactions can affect responses against self
and foreign antigens®. Consistently, PD-1/PD-L1 sig-
naling in monocytes has critical roles in HCV infection.
Monocytes from CHC patients are endowed with high
levels of PD-L1, which enables the suppression of T cell
proliferation, reduces the frequency of HCV-specific
effector T cells, and downregulates the production of type
1 help T cell (Th1) cytokines as well®. PD-L1 signaling
downregulates IL-12 expression, leading to low Thl
cytokine production®. HCVc interacts with the receptor
for the globular heads of C1q (gC1gR) to increase
PD-1 expression by monocytes®®, PD-1 is associated
with suppressor of cytokine signaling 1 (SOCS-1), and
they work together to inhibit the activation of signal
transducer and activator of transcription (STAT)-1 and
the subsequent IL-12 production®®”.

The galectin-9 (Gal-9) and T cell immunoglobulin
and mucin domain 3 (Tim-3) pathway in monocytes is
also vital for HCV infection. Monocytes express Gal-9
upon exposure to HCV-infected cells or the subgenomic
replicon cells and exosomes from infected cells®., Con-
sistently, Tim-3, receptor of Gal-9, is constitutively ex-
pressed on resting monocytes and can be up-regulated
in CHC patients®®. HCVc upregulates Tim-3 in a c-Jun
N-terminal kinase (JNK) and T-bet-dependent manner*®®,
The Gal-9/Tim-3 pathway is involved in the dysfunction
of IL-12, IL-23, and IL-17%%°", Crosstalk between PD-1
and SOCS-1, Gal-9, and Tim-3 inhibits IL-12 production
by limiting STAT-1 phosphorylation™.

In conclusion, imbalance between IL-10 and IL-12
is a key feature of HCV infection. High levels of IL-10
combined with low IL-12 levels lead to a poor antiviral
microenvironment. To make matters worse, HCV-infected
patients and healthy controls show different responses to
IL-10 and IL-12, i.e., IL-10 can suppress IFN-y production
in both HCV-infected patients and healthy controls,
whereas the stimulatory effect of IL-12 on IFN-y is com-
promised in HCV-infected patients®®” (Figure 1).

Regulatory function of monocytes following HCV
infection: Following HCV infection, monocytes modulate
the functions of other immune cells, such as NK cells
and T cells. Additionally, NS5A can upregulate IL-10
and TGF-B expression in monocytes, and in turn, these
cytokines suppress NK cell function by downregulating
the expression of NKG2D, an activating receptor ex-
pressed on the surface of NK cells®, Furthermore,
monocytes secrete the IL-18 and IL-36 inhibitory pro-
teins, which can reduce NK cell activation, TNF-related
apoptosis-inducing ligand (TRAIL) expression, and the
ability to kill target cells®". Monocyte-derived Gal-9
upregulates the cytotoxicity of NK cells, leading to HCV-
specific T cell apoptosis and liver injury®®. Co-culture of
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monocytes with T cells leads to elevated mortality rate
of T cells®®. In addition to these detrimental functions,
monocytes were found to be beneficial in the following
situation: elevated OX40L expression, which is involved
in the CD4" T cell response. Blocking OX40L expression
from monocytes leads to HCV-specific CD4" T cell impair-
ment®®”). Upon co-culture with JFH-1/HuUH7.5 cells, NK
cells from PBMCs produce high levels of IFN-y. pDC-
derived IFN-a is indispensable for IFN-y production,
whereas the monocyte-derived IL-15 can augment IFN-y
production to the maximum®®.,

HCV and DCs

Impaired functions of DCs following HCV infection:
In vivo study showed that gene expression in DCs from
acute HCV resolving patients and from patients who
become chronically infected is different®. The same
result is also confirmed in healthy controls and CHC
patients”®. All these indicate that DCs play an important
role in HCV infection.

DCs derived from peripheral blood progenitors in
vitro enabled the extensive study of DC populations.
Compared to healthy control DCs, HCV-DCs (derived
from CHC patients) exhibit a normal phenotype and
morphology but stimulate allogeneic T cells poorly™®°!,
Owing to the low expression of IL-12 in HCV-DCs, they
induce lower amounts of IFN-y from T cells compared
with control DCs in co-cultures of allogeneic DCs and T
cells™™®, Additionally, HCV-DCs are refractory to matu-
ration stimuli and maintain an immature phenotype!'®>.
Interestingly, the observed defects in HCV-DCs are
improved after viral clearance!’®'®®!, In agreement,
transfection of DCs from a healthy donor with adenovirus
encoding HCV E1 and HCVc resulted in poor ability to
stimulate the allogeneic and autologous T cells™®*.

To confirm the results obtained from in vitro ge-
nerated DCs, researchers evaluated the functions
and phenotypes of blood DCs ex vivo directly during
chronic HCV infection™®%!, Compared to those among
healthy controls, the frequencies of mDCs, pDCs, and
DC progenitors are significantly lower in HCV-infected
patients'%®%% DCs from HCV-infected patients
have a reduced ability to stimulate allogeneic CD4* T
cells 17119 - Additionally, they show abnormalities in
the production of cytokines, such as reduced IFN-o and
IL-12 levels!” ' and increased IL-10 production®’%,
Interestingly, these defects are resolved after viral elimi-
nation, indicating that HCV can indeed infect DCs and
alter their function!'**'%'%1, Additionally, the tryptophan-
catabolizing enzyme indolamine 2,3-dioxygenase (IDO),
an inducer of immune tolerance, was found to be signifi-
cantly increased in mDCs of CHC patients™". Moreover,
HCV-infected patient monocyte-derived DCs and infected
control monocyte-derived DCs (infected ex vivo with
HCV) show an inability to mature, and this impairment
can be reversed by IDO inhibitorst!",

The anti-HCV immune response mainly occurs in
the liver; therefore, it is reasonable to speculate that the
behavior of circulating DCs can be different from that of
liver-resident DCs. Therefore, studies were designed to
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isolate and characterize human liver DCs™?. In contrast
to the circulating DCs, mDCs from livers of HCV-infected
patients did not show noticeable defects in stimulating
T cells and produced lower levels of IL-10 than mDCs
from healthy individuals''?. However, the livers of HCV-
infected patients harbored decreased numbers of pDCs
compared to the livers of healthy individuals'*'?, and
thus, the amount of IFN-a was lower in the HCV-infected
patients™*?, In summary, lower amount of IFN-a. and
lower levels of IL-10 can contribute to persistent viral
infection and inflammation in HCV infection, respec-
tively™?.

Additionally, DCs from HCV-infected patients showed
lower production of IFN-A!"**), abolished cytotoxic acti-
vity!"*¥, upregulated levels of Fas ligand as well as
PD-L2"**!, and imbalanced expression between the co-
stimulatory and co-inhibitory markers**¢**”),

HCV-derived mechanisms underlying DC impair-
ment: The mechanisms underlying DC impairment as
well as the HCV proteins modulating DC functions have
been previously investigated''*®l. HCVc and NS3 proteins
are involved in the impairment of DC maturation, lower
levels of T cell stimulation as well as higher levels of
IL-10 production from DCs in HCV-infected patients®"
(Table 1). Additionally, HCVc protein can engage gC1gR
to inhibit IL-12 production and further restrain Thl
responses'*®), HCV E2 protein interacts with CD81 of DCs
to alter DC migratory behavior, thereby incapacitating
the recirculation of DCs to the lymphoid tissue, which
can cause impairment of T cell priming!**” (Table 1).
In our lab, we isolated liver-derived pDCs from normal
liver tissues collected from benign tumor dissections and
liver transplant donors. We observed that the interaction
of E2 with CD81 inhibits pDC maturation, activation,
and IFN-a production™™. HCV NS4 protein can change
the DC phenotype and is involved in the reduction
of Th1l cytokine production and impairment of T cell
stimulation™”, NS3 and E2 proteins can hinder IFN-A
production from DCs™**!. NS5A increases IL-8 production
from DCs and influences the phosphorylation of STAT1
and STAT2"*! (Table 1).

On the other hand, a number of studies failed to
find defects in DCs during HCV infection!****®, It was
reported that both HCV patients and chimpanzees
infected with HCV harbor phenotypic and functional intact
mDCs and pDCs™****!, DCs (both pDCs and monocyte-
derived DCs) from healthy donors and HCV patients
show comparable functions™”). These discrepancies can
be attributed to the inhomogeneous disease state of the
patient cohorts, technicalities in methods used for DC
purification, stimuli used to induce maturation, and the
evaluation of discrepant effector functions.

HCV and macrophages

Fundamental functions of macrophages after
HCV infection: The number of proinflammatory
macrophages is increased significantly in HCV-infected
livers, highlighting the importance of macrophages
in HCV infection™®***", This increase is dependent
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Table 1 Hepatitis C virus-derived mechanisms underlying dendritic cell impairment

HCV protein Target cells Functional change Mechanism Ref.
HCV coreand NS3 ~ mDCs Impaired maturation Increased IL-10 and decreased IL-12 production [64]
Impaired T-cell stimulation
E2 mDCs Alter DC migratory behavior Interacts with CD81 [120]
pDCs Inhibited maturation [121]
Impaired activation

Decreased IFN-a. production
E2 andNS3 mDCs Impaired IFN-A production Not shown [113]
NS4 mDCs Th1 cytokine reduction Not shown [122]

T-cell stimulatory impairment
NS5A mDCs Increased IL-8 production Not shown [123]

Impaired interferon signaling

Influence the phosphorylation of STAT1 and STAT2

HCV: Hepatitis C virus; NS: Nonstructural protein; mDC: Myeloid dendritic cell; pDC: Plasmacytoid dendritic cell; IL: Interleukin; Th1: Type 1 help T cell;

IFN: Interferon; STAT: Signal transducer and activator of transcription.

on the proliferation of resident KCs and recruitment
of monocytes'™*®), Macrophages express TRAIL, Fas-
ligand, granzyme B, perforin, and reactive oxygen
species, which cause direct cytotoxicity to the infected
hepatocytes!*****, Furthermore, macrophage-derived
IL-6 and IL-1B can inhibit HCV replication!*****!, Moreover,
TLR3 and TLR4 ligands can activate KCs to secrete
IFN-B, therefore restricting HCV replication'®. This
observation is in agreement with the results obtained by
our group. We isolated KCs from living donor allografts
and stimulated them with TLR ligands and/or HCVc.
Indeed, we observed that TLR3 induced KCs to secrete
typel IFNs, and this effect was blocked by HCVc!.
Additionally, KCs were reported to produce TGF-B, IL-10,
Gal-9, PD-L1, and PD-L2 during CHC, which suppresses
the antiviral functions of T cells™***3739,

HCV infection can influence the macrophage
phenotype: Burgio et ai*” observed that the immuno-
phenotypes of KCs can change during HCV infection.
The expression of CD80, CD40, and MHC-1I was aber-
rantly regulated during HCV infection. Those KCs form
clusters with T cells (mostly CD4") in the livers from
HCV-infected patients. In contrast, in healthy livers, the
KC-T cell clusters are scarce and the T cells are mostly
CD8". Taken together, these results indicate that HCV
infection can change the phenotype of KCs from efficient
antigen endocytic cells to professional antigen-presenting
cells™, Additionally, the HCV E2 protein can polarize
monocyte-derived macrophages to the M2 phenotype
by enhancing STAT3 and inhibiting STAT1 activation!*!.,
In our group, we observed that HCVc can also affect
the differentiation states of cells from monocytes to
macrophages. Both M1 and M2 polarization are inhibited
in a TLR2-dependent manner™*,

Role of macrophages in mediating HCV-associated
inflammation: HCV proteins and RNA can activate
macrophages, leading to the production of proin-
flammatory cytokines such as IL-1pB, IL-6, IL-18, and
TNF-o*>9*133% 1t is noteworthy that upon macrophage
activation with HCV viral particles, the response is
proinflammatory rather than antiviral®”, This could be
attributed to the polyU/UC sequences of HCV RNA, which
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activate the NLRP3 inflammasome of macrophages.
Additionally, macrophage-derived TNF-a was reported
to promote HCV entry into polarized hepatoma cells™**.
In HCV-infected patients, LPS can induce significantly
high levels of TNF-a, because macrophages of HCV-
infected patients are deprived of TLR-tolerancet**!, The
combination of increased TNF-a production along with
the enhanced HCV entry may represent an important
mechanism by which macrophages enhance HCV in-
fection and infection-associated inflammation (Figure 2).

Macrophages play an important role in HCV-
associated liver fibrosis and/or cirrhosis: Pro-
gressive fibrosis and/or cirrhosis is a characteristic of
CHC, and macrophages play an important role in this
process™*, In CHC, the role of macrophages in fibrosis
is mediated by the pro-inflammatory cytokines IL-18
and TNF-a, which have a well-established pro-fibrotic
functiont*¢**1, Additionally, conditioned medium from
HCV-exposed macrophages can modulate the primary
human hepatic stellate cells (HSC) and LX2 cell line.
CCLS5 derived from macrophages activates HSCs, leading
to the increased expression of inflammatory and pro-
fibrogenic markers such as NLRP3, IL-1B, IL-6, CCL5,
TGFB1, COL4A1, matrix metalloproteinase 2 (MMP2),
and a-smooth muscle actin (SMA)™*,

HCV-infected patients have elevated serum levels
of macrophage colony-stimulating factor (M-CSF) and
IL-34" and these proteins are intensely expressed
around the liver lesions. In vitro, hepatocytes produce
IL-34, M-CSF, and inflammatory cytokines in response
to HCV infection™". IL-34 and M-CSF promote the
differentiation of monocytes into macrophages and en-
dow the macrophages with profibrotic properties*>*!.
These profibrotic macrophages recruit monocytes to the
liver and activate HSCs via platelet-derived growth factor,
TGF-B, and galectin-3"Y,

CONCLUSION

Components of the MPS have redundant but non-
identical roles in HCV infection. Monocytes act as pro-
genitors for DCs as well as macrophages, and they play
an important role in blunting the immune system by
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Figure 2 Role of macrophages in hepatitis C virus infection-associated
inflammation. During hepatitis C virus (HCV) infection, macrophages are
the main source of the proinflammatory cytokines [interleukin (IL)-1p, IL-18,
tumor necrosis factor (TNF)-a., and IL-6] and the anti-inflammatory IL-10.
The production of IL-1B3 and IL-18 requires two signals, which are initiated
by the uptake of intact HCV particles. Signal 1: Following dendritic cell-
specific intercellular adhesion molecule-3-grabbing non-integrin-mediated
endocytosis, the HCV genome is released into cytoplasm and the uridine-
rich HCV RNA is recognized by endosomal Toll-like receptor 7 (TLR7). This
recognition leads to pro-IL-1B and IL-18 production in a myeloid differentiation
primary response gene 88 and nuclear factor-kB (NF«kB)-dependent manner.
Signal 2: Pro IL-1B and IL-18 become activated in this pathway. HCV p7, an
ion channel protein, promotes potassium efflux that activates the nucleotide-
binding oligomerization domain-like receptor family pyrin domain containing
3 (NLRP3) inflammasome. Utilizing apoptosis-associated speck-like protein
containing a CARD as an adaptor protein, NLRP3 activates caspase-1, which
induces the maturation of pro-IL-1B and pro-IL-18 into their active forms. HCV
core and NS3 proteins interact with TLR1 or TLR6 and TLR2 to activate NF«B,
which results in the production of TNF-a., IL-6, and IL-10. Additionally, HCV
particles can also be recognized by TLR7/8, inducing TNF-o production. TLR
tolerance is a protection mechanism against uncontrolled inflammation. In HCV
infection, it can be abrogated by interferon-y through NF-«B signaling, leading
to the production of high levels of proinflammatory cytokines. HCV: Hepatitis C
virus; HCVc: HCV core protein; IL: Interleukin; TLR: Toll-like receptor; TNF-o:
Tumor necrosis factor a,; DC-SIGN: Dendritic cell-specific intercellular adhesion
molecule-3-grabbing non-integrin; TLR: Toll-like receptor; MYD88: Myeloid
differentiation primary response gene 88; NF-«B: Nuclear factor-kB; NLRP3:

Nucleotide-binding oligomerization domain-like receptor family pyrin domain
containing 3; ASC: Apoptosis-associated speck-like protein containing a CARD;
NS3: Nonstructural protein 3; IFN-y: Interferon-y.

secreting large amounts of IL-10 and decreasing IL-12
production. Altered TLR signaling is the most probable
cause for abnormal cytokine production in HCV infection.
Results from studies examining the impairment of DCs
during HCV infection are still controversial. In this review,
we adopt the argument that mDCs show a reduced
ability to stimulate T cells, whereas pDCs produce
decreased amounts of IFN-o in HCV infection. However,
a definitive conclusion requires further investigation.
Macrophages are a double-edged sword in HCV infection,
with both beneficial and detrimental effects. Macrophage-
derived proinflammatory cytokines can control the viral
spread in acute infection. However, if HCV infection
is not controlled, these proinflammatory cytokines
contribute to persistent inflammation and complications,
including fibrosis and cirrhosis. Persistent inflammation
is a characteristic of HCV infection, and thus, the
differentiation of monocytes into DCs and macrophages
should happen frequently. Will the impairments of
the precursor monocytes be inherited by DCs and ma-

Baishidenge ~ WJG | www.wjgnet.com

crophages? Or will those impairments be reversed during
differentiation? These questions remain to be inves-
tigated.

The majority of previous studies focused on only
one component of the MPS, and thus, data on the inter-
play and cooperation between MPS components are
scarce!®®**%*33 For instance, the recruitment of DCs to
the liver requires KCs and the majority of the recruited
DCs bind to KCs. This DC-KC binding is indispensable,
because KC depletion leads to the inhibition of DC
migration to the liver™™?. Furthermore, monocytes
produce IL-10 and TNF-o, leading to the apoptosis of
pDCs and consequently inhibiting the production of
IFN-o. by pDCs™**, Additionally, pDC-derived IFN-a. and
monocyte-derived IL-15 work together to maximize the
IFN-y induction by NK cells and NKT cells during HCV
infection®®, Other forms of interplay and cooperation
involving the MPS remain to be analyzed.

In this review, we describe the impact of HCV in-
fection on each population of the MPS. As a precursor
of DCs and macrophages, monocytes are the major
contributors to the regulation of the immune system
following HCV infection. Monocytes produce high levels
of IL-10 and low levels of IL-12, which leads to a blunted
microenvironment. On the other hand, DCs demonstrate
an impaired ability to stimulate T cells that inhibit effi-
cient anti-HCV T-cell function. As tissue-resident cells,
macrophages are tightly associated with HCV-induced
inflammation and cirrhosis.
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Abstract

Surgical innovation and pioneering are important for
improving patient outcome, but can be associated with
learning curves. Although learning curves in surgery are
a recognized problem, the impact of surgical learning
curves is increasing, due to increasing complexity of
innovative surgical procedures, the rapid rate at which
new interventions are implemented and a decrease in
relative effectiveness of new interventions compared to
old interventions. For minimally invasive esophagectomy
(MIE), there is now robust evidence that implementation
can lead to significant learning associated morbidity
(morbidity during a learning curve, that could have been
avoided if patients were operated by surgeons that have
completed the learning curve). This article provides an
overview of the evidence of the impact of learning curves
after implementation of MIE. In addition, caveats for
implementation and available evidence regarding factors
that are important for safe implementation and safe
pioneering of MIE are discussed.

Key words: Minimally invasive esophagectomy; Learning
curve; Pioneering; Safe implementation; Proficiency gain
curve

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Surgical innovation and pioneering are im-
portant for improving patient outcome, but can be as-
sociated with learning curves. The impact of surgical
learning curves is increasing, due to increasing comple-
xity of innovative surgical procedures and the rapid rate
at which new interventions are implemented. Learning
curves of minimally invasive esophagectomy can take
years to complete and evidence based training and safe
implementation programs are paramount to decrease
implementation associated morbidity.

van Workum F, Fransen L, Luyer MDP, Rosman C. Learning
curves in minimally invasive esophagectomy. World J Gastroenterol
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INTRODUCTION

A surgical learning curve is a phase after implementation
of a new procedure, that is characterized by improving
performance as experience with the new procedure
increases'?, Learning curves were first described in
aviation and manufacturing science®. but it has become
a widely used concept in medicine and surgery!**.,
Although surgical innovation is necessary to improve
care, it is important to take surgical learning curves into
account since they have been associated with a nega-
tive impact on patient outcome®®®,

An emerging problem of ongoing surgical innovation
Surgeons are aware of the existence of learning curves,
the beneficial effects of “learning before doing” and the
importance of safely implementing new surgical pro-
cedures. However, ongoing surgical innovation is presen-
ting new challenges regarding surgical learning curves,
since new interventions are associated with increasing
surgical complexity and decreasing relative effectiveness
compared to older procedures.

For example, when the tension-free mesh repair
was introduced for inguinal hernias, this lead to a drama-
tically lower incidence of hernia recurrence compared to
conventional non-mesh repairs™'®. The large difference
in relative effectiveness and the limited complexity (asso-
ciated with short learning curves) of tension-free mesh
repair surgery contributed to making the learning curve
insignificant for this procedure (Figure 1A). However,
surgical procedures that are currently implemented are
of a higher complexity™'", are associated with longer
learning curves, and the new procedures have a much
lower relative effectiveness benefit compared to the old
procedures (Figure 1B). For example, trials comparing
laparoscopic vs open gastrointestinal procedures have
shown more modest improvements in outcome for pa-
tients'*>** and the difference in relative effectiveness is
even smaller in trials comparing robotic vs laparoscopic
procedurest™,

These developments have contributed to the situ-
ation in which the clinical effectiveness of a new surgical
procedure has become more dependent on the delivery
of the treatment. In addition, new interventions are
implemented at an increasing rate, driven by the pa-
tient’s increasing expectation to be operated by the
newest, most technically challenging, minimally invasive
procedures™, Together, these factors have contributed
to the situation in which learning curves have become
more important in contemporary surgical practice. The
impact of learning curves is likely to become even more
significant for patient outcome in the near future, as sur-
gical innovation progresses further. Although surgeons
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are always searching for the best way to treat their
patients and innovation is needed to further improve
surgical care, implementation of technically challenging
procedures may come at a price.

LEARNING CURVES OF MINIMALLY
INVASIVE ESOPHAGECTOMY

For esophagectomy, beneficial effects of minimally inva-
sive surgery have been well documented™****¢!, How-
ever, extensive learning curve effects of minimally inva-
sive esophagectomy(MIE) have also been described.
Earlier MIE learning curve studies have focused on
outcome parameters directly related to the procedure
itself, such as blood loss and operative time!’’**!. More
recently however, the effect of learning curves on clini-
cally relevant outcome measures has been established
for anastomotic leakage™, mortality™, and survival'”’.
Learning associated morbidity (morbidity during a lear-
ning curve, that could have been avoided if patients
were operated by surgeons that have completed the
learning curve)® is now a recognized problem, since
there is accumulating data that learning curves have
significant impact on critical outcome parameters. Des-
pite beneficial results of MIE compared to older tech-
niques, this implicates that there is significant room for
improvement regarding patient safety during surgical
learning curves. However, it can take years to become
proficient in MIE with low postoperative morbidity and
possibly the impact of learning associated morbidity is
greater than the direct benefit of MIE compared to open
esophagectomy during the learning curve phase!®®"=*4,
This puts the effectiveness of recent innovations into
perspective and exposes the importance of ensuring
safety during learning curves. In addition, the evidence
of the impact of learning curves and learning associated
morbidity comes with the opportunity and obligation to
determine what factors contribute to safer implemen-
tation and to investigate how to shorten the learning
curve and decrease learning associated morbidity. It
might be hypothesized that this type of research is
more beneficial to patients than research into new in-
novations in the current time.

Another important consideration is that it is plausible
that various types of MIE with different levels of com-
plexity (i.e., transhiatal, transthoracic with cervical
anastomosis and transthoracic with intrathoracic ana-
stomosis), have different learning curves. Although
these differences have not been exposed clearly in
studies, it is likely that they result in differences in lear-
ning associated morbidity. This may also be true for
hybrid MIE, in which either the thoracic or abdominal
phase is performed by open surgery. For example, by
performing an open intrathoracic anastomosis instead
of a thoracoscopic anastomosis, a surgeon can omit per-
forming the most important and complex part of the pro-
cedure in a technically more demanding, thoracoscopic
fashion. This may shorten the learning curve and reduce
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Figure 1 Scenarios in which the differences in the impact that learning curves can have on the effectiveness of an innovative intervention is described.
A: Learning curves can be neglected in case of a short learning curve and large difference in relative effectiveness between the regular technique and the innovative
technique. B: If the learning curve of an innovative technique is substantial and the difference in relative effectiveness is small, learning curves can have a large

impact on when an innovative technique becomes effective.

learning associated morbidity, but no studies have
been published that support this hypothesis. Together
with data from studies comparing the effectiveness
of different approaches of MIE, data on differences
in learning curves can be used by clinicians to decide
which approach is best to implement in their practice.

SAFE IMPLEMENTATION PROGRAMS

Implementation of increasingly complex innovative
procedures require increasingly effective and safe imple-
mentation programs to prevent learning associated
morbidity. Standardized training programs have been
described to be effective for surgical procedures® 2,
Although the implementation of a new, technically chal-
lenging surgical procedure probably requires a multi-
disciplinary and multifaceted approach, there is currently
very little robust evidence on how an implementation
program should be designed and what factors make
them effective™. In addition, the effectiveness of in-
terventions aimed at safer implementation has not
been adequately compared to implementation without
these interventions. For example, proctorship is widely
used to shorten the learning curve and ensure safe im-
plementation of a new technique, but to the best of our
knowledge, it's effectiveness has not been compared to
implementation without a proctor.

Research that focuses on identification of factors that
are associated with shorter learning curves and lower
learning associated morbidity is important. Recently, we
investigated whether surgeon age and surgeon volume
were associated with the length of learning curves in
patients undergoing open esophagectomy using a Swe-
dish national esophagectomy registry™®®. In this study,
younger surgeons and higher volume surgeons had
shorter learning curves compared to older surgeons
and lower volume surgeons. Although this study has its
limitations, this is the first evidence that suggests that
selecting surgeons and training them in high volume
facilities may be beneficial to patients and enable safer
implementation.
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Safe implementation of MIE

For MIE, fundamental items of a safe implementation
program have been established by expert opinion™,
However, although all fundamental requirements of safe
implementation were met, our group of 4 European
expert centers found a significant learning curve effect
after implementation of MIE: anastomotic leakage
decreased from 28.9% to well below 5%?®. Thirty-
six patients (10.1% of all patients operated during the
learning curve that took a mean of 119 cases to com-
plete) experienced learning associated anastomotic lea-
kage. The fact that significant learning associated ana-
stomotic leakage occurred underlines the need for more
research regarding safe implementation.

However, these data should be interpreted with care.
Although learning associated morbidity was high in this
study, centers switched anastomotic techniques from
a cervical anastomosis (McKeown) to an intrathoracic
anastomosis (Ivor Lewis) and the incidence of ana-
stomotic leakage did not change initially, since it was
already higher in patients with a cervical anastomosis.
Therefore, it did not seem unethical to proceed with
implementation of Ivor Lewis TMIE in these centers at
that time. These data also show that innovation can
ultimately be associated with a favorable outcome,
since the national incidence of intrathoracic anastomotic
leakage was around 17% in the Netherlands at the
time the study was performed®. In our opinion, some
learning associated morbidity is inevitable and in ge-
neral, this can be justified if morbidity during learning
curves does not exceed the morbidity associated with
the old procedure. However, shortening learning curves
and reducing learning associated morbidity remain
important goals that can be beneficial to a significant
number of patients.

PIONEERING

For surgeons, pioneering with new procedures, proper
training of the surgical team prior to implementation
of a new procedure may not be possible. Pioneering
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surgeons should describe the development and refine-
ment of new procedures according to the Idea, Devel-
opment, Exploration, Assessment, Long-term moni-
toring (IDEAL) framework™”\. According to the IDEAL
framework, surgical innovation starts with the Idea
(IDEAL stage I ) in which proof of concept and feasibility
are investigated. In the Development (IDEAL stage
ITa) and Exploration (IDEAL stage IIb) stages, the
procedure is developed and refined. Innovations are
compared to old techniques in the Assessment (IDEAL
stage 3) and Long-term study (IDEAL stage IV) phases
regarding short- and long-term outcome. IDEAL stage
I and IV are further characterized by a stable surgical
technigue and the development of standardized training
programs that can be followed by other surgeons. It
is plausible that surgeons that start pioneering new
techniques (i.e. implement innovations in IDEAL stage
ITa or Ib) have longer learning curves that are asso-
ciated with more learning associated morbidity than
surgeons that implement innovations after the surgical
technigue has been refined.

However, it is currently not uncommon for contem-
porary surgeons to implement surgical procedures in
IDEAL stage Ila or IIb. The patient’s desire to be operated
by the newest procedures and the surgeon’s desire to
offer the newest surgical innovations may contribute
to a surgeon’s decision to pioneer with procedures of
which it has not yet been determined how to optimally
perform key steps or to implement procedures of which
the relative effectiveness has not been established
adequately and no standardized training programs
exist.

Although pioneering surgeons are the cornerstone
of surgical progress and their innovations have led to be-
neficial outcomes for numerous patients, it has become
apparent that pioneering with technically challenging
procedures can be hazardous. Although currently no
guidelines exist, pioneering should probably be reserved
for the absolute experts in the field with extensive ex-
perience of similar procedures. A solid outcome regis-
tration and regular multidisciplinary outcome meetings
in which the results and refinements of the new proce-
dure are discussed may contribute to safer pioneering,
but consensus is lacking.

CONCLUSION

Although surgical innovation is important in improving
patient outcome, the problem of learning curves and
learning associated morbidity is increasing with ongoing
surgical innovation and increasing complexity of newly
implemented procedures. More insight in amendable
factors determining the efficiency of surgical learning
and safe implementation programs may increase pa-
tient safety and lead to better outcomes in the current
surgical era.

REFERENCES

1 Hopper AN, Jamison MH, Lewis WG. Learning curves in surgical

JBaishideng® W]G I WWW.ngnet.COm

10

11

12

13

14

15

16

van Workum F et a/. Learning curves in MIE

practice. Postgrad Med J 2007; 83: 777-779 [PMID: 18057179 DOI:
10.1136/pgm;j.2007.057190]

Ramsay CR, Grant AM, Wallace SA, Garthwaite PH, Monk AF,
Russell IT. Assessment of the learning curve in health technologies.
A systematic review. Int J Technol Assess Health Care 2000; 16:
1095-1108 [PMID: 11155830 DOI: 10.1017/S0266462300103149]
Wright TP. Factors affecting the cost of airplanes. J Aeronaut Sci
1936; 3: 122-128 [DOI: 10.2514/8.155]

Harrysson 1J, Cook J, Sirimanna P, Feldman LS, Darzi A, Aggarwal
R. Systematic review of learning curves for minimally invasive
abdominal surgery: a review of the methodology of data collection,
depiction of outcomes, and statistical analysis. Ann Surg 2014; 260:
37-45 [PMID: 24670849 DOI: 10.1097/SLA.0000000000000596]
Khan N, Abboudi H, Khan MS, Dasgupta P, Ahmed K. Measuring
the surgical ‘learning curve’: methods, variables and competency.
BJU Int 2014; 113: 504-508 [PMID: 23819461 DOI: 10.1111/
bju.12197]

Mackenzie H, Markar SR, Askari A, Ni M, Faiz O, Hanna
GB. National proficiency-gain curves for minimally invasive
gastrointestinal cancer surgery. Br J Surg 2016; 103: 88-96 [PMID:
26578089 DOI: 10.1002/bjs.9963]

Markar SR, Mackenzie H, Lagergren P, Hanna GB, Lagergren J.
Surgical Proficiency Gain and Survival After Esophagectomy for
Cancer. J Clin Oncol 2016; 34: 1528-1536 [PMID: 26951311 DOI:
10.1200/JC0O.2015.65.2875]

van Workum F, Stenstra MHBC, Berkelmans GHK, Slaman AE,
van Berge Henegouwen MI, Gisbertz SS, van den Wildenberg FJH,
Polat F, Irino T, Nilsson M, Nieuwenhuijzen GAP, Luyer MD,
Adang EM, Hannink G, Rovers MM, Rosman C. Learning Curve
and Associated Morbidity of Minimally Invasive Esophagectomy: A
Retrospective Multicenter Study. Ann Surg 2017 Epub ahead of print
[PMID: 28857809 DOI: 10.1097/SLA.0000000000002469]
Lichtenstein IL, Shulman AG, Amid PK, Montllor MM. The
tension-free hernioplasty. 4m J Surg 1989; 157: 188-193 [PMID:
2916733 DOI: 10.1016/0002-9610(89)90526-6]

EU Hernia Trialists Collaboration. Mesh compared with non-
mesh methods of open groin hernia repair: systematic review of
randomized controlled trials. Br J Surg 2000; 87: 854-859 [PMID:
10931018 DOI: 10.1046/j.1365-2168.2000.01539.x]

Dankelman J. Increasing complexity of medical technology
and consequences for training and for outcome of care. Accessed
August 24, 2018 Available from: URL: http://apps.who.int/iris/
handle/10665/70455

Veldkamp R, Kuhry E, Hop WC, Jeekel J, Kazemier G, Bonjer
HJ, Haglind E, Pdhlman L, Cuesta MA, Msika S, Morino M,
Lacy AM; COlon cancer Laparoscopic or Open Resection Study
Group (COLOR). Laparoscopic surgery versus open surgery
for colon cancer: short-term outcomes of a randomised trial.
Lancet Oncol 2005; 6: 477-484 [PMID: 15992696 DOI: 10.1016/
S1470-2045(05)70221-7]

Biere SS, van Berge Henegouwen MI, Maas KW, Bonavina L,
Rosman C, Garcia JR, Gisbertz SS, Klinkenbijl JH, Hollmann MW,
de Lange ES, Bonjer HJ, van der Peet DL, Cuesta MA. Minimally
invasive versus open oesophagectomy for patients with oesophageal
cancer: a multicentre, open-label, randomised controlled trial.
Lancet 2012; 379: 1887-1892 [PMID: 22552194 DOI: 10.1016/
S0140-6736(12)60516-9]

Mariette M, Meunier B, Pezet, Dalban C, Collet D, Thomas PA,
Brigand C, Pemiceni T, Carrere N, Bonnetain F, Piessen G. Hybrid
minimally invasive versus open oesophagectomy for patients with
oesophageal cancer: A multicenter, open-label, randomized phase I1I
controlled trial, the MIRO trial. J Clin Oncol 2015; 3 Suppl3: AbstrS
[DOI: 10.1200/jc0.2015.33.3_suppl.5]

Roh HF, Nam SH, Kim JM. Robot-assisted laparoscopic surgery
versus conventional laparoscopic surgery in randomized controlled
trials: A systematic review and meta-analysis. PLoS One 2018; 13:
¢0191628 [PMID: 29360840 DOI: 10.1371/journal.pone.0191628]
Straatman J, van der Wielen N, Cuesta MA, Daams F, Roig Garcia
J, Bonavina L, Rosman C, van Berge Henegouwen MI, Gisbertz
SS, van der Peet DL. Minimally Invasive Versus Open Esophageal
Resection: Three-year Follow-up of the Previously Reported
Randomized Controlled Trial: the TIME Trial. Ann Surg 2017; 266:

November 28, 2018 | Volume 24 | Issue 44 |



17

18

19

20

21

22

JBaishideng®

van Workum F et a/. Learning curves in MIE

232-236 [PMID: 28187044 DOI: 10.1097/SLA.0000000000002171]
Guo W, Zou YB, Ma Z, Niu HJ, Jiang YG, Zhao YP, Gong
TQ, Wang RW. One surgeon’s learning curve for video-assisted
thoracoscopic esophagectomy for esophageal cancer with the patient
in lateral position: how many cases are needed to reach competence?
Surg Endosc 2013; 27: 1346-1352 [PMID: 23093242 DOI: 10.1007/
500464-012-2614-8]

Lin J, Kang M, Chen C, Lin R, Zheng W, Zhug Y, Deng F, Chen
S. Thoracolaparoscopy oesophagectomy and extensive two-field
lymphadenectomy for oesophageal cancer: introduction and teaching
of a new technique in a high-volume centre. Eur J Cardiothorac
Surg 2013; 43: 115-121 [PMID: 22518035 DOI: 10.1093/ejcts/
ezs151]

Mu JW, Gao SG, Xue Q, Mao YS, Wang DL, Zhao J, Gao YS,
Huang JF, He J. Updated experiences with minimally invasive
McKeown esophagectomy for esophageal cancer. World J
Gastroenterol 2015; 21: 12873-12881 [PMID: 26668512 DOI:
10.3748/wjg.v21.i45.12873]

Fleshman J, Marcello P, Stamos MJ, Wexner SD; American Society
of Colon and Rectal Surgeons (ASCRS); Society of American
Gastrointestinal and Endoscopic Surgeons (SAGES). Focus Group
on Laparoscopic Colectomy Education as endorsed by The American
Society of Colon and Rectal Surgeons (ASCRS) and The Society of
American Gastrointestinal and Endoscopic Surgeons (SAGES). Dis
Colon Rectum 2006; 49: 945-949 [PMID: 16649114 DOI: 10.1007/
$10350-006-0559-5]

Schout BM, Hendrikx AJ, Scherpbier AJ, Bemelmans BL. Update
on training models in endourology: a qualitative systematic
review of the literature between January 1980 and April 2008.
Eur Urol 2008; 54: 1247-1261 [PMID: 18597924 DOI: 10.1016/
j-eururo.2008.06.036]

Larsen CR, Soerensen JL, Grantcharov TP, Dalsgaard T,
Schouenborg L, Ottosen C, Schroeder TV, Ottesen BS. Effect
of virtual reality training on laparoscopic surgery: randomised
controlled trial. BMJ 2009; 338: b1802 [PMID: 19443914 DOI:
10.1136/bmj.b1802]

WJG | www.wjgnet.com

23

24

25

26

27

4978

Harris C, Garrubba M, Allen K, King R, Kelly C, Thiagarajan M,
Castleman B, Ramsey W, Farjou D. Development, implementation
and evaluation of an evidence-based program for introduction of
new health technologies and clinical practices in a local healthcare
setting. BMC Health Serv Res 2015; 15: 575 [PMID: 26707549
DOI: 10.1186/s12913-015-1178-4]

Gottlieb-Vedi E, Mackenzie H, van Workum F, Rosman C,
Lagergren P, Markar S, Lagergren J. Surgeon Volume and Surgeon
Age in Relation to Proficiency Gain Curves for Prognosis Following
Surgery for Esophageal Cancer. Ann Surg Oncol 2018; Epub ahead
of print [PMID: 30324469 DOI: 10.1245/510434-018-6869-8]
Visser E, van Rossum PSN, van Veer H, Al-Naimi K, Chaudry MA,
Cuesta MA, Gisbertz SS, Gutschow CA, Holscher AH, Luyer MDP,
Mariette C, Moorthy K, Nieuwenhuijzen GAP, Nilsson M, Résénen
JV, Schneider PM, Schroder W, Cheong E, van Hillegersberg R. A
structured training program for minimally invasive esophagectomy
for esophageal cancer- a Delphi consensus study in Europe. Dis
Esophagus 2018; 31 [PMID: 29121243 DOI: 10.1093/dote/dox124]
Gooszen JAH, Goense L, Gisbertz SS, Ruurda JP, van
Hillegersberg R, van Berge Henegouwen MI. Intrathoracic versus
cervical anastomosis and predictors of anastomotic leakage after
oesophagectomy for cancer. Br J Surg 2018; 105: 552-560 [PMID:
29412450 DOI: 10.1002/bjs.10728]

McCulloch P, Altman DG, Campbell WB, Flum DR, Glasziou P,
Marshall JC, Nicholl J; Balliol Collaboration, Aronson JK, Barkun
JS, Blazeby JM, Boutron IC, Campbell WB, Clavien PA, Cook JA,
Ergina PL, Feldman LS, Flum DR, Maddern GJ, Nicholl J, Reeves
BC, Seiler CM, Strasberg SM, Meakins JL, Ashby D, Black N,
Bunker J, Burton M, Campbell M, Chalkidou K, Chalmers I, de
Leval M, Deeks J, Ergina PL, Grant A, Gray M, Greenhalgh R,
Jenicek M, Kehoe S, Lilford R, Littlejohns P, Loke Y, Madhock
R, McPherson K, Meakins J, Rothwell P, Summerskill B, Taggart
D, Tekkis P, Thompson M, Treasure T, Trohler U, Vandenbroucke
J. No surgical innovation without evaluation: the IDEAL
recommendations. Lancet 2009; 374: 1105-1112 [PMID: 19782876
DOI: 10.1016/S0140-6736(09)61116-8]

P- Reviewer: Wang Y, Watson DI  S- Editor: Ma RY L- Editor: A

E- Editor: Yin SY

November 28, 2018 | Volume 24 | Issue 44 |



W J

World Journal of
Gastroenterology

Submit a Manuscript: http:/ /www.f6publishing.com

DOI: 10.3748 / wijg.v24.i44.4979

World | Gastroenterol 2018 November 28; 24(44): 4979-4988

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

MINIREVIEWS

Glutathione depleting drugs, antioxidants and intestinal

calcium absorption

Luciana Moine, Maria Rivoira, Gabriela Diaz de Barboza, Adriana Pérez, Nori Tolosa de Talamoni

Luciana Moine, Maria Rivoira, Gabriela Diaz de Barboza,
Adriana Pérez, Nori Tolosa de Talamoni, Laboratorio “Dr.
Fernando Canas”, Catedra de Bioquimica y Biologia Molecular,
Facultad de Ciencias Médicas, INICSA (CONICET-Universidad
Nacional de Cordoba), Cordoba 5000, Argentina

ORCID number: Luciana Moine (0000-0002-0350-8956); Maria
Rivoira (0000-0002-7316-1564); Gabriela Diaz de Barboza
(0000-0003-0617-8005); Adriana Pérez (0000-0002-5415-3139);
Nori Tolosa de Talamoni (0000-0001-5570-2024).

Author contributions: Moine L, Rivoira M, Diaz de Barboza G,
Pérez A and Tolosa de Talamoni NT participated in information
collection, analysis, information organization, writing, figure
design, and final editing.

Conflict-of-interest statement: No conflicts of interest, financial
or otherwise, are declared by the authors.

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

Corresponding author to: Nori Tolosa de Talamoni, PhD,
Professor, Laboratorio “Dr. Fernando Cafias”, Catedra de
Bioquimica y Biologia Molecular, Facultad de Ciencias Médicas,
INICSA (CONICET-Universidad Nacional de Cérdoba), Pabellon
Argentina, 2do. Piso, Ciudad Universitaria, Cordoba 5000,
Argentina. ntolosa@biomed.fcm.unc.edu.ar

Telephone: +54-351-4333024

Received: August 28, 2018
Peer-review started: August 28, 2018
First decision: October 9, 2018
Revised: October 24, 2018

Accepted: Novmeber 2, 2018

Baishidenge ~ WJG | www.wjgnet.com

Article in press: Novmeber 2, 2018
Published online: November 28, 2018

Abstract

Glutathione (GSH) is a tripeptide that constitutes one of
the main intracellular reducing compounds. The normal
content of GSH in the intestine is essential to optimize
the intestinal Ca** absorption. The use of GSH depleting
drugs such as DL-buthionine-S,R-sulfoximine, menadione
or vitamin Ks, sodium deoxycholate or diets enriched in
fructose, which induce several features of the metabolic
syndrome, produce inhibition of the intestinal Ca** ab-
sorption. The GSH depleting drugs switch the redox
state towards an oxidant condition provoking oxida-
tive/nitrosative stress and inflammation, which lead to
apoptosis and/or autophagy of the enterocytes. Either
the transcellular Ca** transport or the paracellular Ca**
route are altered by GSH depleting drugs. The gene
and/or protein expression of transporters involved in the
transcellular Ca®* pathway are decreased. The flavonoids
quercetin and naringin highly abrogate the inhibition of
intestinal Ca®* absorption, not only by restoration of the
GSH levels in the intestine but also by their anti-apoptotic
properties. Ursodeoxycholic acid, melatonin and glutamine
also block the inhibition of Ca** transport caused by GSH
depleting drugs. The use of any of these antioxidants to
ameliorate the intestinal Ca** absorption under oxidant
conditions associated with different pathologies in humans
requires more investigation with regards to the safety,
pharmacokinetics and pharmacodynamics of them.

Key words: Glutathione; Transcellular and paracellular
Ca’*pathways; DL-buthionine-S,R-sulfoximine; Fructose

rich diet; Menadione; Sodium deoxycholate; Glutamine;
Ursodeoxycholic acid; Melatonin; Quercetin; Naringin
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Core tip: The normal content of glutathione (GSH) in
the intestine is essential to optimize the intestinal Ca*
absorption. The use of GSH depleting drugs such as DL-
buthionine-S,R-sulfoximine, menadione or vitamin Kj,
sodium deoxycholate or diets enriched in fructose, which
induce several features of the metabolic syndrome, pro-
duce inhibition of the intestinal Ca>* absorption. The flavo-
noids quercetin and naringin highly abrogate the inhibition
of intestinal Ca** absorption, not only by restoration of the
GSH levels in the intestine but also by their anti-apoptotic
properties. Ursodeoxycholic acid, melatonin and glutamine
also block the inhibition of Ca®* transport caused by GSH
depleting drugs.

Moine L, Rivoira M, Diaz de Barboza G, Pérez A, Tolosa de
Talamoni N. Glutathione depleting drugs, antioxidants and
intestinal calcium absorption. World J Gastroenterol 2018;
24(44): 4979-4988 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i44/4979.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.144.4979

INTRODUCTION

Ca** absorption is one of the most important intestinal
functions since the intestine is the only entrance gate
of the cation into the body. This physiological process
together with the renal Ca®" reabsorption and the bone
Ca®' resorption maintain the Ca®* homeostasis. An ap-
propriate Ca>* homeostasis preserves bone integrity,
metabolic balance and avoids epithelial cancers such as
breast, colon and prostate cancer™™, A poor intestine
absorption caused by infection, inflammation or a pa-
thology in the intestine morphology may cause an ad-
verse Ca”* balance™, which under chronic conditions
leads to a deleterious bone mineralization. The intestinal
Ca”* absorption occurs along the entire intestine, but the
small intestine is responsible for about 90% of overall
Ca®* absorption, and the order of Ca** absorption rate
is duodenum > jejunum > ileum. The colon is only re-
sponsible for less than 10% of the total Ca®* absorbed,
but it appears to become important under pathological
conditions™.

Ca** is absorbed in the intestine by active and
passive transport systems. The transcellular Ca®" ab-
sorption is an active process and occurs via cation
influx into the enterocyte, intracellular shuttling, and
basolateral extrusion®, Ca®* absorption can also occur
via a passive, paracellular route, where the movement
of the cation between epithelial cells is made through
tight junction (TJ) proteins, which facilitate or block the
Ca** movement”. The active transport of Ca** is mainly
regulated by the biologically active form of vitamin D,
1,25(0H)2Ds (calcitriol)®®, by previous activation of a
vitamin D receptor (VDR)®. When VDR was deleted
specifically in the intestine (VDR™) of mice, the intestinal
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Ca”* absorption was decreased, the bone mineralization
is inhibited and bone fractures were increased™®. Thus,
intestinal VDR is not only essential for intestinal Ca®*
absorption, but also for bone formation.

As previously reported, the transcellular Ca** move-
ment involves the participation of transient receptor
potential vanilloid type 6 (TRPV6) and transient receptor
potential vanilloid type 5 in the step across the brush
border membrane from enterocytes, calbindin Dsx (CB
Dsk) as a ferry from one pole to the other pole of the cells
and the plasma membrane Ca’*-ATPase (PMCAmw) and
the Na*/Ca®* exchanger (NCX1) for cation extrusion™".
The molecules involved in the paracellular Ca** move-
ment are not completely known, but there is certain evi-
dence that the proteins of the TJ such as claudin-2 and
claudin-12 facilitate the Ca®* transport™>**., In contrast,
either gene or protein expression of cadherin-17 are
decreased in mice’s and rat’s intestines during low Ca
intake™, as well as in Caco-2 cells after treatment with
calcitriol™',

When Ca®' intake is low, the cation entry occurs
through the transcellular pathway; whereas high luminal
Ca”" content (> 2-6 mmol/L) switches on the paracellular
route due to a short sojourn time in the intestine and a
down-regulation of molecules involved in the transcellular
pathway!'®'"), The expression of paracellular T genes
seems to be regulated by the calbindin protein, which
suggests that the active and passive Ca®* transport path-
ways may work cooperatively!'®. A reduction in more
than 70% in the active intestinal Ca** absorption, 55%
in CB Do« expression and 90% in TRPV6 expression was
observed in VDR null mice™.

Although calcitriol is the main regulator of intestinal
Ca”* absorption, other hormones also contribute to alte-
ring this process as parathyroid hormone, glucocorticoids,
estrogen, growth hormone, etc. In addition, many
dietary and pharmacological compounds also modify
the intestinal Ca®* transport®. We have demonstrated
that the normal content of the tripeptide glutathione
(GSH) in enterocytes is essential for an optimal intestinal
Ca”* absorption, which was proved either in birds or in
mammals®??!, GSH depletion produced by different
ways generates a low GSH/glutathione disulfide (GSSG)
ratio leading to oxidative stress and apoptosis of entero-
cytes by exacerbation of reactive oxygen species (ROS)
production™!. Clausen et a/** have reported that GSH
plays an important role in the opening of the TJ of intes-
tinal epithelia enhancing the paracellular transport. In this
review we will analyze the role of GSH in the intestine,
the molecular mechanisms by which GSH depleting
drugs inhibit the intestinal Ca®* absorption and the
prevention or restoration of these effects by drugs that
act through normalization of intestinal GSH content.

GSH SYNTHESIS AND ITS
PHYSIOLOGICAL ROLE IN THE INTESTINE

The intestinal mucosa comprises the surface monolayer
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of self-renewing epithelial cells and the lamina propria
with the vascular, immune and structural components'?®.
In the small intestine there are invaginations called crypts
of Lieberkuhn and prominences into the lumen called villi
with differentiated cells. The crypts contain proliferative
stem cells and Paneth cells responsible for the innate
immunity and antibacterial defense and for providing
essential signals to intestinal stem cells. The intestinal
epithelium is a single heterogeneous layer of different
cells: enterocytes (80% of total cells), enteroendocrine
cells (1% of all epithelial cells), Goblet cells (4% in
duodenum, secretory cells) and tuft cells (secretory cell
type). They originate in the crypts, migrate toward the
villi during differentiation and then suffer spontaneous
apoptosis and shedding when reaching the villus tip
after terminal differentiation'®®’. Only enterocytes are
involved in the Ca®" transport from the intestinal lumen
to the lamina propria. Although Ca* uptake occurs in all
enterocytes, the mature cells from the tip and the middle
part of the villi are mainly involved in the transcellular
Ca®" movement. Ca®" uptake is stimulated by calcitriol
or low Ca diets either in the mature enterocytes or in
the undifferentiated cells from the crypt, but the most
differentiated cells exhibit a higher response. The
GSH content in the intestine is in the millimolar range
as occurs in other cells®®!; however, the tripeptide con-
centration varies according to the degree of maturation
of cells. Surprisingly, mature enterocytes have lower GSH
content than the immature cells®®. GSH exists as the
biologically active reduced-thiol form, and its oxidation
to GSSG is associated with oxidative stress (OS). The
GSH/GSSG ratio is around 100/1; when GSSG increases,
this ratio decreases causing an oxidative shift in the
cellular redox state®V. Intestinal GSH redox homeostasis
is maintained by de novo synthesis’®*?, regeneration from
GSSGP*! and GSH uptake that derives from the dietary
intake and mainly from the biliary output because the
bile is enriched in GSH (1-2 mmol/L)®**, The dietary
GSH comes from fresh fruits, vegetables, and many
types of meat, but the luminal GSH is lower (250 umol/L
in rats) than that from the intracellular compartment®.
In the enterocytes and in the proximal tubular cells from
kidney, the enzyme y-glutamyl transpeptidase plays an
important role in GSH homeostasis. It is located in the
outer surface of plasma membranes of epithelial cells
and cleaves the extracellular GSH to glutamate and
cysteinyl-glycine, which is subsequently hydrolyzed by a
dipeptidase to yield the constituent amino acids’®”.. The
biosynthesis of GSH occurs in the cytosolic compartment
through two consecutive adenosine triphosphate (ATP)-
dependent reactions. First, the glutamate cysteine ligase
(GCL) catalyzes the formation of a dipeptide constituted
by glutamate and cysteine, and then the GSH synthetase
catalyzes the addition of glycine to form GSH™®, the
former being the rate-limiting step. GCL has a catalytic
subunit and a modulatory subunit. The control of GCL
function is regulated at transcriptional levels of both
subunits and through product feedback™”. The y-glutamyl
cycle comprises the enzymatic reactions involved in the

Baishidenge ~ WJG | www.wjgnet.com

Moine L et a/. Glutathione and intestinal Ca?* absorption

intracellular GSH synthesis and the extracellular GSH
degradation, which could be considered as a mechanism
to preserve cellular GSH homeostasis in transport epi-
thelial cells. The reduction of GSSG by glutathione
reductase (GR) to form GSH depends on the supply of
the reductant nicotinamide adenine dinucleotide phos-
phate, which is provided by the pentose phosphate
shunt*®, The redox couple GSH/GSSG assures a redox
environment that allows the maintenance of the gut
microbiota, the adequate nutrient absorption, the re-
versal of oxidant-induced epithelium damage and the
modulation of intestinal cell transformation and apop-
tosis™!, The regulation of the GSH metabolism by the
gut microbiota in mice has also been suggested™”, but
it needs further investigation. GSH from the intestinal
lumen plays different important roles such as reduction
of dietary disulfides, detoxification of xenobiotics, meta-
bolism of peroxidized lipids and maintenance of the
mucus fluidity™®?**!], Tsunada et af** have shown that
chronic administration of lipid peroxides interferes with
the regulation of enterocyte death and proliferation in
vivo; these disruptive effects were reversed by GSH
supplementation after normalization of GSH/GSSG redox
balance (Figure 1).

Intracellular GSH is distributed in different com-
partments. Cytosolic GSH is the source of GSH pool of
the mitochondria, endoplasmic reticulum and nucleus.
The GSH/GSSG ratio in the cytoplasm varies between
30/1 to 100/1, whereas in the endoplasmic reticulum
(ER) is between 3/1 and 1/1, which indicates that in
ER the system GSH/GSSH is more oxidized than that
from the cytoplasm. The steady-state redox potential of
the GSH/GSSG system is about -330 mmol/L to -300
mmol/L in the mitochondrial matrix and -260 mmol/L to
-200 mmol/L in the cytoplasm. The endoplasmic reticular
GSH/GSSG redox potential is about -150 mmol/L, which
is in midway between cytoplasmic and plasma values'™.
The nuclear GSH/GSSG redox potential remains un-
known but there is certain evidence that it can be
somewhat more reducing than that from the cytoplasm.
Proliferative cells have more negative steaty-state redox
potential and differentiated cells have more positive
cells and cells undergoing apoptosis and necrosis have
a more oxidized steady-state potential (around -170
mmol/L to -150 mmol/L)*?. In other words, the cellular
compartments have different GSH/GSSG ratios, and the
life cell cycle is also associated with different thiol redox
potentials, which can alter the cellular functions. Since
enterocytes show different degrees of differentiation and
then suffer apoptosis and shedding in a range of 4-7 d,
the redox potential of GSH/GSSG couple must change
quite rapidly in order to facilitate the variety of functions
of those cells during the lifespan.

GSH DEPLETION AND THE INTESTINAL
CALCIUM ABSORPTION

Many years ago, Martensson et al*®' demonstrated that
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Figure 1 Intestinal glutathione metabolism. The y-glutamyl cycle comprises the enzymatic reactions involved in the extracellular glutathione (GSH) degradation
and the intracellular GSH synthesis: The enzymes vy-glutamyl transpeptidase and dipeptidase, localized in plasma membrane of enterocytes, cleave the extracellular
GSH to their constituent amino acids. Within the enterocytes the GSH is synthesized de novo by two reactions that consume adenosine triphosphate that are
catalyzed by glutamate cysteine ligase and glutathione synthetase, sequentially. In the redox couple that ensures the maintenance of the cellular redox state
participates the enzymes glutathione peroxidase and glutathione reductase. GSH: Glutathione; GSSG: Glutathione disulfide; GGT: y-glutamyl transpeptidase; GCL:
Glutamate cysteine ligase; GS: Glutathione synthetase; GR: Glutathione reductase; GPX: Glutathione peroxidase; DP: Dipeptidase.

GSH was required for intestinal function. They observed
that chronic depletion of mucosal GSH by buthionine
sulfoximine (BSO), a specific inhibitor of GCL™”, caused
severe degeneration of epithelial cells from jejunum
and colon, which was prevented by oral GSH or GSH
monoester. We have shown that BSO alters the Ca**
transfer from intestinal lumen-to-blood in vitamin D
supplemented chicks but does not affect that of vitamin
D-deficient chicks, which indicate that the effects of
BSO on intestinal Ca** absorption were dependent on
the vitamin D status of the animal. The reversibility of
this inhibition was proved by adding GSH monoester,
an indication that intestinal GSH is essential to have an
optimal intestinal Ca** absorption'?!. At that time, the
molecular mechanisms involved in the effect of BSO
on the intestinal Ca** absorption remained unknown.
Later on, we have demonstrated that GSH depleting
drugs inhibit the intestinal Ca’* transport not only in
birds but also in mammals™*®. The tripeptide depletion
might increase the oxidation of sulfhydryl groups that
are important to maintain the functionality of proteins
involved in the Ca** transport, such as occurs with the
PMCA:*", In addition, other GSH depleting drug such
as vitamin Ks or menadione (MEN) causes inhibition of
intestinal Ca®* absorption, which is related to OS, as
judged by a decrease in GSH content and an increment
in the total carbonyl group content. This inhibitory ef-
fect of MEN on intestinal Ca®* absorption begins in half
an hour, lasts for several hours and finishes after 10
h of treatment™”, The quinone inhibits two enzymes
presumably involved in Ca®* transcellular pathway such
as the intestinal alkaline phosphatase (IAP), located in
the brush border membrane, and PMCAu, protein that
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carries Ca®* outside the cell, as mentioned above. The
enzyme inhibition might be due to alterations produced
by ROS, which are triggered by GSH depletion caused
by its consumption in the redox cyde of the quinone®”.
When MEN is metabolized, it may undergo one or two-
electron reduction. If it suffers one-electron reduction,
there is formation of a very unstable semiquinone radical,
which reacts rapidly with molecular oxygen resulting in
regeneration of the parent compound and production
of a superoxide anion that yields H20: via enzymatic or
spontaneous dismutation. Two-electron reduction of MEN
produces a hydroquinone, a pathway that constitutes a
detoxification mechanism™. In both cases, GSH is the
electron donor, which explains the tripeptide depletion
after MEN treatment. Since the intestinal Ca®* absorption
is an active process, which requires ATP that is mainly
provided by the mitochondria, we have analyzed the
functionality of these organelles in the intestinal mucosa
when animals were treated with MEN. In fact, we have
detected that MEN produces mitochondrial dysfunction
caused by GSH depletion, which alters the mitochondrial
permeability resulting in the release of cytochrome ¢ and
DNA fragmentation, biomarkers of apoptosis through
the intrinsic pathway. In other words, mitochondrial
dysfunction is also involved in the mechanisms by which
MEN inhibits transiently the intestinal Ca** absorption™*.,
Later on, the system FASL/FAS/caspase-3, indicators
of apoptosis via the extrinsic pathway, was also demon-
strated to be activated by MEN®Z,

Sodium deoxycholate (NaDOC) is another GSH
depleting drug that produces OS, as indicated by ROS
generation and mitochondrial swelling leading to inhi-
bition of intestinal Ca®* absorption™®. The effect of
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Table 1 Glutathione depletion and the intestinal calcium absorption
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Oxidative stress markers

Effect on intestinal Ca>* absorption

BSO 1GSH

MEN JGSH TROS and protein carbonyl 1Mn**-SOD and GPX Mitochondrial

dysfunction
|GSH T1ROS
Mitochondrial swelling.
1SOD, CAT and GPX
TNO- 1iNOS protein
FRD IGSH 102"
Tprotein carbonyl and nitrotyrosine content
[SOD and CAT
INO-

NaDOC

1 Ca® transfer from lumen-to-blood
| Ca®™ transfer from lumen-to-blood [IAP and PMCA1b activities

|Intestinal Ca**absorption
|mRNA PMCA1b
|PMCA1b, CBo2sk and NCX1 protein expression

|Intestinal Ca** absorption
LIAP activity
|TRPV6, PMCA1b, CBD9k, CLDN 2, CLDN12 and VDR protein
expression

BSO: DL-buthionine-S,R-sulfoximine; CAT: Catalase; CBozsk: Calbindin D28k; CBoo: Calbindin D9k; CLDN 2: Claudin 2; CLDN12: Claudin 12; FRD:
Fructose rich diet; GPX: Glutathione peroxidase. GSH: Glutathione; IAP: Intestinal alkaline phosphatase. MEN: menadione. Mn**-SOD: Mn**-superoxide
dismutase. NaDOC: sodium deoxycholate. NCX1: Na“/ Ca™ exchanger; NOe: Nitric oxide; PMCA1b: Plasma membrane Ca**ATPase; SOD: Superoxide
dismutase; TRPV6: Transient receptor potential vanilloid type 6; VDR: Vitamin D receptor.

NaDOC is time and dose-dependent and is higher in
mature enterocytes™>??, NaDOC exerts its effect altering
the transcellular Ca®* pathway; the gene and protein
expression of PMCA1» and the protein expressions of cal-
bindin D2s« (CB D2s<) and NCX1 are decreased by this
hydrophobic bile salt. NaDOC is a major component of
the bile; in high concentrations it provokes liver damage
during cholestasis and promotes colon carcinogenesis in
experimental animals®***', The molecular mechanisms by
which NaDOC alters the protein expression of molecules
involved in the intestinal Ca®* absorption seem to be also
related to nitrosative stress, as indicated by increment
in NO+ content and in induced nitric oxide synthase
(iNOS) protein expression, and apoptosis, as shown
by enhancement of the system FASL/FAS/caspase-8/
caspase-3. In addition, an increase in acidic vesicular
organelles (AVOs) and in LC3 T protein expression
produced by NaDOC means that autophagy might be
another mechanism triggered by this bile salt associated
with the inhibition of the intestinal Ca** absorption!*?
(Table 1).

The administration of fructose rich diets (FRD) to nor-
mal rats, which induce several features of the metabolic
syndrome, inhibit the intestinal Ca** absorption and
induce vitamin D insufficiency™® "), In our laboratory,
we have found that the VDR protein expression is also
diminished by the FRD™®. Since 1,25(0H):Ds and its re-
ceptor are depleted, the inhibition in the cation transport
could be explained due to 1,25(0H)2Ds is the main
stimulator of the intestinal Ca®* absorption. FRD alter
both the transcellular and the paracellular pathways.
The protein expression of TRPV6, CB Do and PMCAw as
well as the enzyme activity of IAP are lower in animals
fed FRD than in rats fed a normal diet. Similarly, the
protein expressions of Claudin-2 and Claudin-12, mole-
cules located in intestinal TJ, are also decreased in rats
fed FRD™®, The intestinal GSH levels are decreased
by the FRD, which would explain the increment in the
superoxide anion and in the protein carbonyl content.
This scenario is worsened by a decrease in the activities
of superoxide dismutase and catalase, enzymes of the

Baishidenge ~ WJG | www.wjgnet.com

antioxidant defense, which result in impairment of the
redox equilibrium contributing to altering the intestinal
Ca”* absorption. Other authors have also demonstrated
that FRD decrease the GSH content and the antioxidant
enzyme activities as well as vitamin C and vitamin E
levels in rat liver and skeletal muscle®. In addition, we
have demonstrated that FRD increase the NO+ content
and the nitrosylation of proteins of 22 and 38 kDa from
rat intestine. He et a®” have demonstrated that FRD
increase the expression of inducible NO- synthase in the
liver. Kannappan et al*” have shown that FRD augment
nitrosothiols in the plasma, liver and skeletal muscle.
All these findings indicate that an intake rich in fructose
triggers nitrosative stress in a variety of tissues.

The inflammation is another mechanism triggered
by FRD in rat intestine, as suggested by an increment in
the intestinal protein expression of nuclear factor (NF)-
xB and interleukin (IL)-6. NF-«xB is a transcription factor
that controls over 100 genes activated direct or indirectly
by inflammation®"; IL-6 is a cytokine, whose gene has
a promotor region with a site of binding for NF-«B. In
addition, IL-6 has been suggested to be associated with
metabolic syndrome and each of its components and
it could be added as a biomarker of progression of that
condition®®. Therefore, the inhibition of the intestinal
Ca®* absorption by FRD is also mediated through the
enhancement of inflammatory molecules®®.

In conclusion, any drug or disease associated with
intestinal GSH depletion causes inhibition of intestinal
Ca** absorption. This response is mediated by 0S/
nitrosative stress and inflammation, which could lead to
cell death of enterocytes with capability to transport Ca**
across the cells and in the paracellular route.

REVERSION/PREVENTION OF THE
INHIBITION OF INTESTINAL CALCIUM
ABSORPTION CAUSED BY GSH
DEPLETION

The first approaches to revert or prevent the inhibition
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Table 2 Antioxidants that preserve/ restore the inhibition of intestinal Ca’* absorption caused by glutathione depletion

Drugs Normalized OS markers Effect on inhibition Normalized component of Apoptosis markers References
of 1CaA ICaA
GSH monoester GSH total Restoration Tolosa de Talamoni et al"™"
MEL GSH, ‘O* Protein carbonyl Prevention PMCA1b, CBos, NCX1, |TUNEL index Carpentieri ef al 1601
SOD, CAT and GPX activities restoration CLDN 2 and CLD 12 |Caspase 3 activity/ Areco et al™"
iNOS gene and protein protein expression protein expression
expression
QT GSH total. GPX activity Prevention |Caspase 3 activity | Marchionatti et al®™
FAS, |FASL. Blocks mit
swelling
GLN GSH, ‘Oz. Protein carbonyl Prevention CBp2sk and PMCA1b |TUNEL index. Moine et al'®
SOD and CAT activity restoration protein expression. |FAS, |FASL |Caspase-3
activity
NAR GSH, ‘0" NO* Prevention IAP activity (partially) Rodriguez et al™
Protein carbonyl and PMCA1b, CBps, NCX1,
nitrotyrosine content. SOD and VDR, CLDN2 and CLD12
CAT activity protein expression
UDCA GSH, NO- protein carbonyl  Increase restoration IAP activity IMit swelling Rodriguez et al™*!
SOD activity TPMCA1b, CBo2sk, NCX1, |FAS, |FASL gene/
iNOS protein expression VDR gene and protein protein content
expression Caspase 8 protein content

Caspase 3 activity

CAT: Catalase; CBozsk: Calbindin D28k; CBosx: Calbindin D9k; CLDN 2: Claudin 2; CLDN12: Claudin 12; GLN: Glutamine; GPX: Glutathione peroxidase;
GSH: Glutathione; IAP: Intestinal alkaline phosphatase; ICaA: Intestinal Ca* absorption; MEL: Melatonin; MEN: Menadione; Mit: Mitochondrial; NAR:
Naringin; NCX1: Na“/ CaBexchanger; NO: Nitric oxide; OS: Oxidative stress; PMCA1b: Plasma membrane Ca>*-ATPase; QT: Quercetin; SOD: Superoxide
dismutase; TRPV6: Transient receptor potential vanilloid type 6; UDCA: Ursodeoxycholic acid; VDR: Vitamin D receptor.

of intestinal Ca®* absorption caused by GSH depletion
consisted in the use of GSH monoester in order to
replenish the intestine with the tripeptide®!.. In fact, this
treatment leads to the normalization of the intestinal
Ca®* absorption. In addition, other strategies were also
assayed because the intestinal GSH depletion could
be generated not only by drugs but also by patholo-
gical conditions such as cholestasis and metabolic syn-
drome™®®3,

Since GSH depletion causes exacerbation of ROS
production, inflammation, apoptosis and autophagy, the
reversion or prevention was thought to be blocked by fla-
vonoids, molecules derived from natural sources with anti-
oxidant, anti-inflammatory and antiapoptotic properties.
Flavonoids are a class of phenolic metabolites produced
by plants and fungi®, Among them, quercetin (QT) is
largely present in fruit, red wine, tea, vegetables and aro-
matic plants®®!, and exhibits all the biological properties
mentioned above. Hence, QT is considered as a potential
therapeutic agent for different diseases such as cancer,
hypertension, inflammation, diabetes, thrombosis'®®*®,
Inoue et a®! have suggested that QT might improve
the intestinal Ca** absorption because they have demon-
strated in Caco-2 cells that QT increases the gene expres-
sion of TRPV6, which is a VDR target gene. We did not
find that QT alone ameliorates the Ca** transport in
the intestine, but we demonstrated that QT blocks the
inhibition of the intestinal Ca** absorption caused by MEN
via GSH depletion. Similarly, QT by itself does not change
the intestinal GSH content, but it prevents the GSH dep-
letion produced by the quinone®. Boots et at’® have
also observed that the effects of QT supplementation in
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patients with sarcoidosis appear to be more pronounced
when the baseline levels of oxidative (malondialdehyde)
and inflammatory (tumor necrosis factor a, IL-8, IL-10)
markers are increased. So, it appears that the extent
of the QT effects depends on the baseline of OS and
inflammation. The protective mechanisms of QT on the
intestinal Ca®* absorption under oxidant conditions could
be summarized in: (1) Normalization of intestinal redox
state, (2) blockage of alterations in the mitochondrial
membrane permeability (swelling), and (3) interference
with the FASL/FAS/caspase-3 cascade activation. Taken
together, it could be concluded that QT might be useful to
prevent the inhibition of intestinal Ca** absorption caused
by pro-oxidants or conditions that deplete GSH leading to
0S and apoptosis®?.

Naringin (NAR) is another flavonoid that abrogates
the inhibition of intestinal Ca®* absorption caused by
oxidant conditions such as an experimental metabolic
syndrome produced in rats by FRDP®, NAR is chemically
known as naringenin 7-O-neohesperidoside and is pre-
sent in different citrus being responsible for the bitterness
in grapefruit, which is one of the richest sources of this
flavonoid”". NAR has been demonstrated to increase
the GSH content either in the liver or in the intestine
from mice exposed to whole-body irradiation”?. A meta-
analysis also showed that NAR restores the GSH content
in different parts of brain in various neurological ailments
in rodents'”?, We have demonstrated that NAR (40
mg/kg bw) can protect the intestinal Ca** absorption
by blocking all the alterations in the redox state of the
intestinal mucosa caused under oxidant conditions such
as the intake of FRD by rats™. With regard to GSH, NAR
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not only blocked its depletion produced by FRD but also
increased almost twice the normal intestinal GSH content
by a mechanism that needs to be clarified. NAR was able
to abrogate all the described alterations provoked by FRD
in rats through its anti-oxidant, anti-nitrergic and anti-
inflammatory properties. The use of NAR to ameliorate
the intestinal Ca®* transport under oxidant conditions
associated with different pathologies holds a remarkable
potential, but there are some obstacles in NAR clinical
translation related to the extensive in vivo metabolism,
low bioavailability and irregular absorption”. On the
other hand, it has been demonstrated that various phe-
nolic antioxidants exhibit pro-oxidant properties at high
doses" .. In fact, both flavonoids, quercetin and naringin,
have antioxidant and pro-oxidant effects”®,

Melatonin (MEL) is one of the natural human anti-
oxidant that has gained increasing attention. MEL is a
hormone secreted by the pineal gland and other tissues
such as bone marrow, skin and gastrointestinal tract.
MEL is a lipophilic antioxidant of broad spectrum that has
a high membrane permeability”””’. The molecular mecha-
nisms triggered by MEL seem to be different from those
of the classical antioxidants such as vitamin C, vitamin
E and GSH; however, MEL synergizes with them in the
scavenging of free radicals. The classical antioxidants
undergo redox cycling so they have the potential to
promote oxidation or prevent it. In contrast, MEL does
not display redox cycling, thus, it does not stimulate
oxidation; therefore it could be considered as a suicidal or
terminal antioxidant. MEL may interact with free radicals
forming several stable end products, which are excreted
in the urine”®. MEL content is 400 times larger in the
intestine than in the pineal gland”®, but the physiological
significance of this is not very clear. Similarly to QT, MEL
alone does not affect the intestinal Ca®* absorption,
but it avoids or reverses the inhibitory effect of MEN
or BSO®™" ), The GSH depletion caused by MEN was
also prevented by MEL, counteracting the oxidative
stress and apoptosis provoked by the quinone. MEL
protects either the intestinal transcellular Ca** pathway
or the paracellular Ca®* route, but only under oxidant
conditions. The modulation of transporters of Ca** by
MEL has also been reported in pancreatic acinar cells®
and in rat pituitary GH3 cells®™. In conclusion, MEL
could be a drug for reversal of impaired intestinal Ca**
absorption produced by OS and apoptosis that occurs
under pathophysiological conditions such as aging, celiac
disease, intestinal bowel disease, cancer or other gut
disorders, or by GSH depleting drugs (Table 2).

Since the amino acid glutamine (GLN) in the intestine
is a fuel and a source of glutamate, substrate for GSH
synthesis®®®!, and it has antioxidant and antiapoptotic
properties’®, and has the advantage of being an oral
nutritional supplement®™, we have thought that it
could be used to prevent or reverse the intestinal Ca**
absorption inhibited by GSH depleting drugs. Similarly
to other antioxidants, GLN alone does not modify the in-
testinal Ca** absorption but it reverses the inhibition of
the intestinal cation transport caused by MEN. The GLN
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protective action is dose and time dependent and also
occurs when it is administered previous to MEN treat-
ment. The normalization of the protein expression of CB
D2sx and PMCAw by GLN indicates that this amino acid
protects the transcellular Ca** pathway. The protection
may be achieved because GLN restores the intestinal
GSH content, normalizes the enzymatic activities of the
antioxidant defense system and decreases the activation
of the apoptotic pathway FASL/FAS/Caspase-3"%, In
other words, the antioxidant and antiapoptotic properties
of GLN facilitate the normalization of the intestinal Ca**
absorption under oxidant conditions. Whether GLN
alters or not the intestinal Ca** paracelluar route and/or
other mechanisms are involved in the protection of the
intestinal Ca®* absorption is under investigation.

Ursodeoxycholic acid (UDCA) is a minor component
of the bile and has hydrophilic properties'®. It is known
that UDCA blocks the reactive oxygen species formation,
the mitochondrial dysfunction and the death receptor
induced apoptosis™. It has been widely used for treat-
ment of cholestatic liver diseases, mainly primary biliary
cirrhosis (PBC)®”. In our laboratory, we have explored
the possibility that UDCA could prevent the inhibition
of intestinal Ca®* absorption caused by NaDOC, a
hydrophobic bile acid that causes GSH depletion in the
duodenum, as mentioned in the previous section. Verma
et al®" have demonstrated that UDCA therapy enhances
fractional Ca** absorption in PBC. In agreement with
these data, we have observed that UDCA alone improves
the intestinal Ca®* absorption by increasing the amount
of Ca®* transporters involved in the transcellular Ca**
pathway via activation of the VDR gene and protein
expression. The effect of UDCA on Ca”* uptake by en-
terocytes has been shown to depend on the degree
of differentiation of these cells, being higher in mature
enterocytes. When UDCA is given simultaneously with
NaDOC, the intestinal Ca>* absorption is similar to that
from the control animals, which means that UDCA pre-
vents the inhibition in the Ca** transport caused by
NaDOC. Although UDCA alone decreases FASL and FAS
protein expression without changing the Caspase-8
protein expression and caspase-3 activity, it avoids the
apoptotic effects of NaDOC through normalization of
the protein expression of FASL, FAS, Caspase-8 and the
enzyme activity of Caspase-3. Similarly, UDCA per se
does not alter the intestinal NO+ content, but it abrogates
the increase in NO- and in iINOS protein expression
provoked by NaDOC. In addition, UDCA avoids efficiently
the enhancement in LC31I protein expression and in the
number of AVOs in enterocytes caused by NaDOC, which
means that UDCA attenuates the biomarkers of auto-
phagy®?. The physiological significance of this response
is not quite clear and needs to be dlarified.

CONCLUSION

The Ca”* entrance to the organism is very important to
maintain the Ca®*-dependent functions and the correct
mineralization of the skeleton. An optimal intestinal
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Ca”* absorption is reached when the GSH content in the
intestine is in the normal range. Conditions associated
with intestinal GSH depletion arising from administration
of certain drugs or different diseases may inhibit the in-
testinal Ca®* transport. This response could be prevented
or restored by using flavonoids (QT, NAR), MEL, UDCA
or GLN, which block the effects of the GSH depletion
mainly through their antioxidant, antiapoptotic and anti-
inflammatory properties. However, the use of these
drugs to improve the intestinal Ca>* absorption under
oxidant conditions associated with different pathologies in
humans requires more investigation with regards to the
safety, pharmacokinetics and the pharmacodynamics of
them.
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Abstract

AIM
To investigate the distribution and function of interstitial
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cells of Cajal (ICCs) and platelet-derived growth factor
receptor-o. positive (PDGFRa.*) cells in the proximal and
distal colon.

METHODS

The comparison of colonic transit in the proximal and
distal ends was performed by colonic migrating motor
complexes (CMMCs). The tension of the colonic smooth
muscle was examined by smooth muscle spontaneous
contractile experiments with both ends of the smooth
muscle strip tied with a silk thread. Intracellular recordings
were used to assess electrical field stimulation (EFS)-
induced inhibitory junction potentials (IJP) on the colonic
smooth muscle. Western blot analysis was used to exa-
mine the expression levels of ICCs and PDGFRa in the
colonic smooth muscle.

RESULTS

Treatment with NG-nitro-L-arginine methyl ester hydro-
chloride (L-NAME) significantly increased the CMMC
frequency and spontaneous contractions, especially in
the proximal colon, while treatment with MRS2500 in-
creased only distal CMMC activity and smooth muscle
contractions. Both CMMCs and spontaneous contractions
were markedly inhibited by NPPB, especially in the pro-
ximal colon. Accordingly, CyPPA sharply inhibited the
distal contraction of both CMMCs and spontaneous
contractions. Additionally, the amplitude of stimulation-
induced nitric oxide (NO)/ICC-dependent slow 1JPs (sIJPs)
by intracellular recordings from the smooth muscles
in the proximal colon was larger than that in the distal
colon, while the amplitude of electric field stimulation-
induced purinergic/PDGFRao-dependent fast I1JPs (f1JPs)
in the distal colon was larger than that in the proximal
colon. Consistently, protein expression levels of c-Kit and
anoctamin-1 (ANO1) in the proximal colon were much
higher, while protein expression levels of PDGFRa and
small conductance calcium-activated potassium channel 3
(SK3) in the distal colon were much higher.

CONCLUSION

The ICCs are mainly distributed in the proximal colon
and there are more PDGFRo.* cells are in the distal colon,
which generates a pressure gradient between the two
ends of the colon to propel the feces to the anus.

Key words: Interstitial cells of Cajal; Platelet-derived
growth factor receptor-a. positive cells; Smooth muscle
cell/interstitial cell of Cajal/platelet-derived growth factor
receptor-o. positive cell syncytium; Nitric oxide; Purine

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The different distributions of interstitial cells of
Cajal (ICCs) and platelet-derived growth factor receptor-a
positive (PDGFRa.") cells in the different parts of the colon
result in a pressure gradient in the colon that propels the
feces to the anus. Nitric oxide (NO) is mainly involved in
the regulation of contraction through ICCs, and purine
mainly participates in relaxation through PDGFRa." cells.
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The regulation of the inhibitory transmitter NO and
purine through the two kinds of interstitial cells (ICCs
and PDGFRa." cells) is very important for rhythmic colonic
migrating motor complexes, which are the main driving
force underlying colon transit.

Lu C, Huang X, Lu HL, Liu SH, Zang JY, Li YJ, Chen J, Xu WX.
Different distributions of interstitial cells of Cajal and platelet-
derived growth factor receptor-o. positive cells in colonic smooth
muscle cell/interstitial cell of Cajal/platelet-derived growth factor
receptor-o. positive cell syncytium in mice. World J Gastroenterol
2018; 24(44): 4989-5004 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i44/4989.htm DOIL: http://dx.doi.
org/10.3748/wjg.v24.i144.4989

INTRODUCTION

In the gastrointestinal (GI) tract, smooth muscle cell/
interstitial cell of Cajal/platelet-derived growth factor
receptor-a. positive cell (SIP) syncytium consists of inter-
stitial cells of Cajal (ICCs), platelet-derived growth factor
receptor-a positive cells (PDGFRo" cells), and smooth
muscle cells (SMCs). ICCs and PDGFRo" cells are in-
volved in the smooth muscle contraction. Remodeling or
damaging of these cells can result in a variety of motor
disorders!". Cells in the SIP syncytium express many
kinds of receptors and ion channels, and conductance
changes in any type of cell can induce the excitability
or relaxation of the smooth muscle. Although there
have been several studies of ICCs and PDGFRa" cells
in the GI tract regarding their location, morphology,
function and more, most studies have focused on the
small intestine and stomach, with few concerning the
colon®?, Therefore, in the present study, we explored
the distributions of the two kinds of interstitial cells along
with their ion channels and transmission mechanisms for
inducing contraction and diastolic reactions at both ends
of the colon.

ICCs were first suggested to be GI pacemaker cells
in the late 1970s based on electrophysiological and
ultrastructural observations™.. Anoctamin-1 (ANO1), a
very important functional protein in ICCs, is a calcium-
activated chloride channel that produces pacemaker
currents®™. Another interstitial cell type, PDGFRo" cells,
referred to as “fibroblast-like” cells, express specific
small conductance calcium-activated potassium channel
3 (SK3)®, When the SK3 channel is activated, large
amounts of K* flow out, causing hyperpolarization and
subsequent relaxation of PDGFRa" cells and downstream
SMCs!), Consequently, the motility of smooth muscles
depends on the balance between excitatory regulation
from ICCs and inhibitory regulation from PDGFRo" cells.

Colonic motility requires the coordination of the en-
teric nervous system (ENS) and SIP syncytium. The ENS,
consisting of excitatory motor neurons and inhibitory
motor neurons (IMNSs), including nitric oxide synthase
(NOS) and purine neurons, is involved in the regulation of
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colonic movement®?, Mafié et af'"! have reported that
nitric oxide (NO) is responsible for continuous smooth
muscle relaxation, while purine neurons are responsible
for transient relaxation, which may be dominant in co-
lonic propulsion. In addition, colonic migrating motor
complexes (CMMCs) known as the main form of the
colonic transmission, have been demonstrated that their
generation require two conditions: the activation of cho-
linergic motor neurons and the release of inhibitory neuro-
transmitters (mainly NO and purines), both of which
can act on the SIP syncytium to regulate colonic trans-
mission™,

It has been reported that electrical field stimulation
(EFS) can induce changes in the membrane potential
mediated by inhibitory neurotransmitters called the inhi-
bitory junction potential (I1JP), and subsequent relaxation
reaction™*¥, IJPs are composed of two components: a
fast-transient hyperpolarization (fIJP) and a subsequent
slow and sustained hyperpolarization (sIJP)*'?. The
release of NO is closely related to ICCs, which can in-
fluence the generation of spontaneous contractions and
the initiation of sIJPs through ICCs"*'"), On the other
hand, fIJPs have been shown to be mediated by purines
specifically through the P2Y1 receptor on PDGFRa*
cells”*,

Based on these previous reports, we sought to cha-
racterize the mechanism of the ENS and SIP in the
regulation of colon motility, especially distributions of
ICCs and PDGFRq." cells in the proximal and distal colon
according to the response of CMMC, smooth muscle
contraction, and intracellular recoding for the blockers of
neurotransmitters.

MATERIALS AND METHODS

Ethical statement

All animals were obtained from the Experimental Animal
Center of Shanghai Jiao Tong University School of Medi-
cine. This research rigorously complied with the rules of
the Guide for the Care and Use of Laboratory Animals
of the Science and Technology Commission of China
(STCC Publication No. 2, revised 1988). The protocol
was approved by the Committee on the Ethics of Animal
Experiments of Shanghai Jiao Tong University School of
Medicine (Permit Number: Hu 686-2009). All operations
were performed under anesthesia using isopentane, and
every manipulation of the experimental animals was
performed while simultaneously attempting to maximally
relieve any suffering.

Animals

Adult male ICR mice were obtained from the Experi-
mental Animal Center of Shanghai Jiao Tong University
School of Medicine. The mice, aged 35 d and weighing
approximately 30 g, were housed at 22 C under a 12 h
light/dark cycle with free access to water and food.

CMMC experiments

Mice were sacrificed under general anesthesia induced
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by inhalant isoflurane overdose followed by cervical
dislocation. Then, the abdomen was opened along the
ventral midline, and the colon was exposed, removed
quickly, and placed into Krebs solution continuously bub-
bling with a carbonated mixture (5% CO:z and 95% Oz).
The Krebs solution contained the following components
(all concentrations in mmol/L): NaCl, 121.9; NaHCOs,
15.5; KCl, 5.9; MgS0s4, 1.2; KH2POs4, 1.2; glucose, 11.5;
and CaClz, 2.4. The entire colon was fixed in a Sylgard
base dish with impalpable steel pins. The mesentery
was carefully removed along the boundary line of the
enterocoel under a dissecting microscope. All fecal
pellets in the colon were artificially expelled with a 1-mL
injector; this procedure was repeated to expel every
pellet. This procedure must be performed with care to
minimize intestinal damage. The empty colon was gently
washed with 5 mL of warm Krebs solution, and a glass
capillary tube was inserted through the lumen and linked
to an artificial fecal pellet. The capillary was attached to
the floor of the silica gel plate using U-shaped pins at
the oral and anal end. A rectangular organ filled with
20 mL of warm Krebs solution (36.5 = 0.5°C) was also
constantly inundated with carbon-oxygen gas. Then, the
colon specimen was gently perfused with warm Krebs
solution and left to stabilize for 30-40 min to secure the
recovery of the colonic contraction activity. A silk thread
(USP 5/0) was attached to both ends of the colon. The
mechanical activity of the CMMCs was recorded using
an isometric force transducer (RM6240C, Chengdu
Instrument Factory, China) linked to an amplifier device.
A tension of 0.1 g was applied to the empty colon, which
was equilibrated for at least 40 min before the addition of
the experimental drugs.

Preparation of smooth muscle tissue and isometric
tension measurement

The entire colon full of fecal pellets was isolated as de-
scribed above. The colon was cut along the mesentery,
which is on the colonic circular axis; the pellets were
flushed out with Krebs solution; the colon was pinned
to a Sylgard dish with the mucosa facing upwards; and
the mucosa and submucosa were removed carefully
under a dissecting microscope. Smooth muscle strips
(approximately 2 mm x 8 mm) were obtained by cutting
along the circular axis from the fresh smooth muscle
tissue. A silk thread (USP 5/0) was attached to both ends
of the muscle strips and attached along the circular axis
into 10 mL organ baths containing warm (37 C) Krebs
solution filled with 95% Oz and 5% CO:. The recording
device was the same as that for the CMMCs above. A
tension of 0.3 g was applied to the muscle strip, and it
was equilibrated for at least 40 min before the recovery
of its contraction activity.

Western blot analysis

Protein samples were extracted from the colonic smooth
muscle tissues and lysed in radioimmunoprecipitation
assay (RIPA) buffer (1:10; P0013, Beyotime Chemical
Co., Jiangsu, China) and PMSF (1:100) solution. The
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suspended material was centrifuged at 12000 rpm for
15 min at 4 'C, mixed with 4 X loading buffer, and then
boiled for 5 min in a 100 C water bath. The protein
concentration of the supernatant was calculated using the
bicinchoninic acid (BCA) protein assay method (P0010,
Beyotime Chemical Co., Jiangsu, China). Protein (30
ug/lane) was subjected to 7.5% sodium dodecyl! sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and then
transferred from the polyacrylamide gel to polyvinylidene
difluoride (PVDF) membranes using an E-Blotter unit
(Bio-Rad) for 120 min. Then, the PVDF membranes were
blocked in 5% nonfat milk for 2 h and incubated with
rabbit c-Kit and PDGFR-o. monoclonal antibodies (1:1000;
#3074, #3174, Cell Signaling Technology, United States)
and with mouse anti-tubulin antibody (1:1000; AT819,
Beyotime Chemical Co., Jiangsu, China) overnight at 4 C.
The blots were then washed five times (5 min per wash)
with Tris-HCI-buffered saline including 0.1% Tween-20
(TBST) and then incubated with secondary antibodies,
including either anti-rabbit IgG HRP-linked antibody
(1:1000; 7074; Cell Signaling Technology) or anti-mouse
IgG HRP-linked antibody (1:1000; 7076; Cell Signaling
Technology) for 2 h at room temperature. Protein sig-
nal detection was performed using an enhanced chemi-
luminescence agent (ECL reagents). The signals of the
blots were analyzed using Quantity One software.

Intracellular microelectrode recording and electrical
stimulation

Based on the operation above, smooth muscle tissue
(approximately 20 mm x 8 mm) was isolated from the
empty colon, fixed facing forward and up onto the base
of a Sylgard-covered chamber, and constantly filled
with warm (37 C) Krebs solution, 95% 02, and 5%
CO2. The tissue was equilibrated for approximately 2
h before the recording started. The muscle tissue was
maintained at 37 + 0.5 °C through continuous perfusion
with warm Krebs solution. Experimental procedures
were carried out in the presence of nifedipine (1 umol/L)
to minimize the muscle contraction and maintain the
cellular implements. Circular muscle cells were inserted
using glass microelectrodes (80-100 MQ) filled with
KCl. Membrane potential was recorded with a Duo 773
(WPI Inc., Sarasota, FL, United States). EFS was made
under a consistent voltage, pulse width, and duration
(50 V, 0.5 ms, and 5 s, respectively) by two parallel
platinum electrodes using a square-wave stimulator
(YC-2 stimulator; Chengdu, China). The sIJPs and fIJPs
of the smooth muscle were recorded in the presence and
absence of various drugs, such as receptor antagonists
or agonists in Krebs solution.

Drugs

Tetrodotoxin (TTX) was obtained from Absin Biochemical
Company. Atropine was purchased from Sigma-Aldrich.
Apamin, NG-Nitro-L-arginine methyl ester hydrochloride
(L-NAME), NPPB, MRS2500, and CyPPA were obtained
from Tocris Bioscience (Ellisville, MO, United States).
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Statistical analysis

The data are described as the mean = SE. The analysis
of data differences between groups was performed
using one-way analysis of variance (ANOVA), followed
by the Bonferroni’s post-hoc test or using the Student’
s unpaired t-test when needed. P-values less than 0.05
were considered to represent significant differences be-
tween groups, and n-values correspond to the number of
animals that were used in the indicated experiments.

RESULTS

Regulatory effects of the ENS/Ach/NO for ANO1
channels in ICCs on CMMCs and spontaneous
contractions

Effects of TTX and atropine on CMMCs and spon-
taneous contractions: To demonstrate the role of the
ENS in colonic transit, we used a Na* channel antagonist,
TTX (0.4 umol/L), to block neurons. TTX abolished the
large amplitude contractions of CMMCs, and only the
fast oscillating contractions remained. The contractions
were decreased from 100% in controls to 30% * 2.6%
in the proximal colon and 21% = 4.7% in the distal part
(°P < 0.05; n = 6, meaning the number of animals used
and the same below; Figure 1A and C). Interestingly, the
basal tone and frequencies of the burst-like contractions
in both ends of the colon were markedly increased by
TTX, indicating that the generation of CMMCs in the
colon was significantly mediated by the ENS, while the
increased basal tone and frequencies of the remaining
contractions in the presence of TTX are likely generated
directly by ICCs because the dominant effects of the ENS
on ICCs were limited by TTX. In addition, the effects of
TTX were significantly different between the proximal and
distal colon. To further confirm the effects of TTX on the
colonic contractions, we observed that TTX significantly
increased the rate of spontaneous contractions from
100% in controls to 149% =* 4.2% in the proximal colon
and 124% + 5.4% in the distal part (°P < 0.05; n =
7; Figure 1B and D). Moreover, there were significant
differences in proximal and distal colon with TTX admini-
stration, respectively (‘P < 0.05; Figure 1A-D).

To explain the differences of TTX above, we further
compared the roles of the excitatory neurons and inhibi-
tory neurons in regulating colonic motility. First, atropine
was employed to block acetylcholine (Ach), released
by cholinergic neurons. We found that, similar to the ef-
fects of TTX, atropine (100 umol/L) abolished the large
amplitude contractions of CMMCs, and only the burst-like
contractions (e.g., ICC pacemaking activity) remained in
both parts of the colon. Overall, CMMCs were significantly
suppressed, from 100% in controls to 21% * 1.9% in
the proximal colon and 39% + 3.7% in the distal part (°P
< 0.05; n = 5; Figure 1E and G). Similarly, spontaneous
contractions were also partially decreased by atropine
treatment, from 100% in controls to 57% + 1.8% in the
proximal colon and 74% + 3.9% in the distal part (°P <
0.05; n = 7; Figure 1F and H). Interestingly, significant
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Figure 1 Effects of tetrodotoxin and atropine on smooth muscle contractions of the colon. A and C: Inhibitory effects of tetrodotoxin (TTX) treatment on colonic
migrating motor complexes (CMMCs) in the proximal and distal colon, and summary data of the area under the curve (AUC) at 300 s. It is worth noting that AUC
measurements can demonstrate the sum of both the amplitudes and frequencies. The data are normalized to the control value (before the application of TTX) (n =
6; *P < 0.05 vs control; °P < 0.05 vs proximal colon). B and D: Enhanced effects of TTX on spontaneous contractions in the proximal and distal colon of mice and
summary of the contractile responses to TTX, as indicated by the AUC at 200 s, in the smooth muscle tissues of the proximal and distal colon of mice. The data are
normalized to the control value (before the application of TTX) (n = 7; °P < 0.05 vs control; °P < 0.05 vs proximal colon). E and G: Responses of CMMCs to atropine in
the proximal and distal colon and summary of data as indicated by the AUC at 300 s. The data are normalized to the control value (before the application of atropine) (n
=5; P < 0.05 vs control; °P < 0.05 vs proximal colon). F and H: Inhibitory effects of atropine on spontaneous contraction in the proximal and distal colon and summary
of data showing contractile responses to atropine as indicated by the AUC at 200 s. The data are normalized to the control value (before the application of atropine) (n
=7,°P < 0.05 vs control; °P < 0.05 vs proximal colon). TTX: Tetrodotoxin; AUC: Area under the curve.
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differences remained between the proximal and distal
ends treated with atropine in the CMMC and muscle strip
experiments (‘P < 0.05; Figure 1E-H). These results
suggest that Ach may play a regulatory role for ICCs.

Effects of L-NAME and NPPB on CMMCs and spon-
taneous contractions: To characterize the effects of NO
on colonic motility, L-NAME (100 umol/L), a nonspecific
inhibitor of NOS, was employed in the present study.
We found that CMMCs, especially their frequency, were
significantly enhanced by L-NAME, from 100% in controls
to 172% + 4.6% in the proximal colon and 145% *
4.4% in the distal part (°P < 0.05; n = 7; Figure 2A and
C). Similarly, spontaneous contractions became larger
and faster after administration with L-NAME, from 100%
in controls to 170% * 11.5% in the proximal colon and
150% + 4.0% in the distal part (°P < 0.05; n = 7; Figure
2E-H). Importantly, we also found that the effects of
L-NAME on both CMMCs and spontaneous contractions
were more significant in the proximal colon than in the
distal part, respectively (‘P < 0.05; Figure 2E-H). Based
on these results, we confirmed that NO contributes
substantially to the regulation of CMMC frequency and
suggest that there may be more ICCs in the proximal
colon than in the distal part.

To further confirm that ICCs have distinct distributions
between different parts of the colon, NPPB, a blocker of
ANO1 channels, was applied. NPPB treatment (3 umol/L)
significantly inhibited CMMCs, from 100% in controls
to 22% * 2.7% in the proximal colon and 46 + 4.3%
in the distal part (°P < 0.05; n = 5; Figure 2E and G).
The effects of NPPB were much more significant in the
proximal part than in the distal part (P < 0.05; n = 5;
Figure 2E and G). Furthermore, spontaneous contractions
were also decreased by NPPB treatment, from 100% in
controls to 19% = 3.4% in the proximal colon and 48%
+ 3.7% in the distal part (°P < 0.05; n = 5; Figure 2F
and H). However, the inhibitory effect of NPPB was much
more significant in the proximal part than in the distal
part of the colon (‘P < 0.05; n = 5; Figure 2F and H).

Regulatory effects of purine for SK3 channels

in PDGFRx" cells on CMMCs and spontaneous
contractions

Effects of MRS-2500 treatment on CMMCs and
spontaneous contractions: In subsequent experi-
ments, to further investigate the role of PDGFRa" cells
in the regulation of colonic motility. First, MRS2500
was used (1 pmol/L; an antagonist of P2Y1) on CMMCs
and spontaneous contractions. We found that in the
proximal colon, MRS2500 had no significant effect on
either CMMCs or spontaneous contractions (Figure 3A
and B). However, in the distal colon, both CMMCs and
spontaneous contractions were increased by MRS2500,
reaching 143% + 2.4% for CMMCs and 130% = 4.2%
for spontaneous contractions (°P < 0.05; n = 8; Figure
3A-D). MRS2500 had a markedly stronger effect in the
distal colon compared to the proximal part (°P < 0.05;
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n = 8; Figure 3A-D), which indicates that there is an
obvious difference between the two ends. Similarly, this
effect may result from different distributions of PDGFRa.*
cells in these colonic regions.

Effects of apamin and CyPPA on CMMCs and spon-
taneous contractions: To test the above hypothesis,
we determined the effects of apamin (300 nmol/L; an
SK3 channel antagonist) on colonic motility. We can
observe that apamin significantly enhanced CMMCs,
from 100% in controls to 126% =+ 0.4% in the proximal
colon and 148% + 2.1% in the distal part (°P < 0.05; n
= 7; Figure 4A and C). Similar results were obtained for
spontaneous contractions, which were increased from
100% in controls to 127% % 1.6% in the proximal colon
and 159% = 3.4% in the distal part (°P < 0.05; n = 7;
Figure 4B and D). Similar to MRS2500 treatment, the
effects of apamin in the distal colon were stronger than
those in the proximal part (‘P < 0.05; n = 7; Figure
4A-D).

Subsequently, CyPPA (3 umol/L), an SK3 channel
agonist, was also used in the present study. We found
that the effects of CyPPA were completely opposite of
those observed with apamin treatment. CyPPA markedly
inhibited CMMCs, from 100% in controls to 39% = 1.7%
in the proximal colon and 25% = 2.2% in the distal part
(°P < 0.05; n = 7; Figure 4E and G). Clearly, the effects
of CyPPA were much more significant in the distal part
than in the proximal part of the colon (‘P < 0.05; n = 7;
Figure 4E and G). Moreover, spontaneous contractions
were also inhibited by CyPPA, from 100% in controls to
54% * 4.1% in the proximal colon and 19% * 3.6%
in the distal part (°P < 0.05; n = 7; Figure 4F and H).
Therefore, CyPPA significantly inhibited both CMMCs
and spontaneous contractions in both ends. Moreover,
the effects of this drug in the distal colon were markedly
stronger than those in the proximal part (‘P < 0.05; n = 8;
Figure 4E-H).

Effects of ICC/ANO1 and PDGFR.*/SK3 on colonic
membrane potentials of smooth muscle tissue

Effects of ANO1 and SK3 antagonists on resting
membrane potentials of colonic smooth muscle
tissues: It is well-established that smooth muscle
contraction and relaxation result from membrane depo-
larization and hyperpolarization™®. To further evaluate
the distributions of the two interstitial cell type, we
first detected the average resting membrane potential
(RMP) of colonic circular muscle cells in the proximal
colon, which was 42.2 + 1.92 mV, less than that in the
distal part, which was 53.2 + 2.86 mV (°P < 0.05; n =
12; Figure 5A). Furthermore, NPPB induced membrane
hyperpolarization in both parts of the colon, showing a
greater extent in the proximal colon than in the distal
part (9.17 £ 1.19 mV in the proximal colon and 4.67
+ 0.56 mV in the distal colon, °P < 0.05; n = 6, Figure
5B and D). Nevertheless, apamin induced membrane
depolarization, which was more marked in the distal
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Figure 2 Effects of L-NAME and NPPB on smooth muscle contractions of the colon. A and C: Increased effects of L-NAME on colonic migrating motor
complexes (CMMCs) in the proximal and distal colon and summary data of the area under the curve (AUC) at 300 s. The data are normalized to the control value
(before the application of L-NAME) (n = 7; °P < 0.05 vs control; °P < 0.05 vs proximal colon). B and D: Enhanced effects of L-NAME on spontaneous contraction in the
proximal and distal colon of mice and summary of the contractile responses to L-NAME as indicated by the AUC at 200 s. The data are normalized to the control value
(before the application of L-NAME) (n = 7; ®P < 0.05 vs control; °P < 0.05 vs proximal colon). E and G: Responses of CMMCs to NPPB in the proximal and distal colon
and the summary of data as indicated by the AUC at 300 s. The data are normalized to the control value (before the application of NPPB) (n = 5; °P < 0.05 vs control;
°P < 0.05 vs proximal colon). F and H: Inhibitory effects of NPPB (3 umol/L) on spontaneous contraction in the proximal and distal colon and summary of the data
showing contractile responses to NPPB as indicated by the AUC at 200 s. The data are normalized to the control value (before the application of NPPB) (n = 5; °P < 0.05
vs control; °P < 0.05 vs proximal colon). AUC: Area under the curve.
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Figure 3 Effects of MRS2500 on smooth muscle contractions in the colon. A and C: Effects of MRS2500 on colonic migrating motor complexes (CMMCs) in the
proximal and distal colon and summary of the area under the curve (AUC) at 300 s. The data are normalized to the control value (before the application of MRS2500)
(n=8;*P < 0.05 vs control; °P < 0.05 vs proximal colon). B and D: Representative traces illustrating the effects of the P2Y1 antagonist MRS2500 on the contractions
of colonic smooth muscles in the proximal and distal colon of mice and summary of the contractile responses to MRS2500 as indicated by the AUC at 200 s. The data
are normalized to the control value (before the application of MRS2500) (n = 8; °P < 0.05 vs control; °P < 0.05 vs proximal colon). AUC: Area under the curve.

colon than in the proximal part (7.10 = 1.36 mV in the
proximal colon and 11.07 £ 1.01 mV in the distal colon,
®P < 0.05; n = 5; Figure 5C and E).

Postjunctional potentials evoked by EFS in colonic
smooth muscle tissues: Consequently, we used EFS
to evaluate the response of membrane potentials to
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determine whether there were differences between the
proximal and distal colon. We observed that EFS (50 V;
3, 6, and 9 Hz; 5 s) induced IJPs including f1JPs and sIJPs
in both ends of the colon. The average amplitude of the
fIJPs was larger in the distal colon than in the proximal
part (6.70 + 0.39, 11.8 + 0.33, and 18.86 + 0.53 mV in
the proximal colon, n = 8; 11.24 + 0.35, 14.58 = 0. 34,
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Figure 4 Effects of small conductance calcium-activated potassium channel 3 channel antagonist and agonist treatment on smooth muscle contractions
in the murine colon. A and C: Responses of colonic migrating motor complexes (CMMCs) to small conductance calcium-activated potassium channel 3 (SK3)
channel antagonist treatment in the proximal and distal colon and summary of the CMMC responses to apamin as indicated by the area under the curve (AUC) at 300 s.
The data are normalized to the control value (before the application of apamin) (n = 7; P < 0.05 vs control; °P < 0.05 vs proximal colon). B and D: Enhanced effects of
apamin (300 nmol/L) on spontaneous contractions in the proximal and distal colon and summary of the data showing contractile responses to apamin as indicated by
the AUC at 200 s. The data are normalized to control (before the application of apamin) (n = 7; °P < 0.05 vs control; °P < 0.05 vs proximal colon). E and G: Responses
of CMMCs to SK3 channel agonist treatment in the proximal and distal colon and summary of the CMMC responses to CyPPA as indicated by the AUC at 300 s.
The data are normalized to the control value (before the application of CyPPA) (n = 7; °P < 0.05 vs control; °P < 0.05 vs proximal colon). F and H: Inhibitory effects of
CyPPA on spontaneous contractions in the proximal and distal colon and summary of the data showing contractile responses to CyPPA as indicated by the AUC at 200 s.
The data are normalized to the control value (before the application of CyPPA) (n = 7; °P < 0.05 vs control; °P < 0.05 vs proximal colon). AUC: Area under the curve.
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Figure 5 Effects of anoctamin-1 and small conductance calcium-activated potassium channel 3 channel antagonist treatment on membrane potentials in
the murine colon. A: Summary of the resting membrane potentials of colonic smooth muscle cells from the proximal and distal colon of mice (n = 12; °P < 0.05). B:
Responses of membrane potentials to anoctamin-1 (ANO1) antagonist treatment (NPPB, 3 umol/L, arrow). C: Responses of membrane potentials to SK3 antagonist
treatment (apamin, 300 nmol/L, arrow). D and E: Summary of data showing the average effects of NPPB and apamin on membrane potentials in colonic smooth
muscle cells from both ends of the colon (NPPB n = 6; apamin n = 5; °P < 0.05). RMP: Resting membrane potentials.

and 23.60 + 0.45 mV in the distal colon, n = 8; °P < 0.05,
Figure 6A-C), while the amplitude of sIJPs was more
obvious in the proximal colon than in the distal parts (2.94
+0.17, 7.8 £ 0.25, and 3.60 + 0.51 mV in the proximal
colon, n =8; 1.34 £ 0. 24, 5.14 + 0.15, and 9.98 + 0.56
mV in the distal part, n = 8; °P < 0.05, Figure 6A, B, and
D). These results further confirm that there is indeed a
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difference in the distribution of ICC and PDGFRa+ cells in
the proximal and distal colon.

Changes in purine-dependent fIJPs and NO-
dependent sIJPs in colonic smooth muscle tissues:
For the purpose of illustrating the distribution of PDGFRa."
cells at both ends of the colon, L-NAME (100 umol/L) and
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Figure 6 Membrane potentials evoked by electrical field stimulation in normal colonic proximal and distal muscles. A: Electrical field stimulation (EFS) from
the proximal colon at different frequencies (50 V; 3, 6, and 9 Hz for 5 s; black bars in each panel) elicited biphasic hyperpolarization comprising a peak component
followed by sustained hyperpolarization. B: EFS from the proximal colon at different frequencies (50 V; 3, 6, and 9 Hz for 5 s; black bars in each panel). C and D:
Summary of data showing the average amplitude of fast inhibitory junction potentials and slow inhibitory junction potentials at both ends of the colon (n = 8; °P < 0.05).

flJP: Fast inhibitory junction potential; sIJP: Slow inhibitory junction potential.

atropine (1 pumol/L) were used to block NO and Ach to
solely observe the EFS response to purine. We found that
the amplitude of the sIJPs significantly attenuated and
almost all that remains were the fIJPs. The amplitudes
of fIJPs in the distal colonic muscles remained stronger
than those in the proximal colon (i.e., 6.78 £ 0. 27, 9.20
+ 0. 49, and 18.00 + 0.71 mV; °P < 0.05; n = 7; Figure
7A and C). In the distal colon, the mean amplitudes were
separately 12.44 + 0. 47, 15.80 + 0.73, and 24.22 + 0.54
mV (°P < 0.05; n =8; Figure 7B and C). These results
indicate that the distal colon has more PDGFRo" cells and
stronger fIJPs primarily elicited by purine and induces
relaxation.

To explore the distribution of ICCs at both ends of
the colon, MRS2500 (1 umol/L) and atropine (1 umol/L)
were used to block purines and Ach to solely observe
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the EFS response to NO. The addition of MRS2500 and
atropine almost fully eliminated the fIJPs, leaving only
the sIJPs. The amplitudes of sIJPs (with EFS 3, 6, and
9 Hz) in the proximal colon appeared much larger than
those in the distal colon (i.e., 3.12 + 0.33, 5.54 + 0.39,
and 10.18 + 0.40 mV, Figure 7E and F); in the proximal
colon, the mean amplitudes of sIJPs were 5.54 + 0. 43,
9.32 + 0.53, and 14.8 * 0.37 mV, respectively (°P < 0.05;
n = 7; Figure 7D and F). These results confirm that the
proximal colon has a greater distribution of ICCs and
stronger slJPs elicited by NO, inducing stimulation by
ICCs.

Expression levels of c-Kit and PDGFRc: in colonic
smooth muscle tissues
Finally, we examined the density of ICC, ANO1, PDGFRa,
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Figure 7 Fast inhibitory junction potential and slow inhibitory junction potential elicited by electrical field stimulation in smooth muscles of the proximal
and distal colon. A and B: Atropine and L-NAME treatment blocked excitatory junction potentials (EJPs) and decreased slow inhibitory junction potentials (slJPs) but
had no effect on fast IJPs (flJPs) in colonic muscles from both ends. D and E: Atropine and MRS2500 treatment blocked EJPs and decreased flJPs but had no effect
on slJPs in colonic muscles from both ends. C and F: Summary of data showing the average amplitude of flJPs and sIJPs (in the presence of atropine and L-NAME, n
= 8; in the presence of atropine and MRS2500, n = 7; °P < 0.05). flJP: Fast inhibitory junction potential; slJP: Slow inhibitory junction potential.

and SK3 in the smooth muscle tissues of the colon.
We found that the expression levels of c-Kit and ANO1
were much higher in the proximal colon (97.7% =+
10.9% and 35.7% £ 4.3%, respectively), while those
in the distal end were lower (58.2% * 6.5% and 19%
+ 3.6%, respectively [°P < 0.05; n = 8; Figure 8A and
C (c-Kit) and Figure 8B and D (ANO1)]. Additionally,
the expression of the PDGFRa protein in the colonic
muscle layer was significantly increased, from 54.8%
+ 5.0% to 77.6% =* 3.2% in the proximal and distal
ends, respectively; similarly, the expression of SK3 in
the colonic muscle layer ranged from 36.2% * 4.1% to
61.4% =* 3.1%, respectively, in the proximal and distal
ends [°P < 0.05; n = 8; Figure 8E and F (PDGFRa) and
Figure 8E and G (SK3)]. These protein expression data
directly show that the proximal colon has more ICCs and
that the distal colon has more PDGFRa" cells.
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DISCUSSION

This study focused on the distribution and function of
ICCs and PDGFRa" cells at both ends of the colon and the
role of NO and purines on colonic dynamic transmission.
This finding may have clinical implications in studying
and treating colonic dysmotility of inflammatory bowel
disease (IBD) and irritable bowel syndrome (IBS). It
has previously been established that the large intestine
has many different motor patterns, including segmental
activity, antiperistaltic and peristaltic waves, and tonic
inhibition™®?”, Regardless of transmission form, it is
necessary to produce pressure gradient to ensure that
feces are propelled from the proximal to distal colon.
Therefore, we divided the colon into two segments to
separately study its transmitting mechanism. Based on
previous reports, the speed of fecal pellet propulsion
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Figure 8 Expression levels of c-Kit/anoctamin-1 and platelet-derived growth factor receptor-o/small conductance calcium-activated potassium channel

3 in proximal and distal smooth muscles of the colon. A and B: Western blot analysis of interstitial cells of Cajal (ICCs) and anoctamin-1 (ANO1) in both ends of
the colon. C and D: Summary of data analyzed using densitometric quantification (ICC, ANO1 n = 8, °P < 0.05). E: Western blot analysis of platelet-derived growth
factor receptor-a, and small conductance calcium-activated potassium channel 3 in both ends of the colon. F and G: Summary of data analyzed using densitometric

quantification (n = 8, *P < 0.05). ANO1: Anoctamin-1; SK3: Small conductance calcium-activated potassium channel 3.

along the murine colon is the same as the conduction In our study, we found that the large amplitude con-
velocity of the CMMC contraction, indicating that CMMCs traction of CMMCs was almost completely inhibited when
drive the pellets forward™". the ENS or cholinergic neurons were blocked; instead,
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irregular contractions with much higher frequencies were
recorded. Notably, in the CMMC experiments (treatment
with TTX), the distal colon had more obvious drug effect,
while in smooth muscle contraction experiment, the
drug effect of proximal colon was more prominent in the
presence of TTX or atropine (Figure 1). These results
suggested that even though CMMC was almost abolished
by TTX, the spontaneous contractions of the smooth
muscle were significantly increased by TTX treatment.
Therefore, we speculate that in the ENS, inhibitory neu-
rons play a dominant role in spontaneous contractions
of the colon. Moreover, the small irregular contraction
waves in atropine may result from the pacemaker acti-
vity of ICCs and CMMCs are initiated by excitatory cho-
linergic neurons through ICCs. In the past several years,
pacemaker function of ICCs and the ENS network have
generally been considered as separate systems in colonic
transit. However, new findings have reported that the
pacemaker network in the colon consists of both ICC-
MY (interstitial cells of Cajal of myenteric plexus) and
ICC-IM (intramuscular interstitial cells of Cajal) and that
this network is activated via cholinergic KV7.5 channel
inhibition in ICC-IM"*?!, Even though colonic motor transit
has been confirmed by the cooperation of ICC networks
with the ENS®*?, information regarding the transit mecha-
nism by which ICCs sequentially function remain unclear.
Therefore, we primarily focused on the regulation of
murine colonic contractile activity by nitrergic and puri-
nergic neurons.

Based on the finding of nitrergic signaling through
ICCs to regulate colonic spontaneous contraction and
CMMCs (described above), we used L-NAME and NPPB
to block NO and ANO1 in ICCs, respectively, to observe
whether there are functional differences between the
two ends of the colon (Figure 2). Our results showed
that the AUC (equaling the frequencies and amplitudes)
of CMMCs and spontaneous contractions in the smooth
muscle were significantly increased in the presence of
L-NAME or NPPB, indicating that NO is involved in regu-
lating the frequency of CMMC through ICCs to maintain
normal colonic transit. Moreover, the proximal colon has
larger amplitude and higher frequencies in the presence
of these two drugs, indicating that there are more ICCs
in this part of the colon.

In addition to NO, purine is also considered to be
involved in inhibitory regulation of smooth muscle
contractions through another kind of interstitial cells-
PDGFRo" cells”. Burnstock et alt”? first proposed that
adenosine triphosphate (ATP) or purine was a main
inhibitory neurotransmitter in the GI tract in 1970. Addi-
tionally, it may promote the release of glutamate (an
inhibitory neurotransmitter) by binding to presynaptic
metabotropic P2Y receptors®. Recent studies have
proven that purinergic receptors (P2Y1) and SK3 chan-
nels are expressed in PDGFRa" cells responsible for
nerve-mediated relaxation in the GI tract®. Compared
to other classical neurotransmitters, the role of purinergic
signaling in colonic transmission is not well understood
or appreciated. Therefore, our results (Figures 3 and 4)
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proved that the amplitudes and frequencies of CMMCs
and spontaneous contractions in the distal colon were
markedly changed when P2Y1 receptors and SK3 chan-
nels were blocked by MRS2500 and apamin, respectively,
or SK3 was activated by CyPPA, illustrating that purines
help to maintain regular colonic transmission by inhibiting
contractions. Moreover, the distal colon showing stronger
contractile activity indicates that there may be more
PDGFRo" cells, resulting from the inhibitory role of pu-
rine on PDGFRa" cells being eliminated by MRS2500
treatment.

Based on CMMC and smooth muscle contraction ex-
periments, we speculated that ICCs and PDGFRa." cells
may have different distributions at different ends of the
colon. To confirm this hypothesis, we used intracellular
recordings to detect whether there exists a difference in
the electrophysiological properties between the two ends
of the colon. Previous studies have shown that GI motility
is regulated by excitatory and IMNs, among which IMNs
evoke IIPs, causing muscle relaxation. In the colon, neu-
rotransmitters released by the ENS could activate the
conductance of interstitial cells (i.e., ANO1 in ICCs or SK3
channels in PDGFRa" cells) to regulate the excitability
of SMCs through gap junctions to meditate colonic moti-
lity®>*®1. ANO1 regulates sensory signal transduction and
smooth muscle contractile activity to generate rhythmic
contraction, which is supported by the absence of slow
waves in ANO1 knockout mice” !, Additionally, SK3
channels in PDGFRa" cells are activated by purines and
produce apamin-sensitive outward currents®®®. These
SK3 channels are believed to be involved in inducing
membrane hyperpolarization and IJPs. In GI smooth
muscle tissues, IJPs have bipolar phases and consist
of two main components: fIJP, induced by the release
of purines in PDGFRa" cells, and sIIP arising from NO
through ICCs™"*?, which was also proved in this study
(Figures 5-7). More importantly, we also found that
the amplitudes of fIJPs induced by purinergic neurons
through PDGFRa" cells were much higher in the distal
colon than in the proximal segment. Furthermore, the
amplitude of sIJPs induced mainly by NO through ICCs
was much higher in the proximal colon than in the distal
part. These results provide concrete functional evidence
that ICCs and PDGFRa." cells have a different distribution
at both ends of the colon.

Finally, we confirmed that more ICCs were distributed
in the proximal colon, whereas more PDGFRa" cells
were distributed in the distal colon using Western blot
analysis (Figure 8). We speculate that this distribution
difference is responsible for the stronger contractions in
the proximal colon and the relatively weaker contractions
in the distal part, forming a pressure gradient from the
proximal colon to the distal part to propel feces smoothly
forward to the anus.

In summary, our findings in the present study provide
clear evidence that the ENS regulates colonic motility
through cholinergic and nitrergic neurons regulating
the spontaneous rhythmic pacemaker activity of ICCs
and through purinergic neurons mediating inhibitory ef-
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fects on smooth muscle contractions by acting on P2Y1
receptors in PDGFRa" cells to suppress colonic transit.
We further found that inhibitory neuromodulation has
a leading role in colonic transmission, which may be
associated with the formation of fecal pellets in the colon
and full absorption of water and nutrients. Furthermore,
the distribution characteristics of more ICCs in the pro-
ximal and more PDGFRa" cells in the distal colon con-
tribute to the formation of a pressure gradient from the
oral to anal ends of the colon, which is associated with
the roles of ENS-NO/ICCs and purine/PDGFRo" cells in
the regulation of colonic motility. Consequently, an in-
depth understanding of the mechanism of colon motility
may provide a new direction and target for the study and
treatment of diarrhea or constipation in colon motility
disorder, such as IBD and IBS.

ARTICLE HIGHLIGHTS

Research background

Interstitial cells of Cajal (ICCs) and PDGFRa." cells are mainly located in the
smooth muscle layer of the colon, which is widely believed to play a critical
role in the generation of colonic transit motility. Large numbers of studies have
shown that ICCs are mainly responsible for the contraction response of the
smooth muscle, while PDGFRa" cells mainly regulate the relaxation of the
smooth muscle. Inhibitory neuronal transmitters [nitric oxide (NO) and purine]
can respectively act on ICCs and PDGFRa.” cells to mediate colonic transit,
thus propelling feces into the rectum and the anus. However, the distributions
of ICC and PDGFRc.” in the colon remain unclear. Therefore, it is an important
scientific problem to study the transit mechanism of the proximal and distal
colon.

Research motivation

In recent years, the incidence of colonic dysmotility diseases has been
increasing year by year, such as inflammatory bowel disease (IBD), irritable
bowel syndrome (IBS), and complications of some diseases (e.g., diabetes-
induced slow transit constipation), whose main clinical symptoms are diarrhea
or constipation. The smooth muscle layer, as the main source of colon power,
consists of ICCs, PDGFRa.” cells, and smooth muscle cells (SMCs) contacted
by the gap junction. Therefore, it is very significant to study the differential
distributions of ICCs and PDGFRa.” cells in the two ends of the colon.

Research objectives
In this study, we for the first time researched the distributions and functions of
ICCs and PDGFRa.” cells in the proximal and distal colon. Then, we studied the

roles of inhibitory neurotransmitters NO for ICCs and purine for P2Y1 receptor
on PDGFRa" cells in colonic motility transit. This study may represent a future
strategy for therapeutic intervention in disorders of colonic motility, such as
IBD and IBS, by understanding the distributions and function of NO-ICCs and
purine-PDGFRa.” cells at both ends of the colon.

Research methods

First, we compared the isolated colonic transit differences between the proximal
and distal colon using colonic migrating motor complexes (CMMCs). Then, we
used the smooth muscle contraction experiment, which is the major source of
colon motility, to compare the drug differences between the proximal and distal
colon by adding the blockers and agonists of anoctamin-1 (ANO1) channels
on ICCs and small conductance calcium-activated potassium channel 3 (SK3)
channels on PDGFRa" cells. Subsequently, we compared the membrane
potentials of the proximal and distal colon by intracellular recordings. Later,
Western blot analysis was used to detect the protein expression of c-Kit,
ANO1, PDGFRa, and SK3 in the colon. Finally, we added immunofluorescence
methods to visually describe the distributions of ICC and PDGFRa." cells in the
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proximal and distal colon.

Research results

Treatment with tetrodotoxin (TTX) to block the enteric nervous system (ENS)
in the CMMC experiment almost completely blocked colonic transit. However,
in the smooth muscle contraction experiment, when the ENS was blocked,
the contraction of the colon was enhanced, suggesting that inhibitory nerve
regulation plays critical roles in the transmission of the colon. In addition, when
the ANO1 channel on ICCs was blocked by NPPB, the proximal colon showed
a more obvious inhibitory role. While the SK3 channels on PDGFRa.” cells were
blocked by apamin, there was a more obvious drug effect in the distal colon,
indicating that the proximal colon might distribute more ICCs, and the distal
colon has more PDGFRa." cells. Intracellular electrical recording experiments
indicated that slow inhibitory junction potentials (slJP) mediated by the NO-
ICC-ANO1 signal pathway was more obvious in the proximal colon, while fast
inhibitory junction potentials (flJP) mediated by purine-PDGFRa.’-SK3 was
more prominent in the distal colon, indicating that there are more ICCs in the
proximal colon and more PDGFRa." cells in the distal colon from the membrane

potential level.

Research conclusions

In this study, we demonstrated that NO has a more obvious effect on the ICCs
in the proximal colon, while purine has a more prominent effect on the distal
PDGFRa" cells, indicating that there are more ICC cells in the proximal colon
and more PDGFRa." cells in the distal colon. In addition, NO and purine acting
on the SMC/ICC/PDGFRa.” cell (SIP) syncytium (consisting of SMCs, ICCs,
and PDGFRa" cells) are both inhibitory neurotransmitters, suggesting that
colonic transit is mainly dominated by inhibitory neuromodulation. Although the
stomach and small intestine are dominated by excitatory neuromodulation, this

feature of the colon may contribute to the adequate absorption of nutrients and
the formation of feces.

Research perspectives

This is the first study to report that the differential distributions of ICCs and
PDGFRa cells at the two ends of the colon. Our findings have highlighted
the effects of inhibitory neuromodulation NO-ICC-ANO1 and purine-PDGFRo.”
cells-SK3 on colonic transit. In order to maintain regular colonic transit,
the perfect cooperation of NO-ICC and purine-PDGFRo.” cells is required.
Therefore, in the future study of colon dynamic disorder such as IBD or IBS, we
can start from whether the distribution and function of ICC and PDGFRa.” cells
have changed, and then extend to the effect of the ENS, especially inhibitory
neuromodulation, on colonic transmission disorder to find the pathogenesis of
colonic transit dysfunction. These findings in the present study may provide
new insights and strategies for the diagnosis and treatment of gastrointestinal
motility disorders.
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Abstract

AIM

To develop a novel rat model of heterogeneous hepatic
injury.

METHODS

Seventy male Sprague-Dawley rats were randomly divided
into a control group (/7 = 10) and a colchicine group (7 =
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60). A 0.25% colchicine solution (0.4 mL/kg) was injected
via the splenic vein in the colchicine group to develop
a rat model of heterogeneous hepatic injury. An equal
volume of normal saline was injected via the splenic vein
in the control group. At days 3, 7, and 14 and weeks 4,
8, and 12 after the operation, at least seven rats of the
colchicine group were selected randomly for magnetic
resonance imaging (MRI) examinations, and then they
were euthanized. Ten rats of the control group underwent
MRI examinations at the same time points, and then were
euthanized at week 12. T2-weighted images (T2WI) and
diffusion weighted imaging (DWI) were used to evaluate
the heterogeneous hepatic injury. The heterogeneous
injury between the left and right hepatic lobes was as-
sessed on liver sections according to the histological
scoring criteria, and correlated with the results of MRI
study.

RESULTS

Obvious pathological changes occurred in the hepatic
parenchyma in the colchicine group. Hepatic injury
scores were significantly different between the left and
right lobes at each time point (P < 0.05). There was a
significant difference in apparent diffusion coefficient
(ADC) of DWI and liver-to-muscle ratio (LMR) of T2WI
between the left and right lobes of rats in the colchicine
group (P < 0.05) at each time point, and similar results
were observed between the colchicine and control groups.
Besides, there was a significant correlation between
hepatic injury scores and ADC values or LMR (r = -0.682,
P =0.000; r = -0.245, P = 0.018).

CONCLUSION

Injection with colchicine via the splenic vein can be
used to successfully develop a rat model of hetero-
geneous hepatic injury. DWI and T2WI may help eva-
luate the heterogeneous injury among liver lobes.

Key words: Heterogeneous hepatic injury; Rat model;
Colchicine; T2-weighted images; Diffusion weighted
imaging

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, injection with colchicine via the
splenic vein is shown to successfully develop a rat model
of heterogeneous hepatic injury. Obvious pathological
changes occurred in the hepatic parenchyma in the
colchicine group. A significant difference was observed
in liver injury scores, apparent diffusion coefficient
values, and liver-to-muscle ratios of T2-weighted images
(T2WTI) between the left and right lobes in the colchicine
group (P < 0.05). Our study suggested that diffusion
weighted imaging and T2WI can be used to evaluate the
heterogeneous injury among liver lobes.

Zhang Y'Y, Zhang CX, LiY, Jiang X, Wang YF, Sun Y, Wang J, Ji
WY, Liu Y. Development of a novel rat model of heterogeneous
hepatic injury by injection with colchicine via the splenic vein.
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INTRODUCTION

Heterogeneous hepatic injury is often manifested in pa-
tients with hepatic tumors, especially those accompanied
by hepatitis and cirrhosis. Estimation of total and regional
hepatic function is essential for preventing postoperative
liver failure and devising an effective treatment plan for
patients with hepatic tumors!"!, The current technological
limitations that preclude whole-organ assessment of
heterogeneous hepatic injury present a clinical chal-
lenge. Unfortunately, the lack of an ideal animal model
of heterogeneous hepatic injury has hindered the devel-
opment of such assessment methods'?. Therefore, it is
urgent to establish a practical and reproducible animal
model of heterogeneous hepatic injury to provide a
manipulable in vivo tool for future development of simple,
safe, and effective whole liver assessment methods.

Several animal models have been established to eva-
luate liver function, but they are limited in their ability to
reflect homogeneous hepatic injury. The most popular
of these models induce hepatic injury subcutaneous in-
jection with a mixture of CCls and olive oil to induce hepa-
tic injury™ and daily gavage with colchicine consecutively
for 4 wk (in mice)™.

Colchicine is an antimitotic cytotoxic agent derived
from the Colchicum autumnale plant. Although the
exact mechanism of hepatotoxicity of colchicine remains
unclear, in the present study we injected rats with colchi-
cine via the splenic vein to develop a practical model of
heterogeneous hepatic injury. The heterogeneous injury
between the left and right hepatic lobes was assessed on
liver sections according to the histological scoring criteria,
which was then correlated with the results of magnetic
resonance imaging (MRI) using the sequences reported
for evaluating hepatic injury™®.

MATERIALS AND METHODS

Compliance with ethical requirements

All experimental procedures were performed in accor-
dance with the Guide for the Care and Use of Laboratory
Animals published by the National Institutes of Health.
This study was approved by the animal care committee
of our university.

Animals and grouping

Seventy male Sprague-Dawley rats of SPF grade,
weighing 280 * 20 g, were purchased form Changsheng
Laboratory, Benxi, Liaoning (certification number:
SCXK-2015-0001). Before the start of experiments, the
rats were fed normally in separated cages. The animals
were randomly divided into a control group (n = 10)
and a colchicine group (n = 60). All animals were fed a
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Figure 1 Development of a rat model of heterogeneous hepatic injury.
After anesthesia and splenic vein dissection, 0.25% colchicine at a dose of 0.4
mL/kg was injected via the splenic vein.

standard diet before the operation.

Induction of heterogeneous hepatic injury in rats

All rats were fasted for at least 6 hours before the
operation. Pentobarbital sodium (1%; 40 mg/kg) was
injected intraperitoneally for anesthesia. For rats in the
colchicine group, after opening the peritoneal cavity,
0.25% colchicine (Nanjng Zelang Medical Technology Co.
Ltd., Nanjing, China; purity: > 98%; injection rate: 0.1
mL/s) was injected at a dose of 0.4 mL/kg via the splenic
vein. For rats in the control group, the peritoneal cavity
was opened similarly and an equal volume of normal
saline was injected via the splenic vein (Figure 1). After
the operation, all animals were fed a normal diet. Twelve
rats in the colchicine group died after 24 h and were
excluded from further experiments.

MRI procedure

At days 3, 7, and 14 and week 4 after the operation,
seven rats of the colchicine group, and at weeks 8 and
12, ten rats of the colchicine group were randomly
selected for MRI examinations, and then the rats were
euthanized by over-anesthesia. One rat died from an
overdose of anesthetic at week 8, and a second one died
at week 12. Ten rats of the control group underwent
MRI examinations at the same time points, and were
euthanized at week 12 after MRI examinations. Liver
tissue was fixed in 4% paraformaldehyde.

Prior to MRI examinations, the selected rats were
fasted for about 8 h. After anesthesia by intraperitoneal
injection with 1% pentobarbital sodium (40 mg/kg), MRI
was performed using a GE Signa HDxT 3.0T magnet
scanner with a wrist coil. The detailed scanning settings
are as follows: T2-weighted images (T2WI): TR, 3840
ms; TE, 85 ms; field of view, 14 cm; NEX, 4; matrix, 256
x 192; slice thickness, 3 mm; flip angle, 90°; scan time,
3 min and 12 s; and diffusion weighted imaging (DWI): b
= 500 s/mm?; TR, 5000 ms; TE, 77.3 ms; field of view,
14 cm; NEX, 2; matrix, 128 x 128; slice thickness, 3
mm; flip angle, 90°; scan time, 40 s.

Image analysis
Image analysis was performed independently by two
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radiologists with more than 5 years of clinical experience,
who were blinded to the histopathologic results. The
largest regions of interest (ROIs) as possible were
defined in both the left and right lobes of the liver in
three successive slices on T2WI and apparent diffusion
coefficient (ADC) maps, and the vessels and artifacts
were excluded when positioning the ROI. The signal
intensities of the erector spinae muscles on T2WI were
detected on the same slices simultaneously, and the
average values of these measurements on the three
successive slices were calculated. Based on the average
values, the liver-to-muscle ratio (LMR) on T2WI, ALMR
(the difference of LMR on T2WI between the left and
right lobes of the liver), and AADC (the difference of ADC
values between the left and right lobes of the liver) were
calculated™®.

Liver histopathology

Liver tissue was fixed, paraffin-embedded, and sliced
(5.0 um). After conventional hematoxylin and eosin
(H&E) staining, the sections were examined under a
light microscope. Masson’s trichrome staining was used
to assess fibrosis. Scoring for liver injury was conducted
according to the following criteria: no hepatocellular
necrosis, edema, or inflammatory cell infiltration, 0;
mild, 1; moderate, 2; severe, 3. Liver fibrosis was scored
as no fibrosis, 0; fibrous portal expansion, 1; bridging
fibrosis, 2; bridging fibrosis with architectural distortion, 3;
liver cirrhosis, 4°%,

Statistical analysis

Data are expressed as mean * standard deviation.
Normal distribution was assessed by the Kolmogorov-
Smirnov test. Differences in liver injury, ALMR, and
AADC between the two groups were compared using
the Student’s t-test or Mann-Whitney U-test. Statistical
significance was defined as P < 0.05. Correlations
between LMR, ADC values, and liver injury scores in the
colchicine group were assessed using the Spearman’s
correlation coefficient by rank test. Statistically significant
correlations were defined as P < 0.05.

RESULTS

Postoperative status

All animals awoke within 1 h after the operation. Rats
in the colchicine group exhibited fatigue, reduced food
and water consumption, and slow movement after the
operation. Although the activity of rats in the control
group was slightly decreased, their general state was
normal upon awaking. Rats in the control group all
survived the operation. Twelve rats in the colchicine
group did not survive the procedure and died after
24 h of the operation. One rat died from an overdose of
anesthetic at week 8 wk during the MRI examination,
and a second one died at week 12.

Pathology
There were no obvious pathological changes of rat liver
tissue in the control group under a light microscope.
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Left lobe, H&E Right lobe, H&E Left lobe, Masson's trichrome Right lobe, Masson's trichrome

Figure 2 Histopathological changes of the liver (x 100). H&E staining of sections of the left lobe (1% column) and right lobe (2" column) of the liver, and Masson’
s trichrome staining of sections of the left lobe (3“ column) and right lobe (4" column) of the liver were performed in the control group (1% row) and at each time point
after injection of colchicine (2" to 7" rows). No obvious pathological changes were observed in the control group. The hepatic injury was different between the left and
right lobes at each time point. At day 3 after colchicine injection, there was massive inflammatory cells infiltration, hepatocellular edema, and mild liver necrosis. At day
14, reduced inflammation and increased necrosis were observed, while fibrosis was not detected. At week 4, cholestasis and early fibrosis were observed. At weeks 8
and 12, there was further fibrosis.
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Figure 3 Comparisons of hepatic injury scores between the left and
right lobes of rats in the colchicine group at each time point. Difference in
hepatic injury between the left and right lobes of colchicine group at each time
point was statistically significant (P < 0.05).

In the colchicine group, hepatocellular necrosis, inflam-
matory cell infiltration, hepatocellular edema, and liver
fibrosis were observed, accompanied by hepatic cord
disappearance and nuclear dissolution. At day 3 after
colchicine injection, there was massive inflammatory
cell infiltration, hepatocellular edema, and mild liver
necrosis, without apparent fibrosis. At day 14, reduced
inflammation and increased necrosis were observed,
while fibrosis was not detected. At week 4, cholestasis
and early fibrosis were observed. At weeks 8 and 12,
there was further fibrosis (Figure 2). Based on the
scoring criteria™®'”, hepatic injury scores were signifi-
cantly different between the left and right lobes at each
time point (P < 0.05, Figure 3).

Results of MRI

AADC between the right and left hepatic lobes differed
significantly between the colchicine group and the control
group (P < 0.05; Figure 4A). A statistically significant
difference was also noted in ALMR between the right and
left hepatic lobes from the T2WI of the colchicine group
compared to that of the control group at each time point (P
< 0.05; Figure 4B).

Relationship between pathology scores and MRI
variables

The relationship between ADC values and hepatic injury
scores is shown in Figure 5A. The ADC values decreased
as hepatic injury scores increased, and the correlation
was statistically significant (r = -0.682; P = 0.000). LMR
and hepatic injury scores also demonstrated a negative
correlation (r = -0.245; P = 0.018) (Figure 5B).

DISCUSSION

Patients who will undergo liver resection always exhibit
heterogeneous hepatic injury induced by chemotherapy,
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metabolic syndrome, or cirrhosis!***®, and this often
leads to postoperative liver failure, which has become
the leading cause of mortality after liver resectiont’*.,
Therefore, assessment of the uneven distribution of
hepatic function and prediction of reserved liver function
are essential for preventing postoperative liver failure!.
The development of a practical animal model of hetero-
geneous liver injury is the basis for further studies to
curtail or eliminate this dire situation. Although there
have been some animal models of hepatic injury, such as
administration of thioacetamide solution in drinking water
and a choline-deficient diet®” and subcutaneous injection
with a mixture of CCl« and olive oil®}, these models
show homogeneous hepatic injury and cannot be used
to investigate the heterogeneous liver injury condition
that exists in human patients. Therefore, it is urgent
to develop a simple, noninvasive, and reliable method
to estimate liver regional function in patients with liver
diseases.

In this study, we successfully developed an animal
model of heterogeneous liver injury by injection with
colchicine via the splenic vein in rats. The toxicity of
colchicine may affect all cells in the body and causes
multi-organ toxicity™". Colchicine binds to the intracellular
tubule, arresting its polymerization of alpha and beta
forms into microtubules. Proteins of the Golgi apparatus,
endocytosis, exocytosis, cellular shape, and motility are
therefore impaired. Mitosis is also disrupted in metaphase
because of compromised microtubule-dependent func-
tions in chromosome separation®?’!, Colchicine has
been used to induce conspicuous hepatotoxicity diseases
including liver necrosis and steatosis in animals'***. On
the other hand, it was found that portal vein blood, which
comes from the superior mesenteric vein and the splenic
vein, is unevenly distributed in different lobes of the liver
after merging into the portal vein. Thus, we injected
rats with colchicine via the splenic vein to introduce
inhomogeneous hepatic injury, and a statistically sig-
nificant difference in pathological changes between the
left and right hepatic lobes was observed. The histological
results showed heterogeneous hepatocellular necrosis,
edema, inflammatory cell infiltration, and liver fibrosis
after colchicine injection, as well as cord disappearance,
fibrous septa collapse, and nuclear dissolution. These
findings support the point that this rat model can be used
for future studies of hepatic injury, such as quantitative
analysis of regional liver function.

In this model, the pathological changes of hepatic
parenchyma mirrored the findings of previous studies',
namely, the decreased inflammation of hepatic paren-
chyma within 2 wk after colchicine injection and the
progressive, irreversible development of fibrosis. The
current gold standard for estimation of liver injury is
liver biopsy, yet liver specimens obtained by needle
biopsy represent only a very small part of the liver paren-
chyma''. Moreover, liver biopsy is associated with the
possibility of sampling errors, invasiveness, interobserver
variability, and risk of complications. Therefore, liver
biopsy is not practicable for estimating inhomogeneous
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hepatic injury’®®. In addition, there are currently no
serum markers or clinical signs that can accurately
assess liver regional function”,

Recently, several MRI methods have been developed
to characterize the processes of various liver diseases
and grade the extent of liver disease®”. In addition,
several studies have confirmed the value of magnetic
resonance sequences in evaluating liver injury™®*®,
Therefore, in this study we used the T2WI and DWI to
assess heterogeneous liver injury in our model. The ADC
values from DWI can be used to measure the diffusion of
random molecular motions®®®., As such, in the early stage
of chemical hepatic injury, decreased ADC values may
reflect a reduced ratio of extracellular/intracellular water
volume caused by cytotoxic intracellular edema, as well
as decreased intracellular proton movement resulting
from energy loss. As fibrosis progresses, narrowed
sinusoids and restricted water mobility caused by accu-
mulation of collagen fibers, glycosaminoglycans, and
proteoglycan lead to even lower ADC values for the liver
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parenchyma. This is similar to other reports showing that
the ADC values decreased as liver disease progressed
and fibrotic scores increased™”. A previous study showed
that hepatic injury resulted in increased T2 relaxation
time and heightened T2WI sensitivity to necrosis™".
Others also reported that T2WI can be used to monitor
in vivo hepatotoxicity over time®, In our study, the
difference of histological changes between the left and
right lobes caused by uneven injury was reflected by
LMR calculated from T2WI and ADC value from DWI.
Both ADC values and LMR decreased as hepatic injury
scores increased, and the correlations were statistically
significant. The correlation coefficient between the ADC
value and hepatic injury score was significantly higher
than that between the LMR and hepatic injury score.
The results of this study support the notion that both
ADC value and LMR are potentially useful for evaluating
heterogeneous hepatic injury.

There are several limitations to the present study that
must be considered when interpreting or generalizing
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our findings. First, the stability of uneven hepatic injury is
influenced by individual differences of animals. Second,
none of the MRI parameters was obtained over time
to evaluate longitudinal changes. Third, although the
ADC value from DWI enables noninvasive prediction
of heterogeneous hepatic injury, it is limited by its
relatively poor spatial resolution. Further studies are
needed to explore other techniques such as gadolinium-
ethoxybenzyl-diethylenetriamine pentaacetic acid-en-
hanced MRI, T1 mapping, and T2 mapping for assessing
regional liver function in this model”**?,

In summary, a novel rat model with uneven hepatic
injury has been developed by injection with colchicine
via the splenic vein. Data generated using this model
suggested that DWI and T2WI can potentially evaluate
heterogeneous injury between liver lobes.
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ARTICLE HIGHLIGHTS

Research background

Heterogeneous hepatic injury is often exhibited in patients who will undergo
liver resection, especially those accompanied by hepatitis and cirrhosis.
Assessment of uneven hepatic function is essential for preventing postoperative
liver failure. Until now, there has been no simple, safe, and effective method to
evaluate heterogeneous hepatic injury due to the absence of an ideal animal
model.

Research motivation

The development of a practical, reproducible animal model of heterogeneous
hepatic injury is the basis for future studies that will ultimately benefit human
clinical practice. In the present study, a novel rat model was established by
injection with colchicine via the splenic vein, aiming at developing a practical
model of heterogeneous hepatic injury. The heterogeneous injury between
the left and right hepatic lobes was assessed on liver sections according to
the histological scoring criteria, which was then correlated with the results of
magnetic resonance imaging (MRI) using the sequences reported for evaluating
hepatic injury.

Research objectives

To develop a practical rat model of heterogeneous hepatic injury which can be
used for the future studies into human clinical parameters, such as quantitative
analysis of the regional liver function, by injection with colchicine via the splenic
vein.

Research methods

Seventy male Sprague-Dawley rats were randomly divided into a control group
and a colchicine group. Colchicine (0.25%) was injected via the splenic vein to
develop a rat model of heterogeneous hepatic injury. An equal volume of normal
saline was injected via the splenic vein in the control group. After the operation,
rats of the colchicine group were selected randomly for MRI examinations. Rats
of the control group underwent MRI examinations. T2-weighted images (T2WI)
and diffusion weighted imaging (DWI) were used to evaluate the heterogeneous
hepatic injury. The heterogeneous injury between the left and right hepatic
lobes was assessed on liver sections according to the histological scoring
criteria, which was then correlated with the results of MRI study.

Research results

Obvious pathological changes of hepatic parenchyma were observed over

Baishidenge ~ WJG | www.wjgnet.com

Zhang YY et a/. Development of a novel rat model

time in the colchicine group. Hepatic injury scores were significantly different
between the left and right lobes at each time point. There was a significant
difference in apparent diffusion coefficient (ADC) of DWI and liver-to-muscle
ratio (LMR) of T2WI between the left and right lobes in the colchicine group at
each time point, and similar result was also observed between the colchicine
and control groups. Besides, there were significant correlations between
hepatic injury scores and ADC values or LMR. Some problems, such as the
stability of the uneven hepatic injury influenced by individual differences of
animals, and longitudinal changes that can be evaluated using MRI parameters
obtained over time, remain to be solved.

Research conclusions

In this study, it was found that injection with colchicine via the splenic vein can
be used to successfully develop a rat model of heterogeneous hepatic injury.
The results of this study support that DWI and T2WI can potentially evaluate
heterogeneous injury among liver lobes.

Research perspectives

Using this model, future studies are needed to explore other new techniques
for assessing the uneven distribution of hepatic function and predicting the
reserved liver function.
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Abstract

AIM

To investigate whether promoter methylation is re-
sponsible for the silencing of formin 2 (FMAZ2) in colorectal
cancer (CRC) and to analyze the association between
FMNZ2 methylation and CRC.

METHODS

We first identified the expression levels and methylation
levels of FMNZ2 in large-scale human CRC expression data-
sets, including GEO and TCGA, and analyzed the relation-
ship between the expression and methylation levels.
Then, the methylation levels in four CpG regions adjacent
to the AMN2 promoter were assessed by MethylTarget™
assays in CRC cells and in paired colorectal tumor samples
and adjacent nontumor tissue samples. Furthermore,
we inhibited DNA methylation in CRC cells with 5-Aza-2"-
deoxycytidine and assessed the expression of FMNZ2 by
gRT-PCR. Last, the association between FMA2 methylation
patterns and clinical indicators was analyzed.
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RESULTS

A statistically significant downregulation of FMN2 ex-
pression in large-scale human CRC expression datasets
was found. Subsequent analysis showed that a high
frequency of hypermethylation occurred in the FMNZ2
gene promoter in CRC tissues; operating characteristic
curve analysis revealed that FMNV.2 gene methylation had
a good capability for discriminating between CRC and
nontumor tissue samples (AUC = 0.8432, P < 0.0001).
MethylTarget ™ assays showed that CRC cells and tissues
displayed higher methylation of these CpG regions than
nontumor tissue samples. Correlation analysis showed
a strong inverse correlation between methylation and
FMNZ2 expression, and the inhibition of DNA methylation
with 5-Aza significantly increased endogenous FMN2
expression. Analysis of the association between FMN2
methylation patterns and clinical indicators showed that
FMNZ2 methylation was significantly associated with age,
N stage, lymphovascular invasion, and pathologic tumor
stage. Notably, the highest methylation of FMN.2 occurred
in tissues from cases of early-stage CRC, including cases
with no regional lymph node metastasis (NO), cases in
stages I and 1I, and cases with no lymphovascular inva-
sion, but the methylation level began to decrease with
tumor progression. Additionally, FMN.2 promoter hyper-
methylation was more common in patients > 60 years old
and in colon cancer tissue.

CONCLUSION

FMN2 promoter hypermethylation may be an important
early event in CRC, most likely playing a critical role in
cancer initiation, and can serve as an ideal diagnostic
biomarker in elderly patients with early-stage colon
cancer.

Key words: Formin 2; Colorectal cancer; Methylation;
Methylation-associated silencing; Early-stage cancer

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Colorectal cancer (CRC) is the leading cause
of cancer death in the world. We identified a statistically
significant downregulation of formin 2 (FMN.2) expression
in large-scale human CRC expression datasets and our
clinical samples. Then, we first showed that a high fre-
quency of hypermethylation occurred in the FMN2 gene
promoter, which is responsible for the downregulation of
FMNZ2 expression. Additionally, the highest methylation of
FMNZ2 occurred in tissues from cases of early-stage CRC
and patients > 60 years old. F/MNV.2 hypermethylation may
be an important early event in CRC and can serve as an
ideal diagnostic biomarker in elderly patients with early-
stage CRC.
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INTRODUCTION

Colorectal cancer (CRC) is a common malignancy and
a major cause of incidence and mortality in many coun-
tries, especially more developed countries'. Over the
years, researchers have identified CRC as a gradual
process that lasts for several years, since it begins as
a single mutation in a cell until it becomes a detectable
malignancy®. Therefore, the main secondary preventive
strategy for CRC is the early detection of preneoplastic or
neoplastic lesions in the large bowel™.

Formin 2 (FMN2) is a member of the formin homo-
logy protein family; the encoded protein is thought
to have essential roles in the organization of the actin
cytoskeleton and in cell polarity™. More recently, FMN2
was reported to be involved in cancer, for example, ser-
ving as a potential oncogene in leukemia®™. FMN2 can
enhance the expression of the cell cycle inhibitor p21 by
preventing its degradation. In addition, FMNZ2 is induced
by the activation of other oncogenes, hypoxia, and DNA
damage™. To date, only two studies have explored the
relationship between FMN2 and CRC. The first study
was in 2012; to identify the genetic determinants of
colon tumorigenesis, Liu et al”? and colleagues carried
out a genome-wide association study of azoxymethane-
induced colon tumorigenesis and subsequently confirmed
through fine mapping that FMNZ2 is associated with co-
lon tumor susceptibility. Another study™ assessed the
expression of FMN2 in tumor and adjacent nontumor
tissue by immunohistochemistry, with results showing
that FMN2 was predominantly localized in the cytoplasm
of tumor cells; that the rate of positive FMN2 protein
expression in the CRC and paracarcinoma tissues was
53.73% (180/335) and 80.90% (271/335), respectively,
with a significant difference (P < 0.05); and that the
level of the FMN2 protein in CRC patients was associated
with tumor differentiation, TNM stage, and lymph node
metastasis. However, the mechanism leading to the
downregulation of FMN2 expression in CRC has not
been studied. In this article, we tried to show that the
high frequency of hypermethylation occurring in the pro-
moter of the FMN2 gene in CRC tissues is responsible
for the silencing of FMN2, and we further explored the
association between FMN2 methylation and clinical in-
dicators. We found that the highest level of FMN2 methy-
lation occurred in early-stage CRC tissues; thus, FMN2
may provide a new biomarker for the secondary pre-
vention of CRC.

MATERIALS AND METHODS

Cell lines and tissue samples

Human CRC cell lines (SW620 and SW480) were cul-
tured in L15 medium (KeyGEN BioTECH, Nanjing, China)
supplemented with 10% fetal bovine serum (FBS) (Bio-
logical Industries, Israel), and HCT116 and HT-29 cells
were cultured in McCoy's 5A medium (KeyGEN BioTECH,
Nanjing, China) supplemented with 10% FBS. Cells
were grown in a 5% CO:2 cell culture incubator at 37 C.
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Table 1 Clinical materials used in this article

No. Sex Age Lymph nodes TNM Pathology Differentiation MSI Organ

1 M 67 5(14) T4aN2aMO0 Adenocarcinoma Moderate No Rectum

2 M 53 0(22) T2NOMO Adenocarcinoma Moderate - Rectum

3 M 72 4 (20) T4aN2aMO0 Adenocarcinoma Poor - Right colon
4 M 52 0 (16) T3NOMO Adenocarcinoma Moderate - Rectum

5 M 52 3 (25) T3N1bMO Adenocarcinoma Moderate - Sigmoid colon
6 I 57 0 (15) T4aNOMO Adenocarcinoma Moderate - Left colon
7 I 51 0(14) T4aNOMO Adenocarcinoma Moderate No Rectum

8 I 66 19 (27) T3N2bMO Adenocarcinoma Poor No Rectum

9 I 71 0 (16) T4bNOM1b Adenocarcinoma Moderate No Rectum

Table 2 Details of the four CpG regions in the CpG islands of formin 2

Target TSS Start End Length Target strand Distance2TSS
FMN2_1 240255184 240255353 240255531 179 + 169
FMN2_2 240255184 240255809 240256007 199 + 625
FMN2_3 240255184 240256241 240256483 243 + 1057
FMN2_4 240255184 240256757 240257017 261 + 1573

Start: The starting position of the product on the reference genome; TSS: The mRNA transcription initiation site; End: The end position of the product on
the reference genome; Length: the product length; Target strand: The product orientation; Distance2TSS: The distance from the product to the TSS.

Table 3 Primers used for the MethylTarget™ assays

States) for 96 h (5 umol/L), with daily replacement of the
drug and medium. Untreated cells were used as a control

Primer name Primer group.

FMN2_1_F GAGGGTYGGGATGGTTTGAG

FMN2_1_R CCCCCRCTCCCCTTCTIT DNA extraction and bisulfate treatment

Exﬁi—ig AAA?:TGCTTG:/SZEESZ;TTTE??TC;TCTcc DNA was isolated with an Easypure Genomic DNA kit
— Attty iy (TransGen B|,ot.ech, Bg]lng, China) accordmg. to the
FMN2_3R AAACRCATCCTCAAAAACATCCT manufacturer’s instructions. The DNA concentration was
FMN2_4F TTTTTGAGTYGAGGGTTTAGAATTG assessed by spectrophotometry and confirmed by gel
FMN2_4R CACRTTCTAAAAACCATCCRCAAC electrophoresis; DNA was stored at -20 'C. An EZ DNA

Clinical samples were obtained from patients treated at
the Third Xiangya Hospital of Central South University
(Hunan, China) under informed consent and approval by
the Ethics Committee of Central South University (more
details about the clinical samples can be found in Table 1).

RNA purification and reverse transcription-PCR

Total RNA was extracted using TRIzol reagent (Invitrogen,
United States). The reverse transcription reaction was
performed using ReverTra Ace gPCR RT Master Mix with
gDNA Remover (TOYOBO, Japan), and this kit includes
reagents for reverse transcription and for the removal
of genomic DNA (DNase I treatment). cDNA was
amplified with KOD SYBR® gPCR mix (TOYOBO, Japan)
on a LightCycler® 48011 system (Roche) according
to the manufacturer’s instructions (FMN2 primers:
forward, GCGAACGCTGTTGGAGAAG and reverse,
CTGATTACACGGTTCCCTGAAG).

Treatment with 5-aza-2’-deoxycytidine

Cells were grown in appropriate culture conditions. For
demethylation treatment, colorectal cells were treated
with 5-aza-2’-deoxycytidine (5-Aza) (Sigma, United

JRaishideng®
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Methylation Gold™ Kit (Zymo Research Corporation, CA,
United States) was used to convert all unmethylated
cytosine to uracils.

DNA methylation analysis

MethylTarget™ assays (targeted bisulfite sequencing)
developed by Genesky BioTech (Shanghai, China) were
carried out as previously described®'”, Briefly, CpG
islands adjacent to the promoter region of the FMN2
gene were analyzed, and based on these CpG islands,
four CpG regions from CpG islands in FMN2 were se-
quenced (the details, including the relative distance from
the transcriptional start site, amplification primers, and
product size, of these CpG regions can be found in Tables
2 and 3). Genomic DNA was converted with bisulfite,
and PCR was performed to amplify the targeted DNA
sequences. The products were sequenced on an Illumina
MiSeq benchtop sequencer (Illumina, CA, United States).

Bioinformatics

Cosmic'!, a database cataloguing somatic mutations
in human cancer, was used to assess methylation mu-
tations in human cancer tissues. Datasets for CRC, in-
cluding GEO GSE20842, GSE8671, and GSE4183, as
well as TCGA™, were used to assess the expression level
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of FMNZ2. Data about DNA methylation, the patients, and
the samples were downloaded from the TCGA database
(https://cancergenome.nih.gov/).

Statistical analysis

GraphPad Prism 7 software was used to analyze the
data. The methylation and expression levels in normal,
adenoma, and cancerous tissues, as well as the me-
thylation level in different clinical materials, were as-
sessed by two-tailed unpaired Student’s t-tests; box-
whisker plots depict the means, 1% and 3™ quartiles,
and minimum/maximum. The error bars in the figures
represent SDs. Spearman’s correlation coefficient (r) was
used to determine the correlation. Overall survival (OS)
and disease-free survival (DFS) were estimated using the
Kaplan-Meier method. Receiver operating characteristic
curves were constructed based on the level of FMN2
methylation. The data were considered nonsignificant for
P> 0.05.

RESULTS

Analysis of FMN2 expression in large-scale human CRC
expression datasets

Previous studies demonstrated that FMN2 is underex-
pressed in CRC. To further confirm the expression charac-
teristics of FMNZ2 in CRC, we expanded our analysis to
published, large-scale human CRC expression datasets.
GSE20842, which contains 65 paired samples of tumor
and mucosal tissue samples from 65 CRC patients, was
used to assess FMN2 expression; we found a statistically
significant downregulation of FMN2 expression from
normal colorectal tissue to carcinoma tissue (P < 0.0001)
(Figure 1A). An identical pattern was observed in human
CRC samples from TCGA (P < 0.0001); however, it is
noteworthy that we found that the expression level of
FMN2 was significantly lower in early-stage CRC tissues
(stagesI + 0 vsstages I + IV, P = 0.02) (Figure 1B),
which indicates that FMN2 downregulation may be an
important early event in CRC. To confirm this finding,
GSE8671, which contains 32 colorectal adenoma and
corresponding normal colonic mucosa samples, was
downloaded to analyze FMN2 expression; we found a sta-
tistically significant downregulation of FMNZ2 expression
from normal colorectal tissue to adenoma tissue (P <
0.0001) (Figure 1C). In addition, we downloaded the
GSE4183 dataset, which contains colonic biopsies of 15
patients with CRC, 15 patients with adenoma, and 8
healthy normal controls, to simultaneously assess the
reduction of FMNZ2 in adenomas and cancer tissues. As
shown in Figure 1D, adenoma tissues displayed a greater
reduction in expression (P = 0.0002) than tumor tissues
(P=0.01).

High frequency of hypermethylation occurs in the FMN2
gene promoter in CRC tissues

Somatic mutation in cancer is an important reason for
the aberrant expression of genes, so the Catalogue of
Somatic Mutations in Cancer (COSMIC), the world’s
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largest and most comprehensive resource for exploring
the impact of somatic mutations in human cancer, was
used to analyze the somatic mutations of FMN2 in CRC
tissues. The result indicated that methylation was the
main somatic mutation and that FMN2 gene promoter
hypermethylation occurred in 37.37% of CRC tissues.
In addition, COSMIC indicated that FMN2 methylation
mainly occurred in CRC tissues and was the most
common somatic mutation among all human tumor
tissues and that FMN2 was one of the top 20 genes
with an extremely high frequency of hypermethylation
in CRC. Then, FMN2 gene promoter DNA methylation
profiles were downloaded from TCGA; the results re-
vealed a statistically significant hypermethylation of
FMNZ2 in tumor tissues compared with adjacent non-
tumor tissue samples (P < 0.0001) (Figure 1E). We
next assessed the accuracy of the FMN2 methylation
signature for the detection of CRC via receiver operating
characteristic curve analysis, and the analysis revealed
a good capability for discriminating between CRC and
nonneoplastic tissue specimens (AUC = 0.8432, 95%CI:
0.8022-0.8841; P < 0.0001) (Figure 1F).

Analysis of the features of methylation-associated FMN2
silencing in CRC tissue and cells

The majority of research indicates that promoter hyper-
methylation is a key mediator underlying the down-
regulation of gene expression. The high frequency of
hypermethylation in the FMN2 gene promoter and the
significant inverse correlation between methylation
levels and the expression of FMN2 in 372 CRC tissues
(Figure 2A) remind us that methylation is the main cause
of FMN2 gene silencing. To investigate this topic, nine
paired colorectal tumor samples and adjacent nontumor
tissue samples (for details, see Table 1) were selected for
RT-gPCR and MethylTarget™ assays. We first examined
FMNZ2 expression using RT-gPCR in these paired samples.
A significant reduction in FMNZ2 expression was observed
in seven of the nine CRC tissues (Figure 2B). Then,
based on the CpG islands adjacent to the FMN2 promoter
region, four CpG regions (FMN2-1, FMN2-2, FMN2-3,
and FMNZ2-4, the details of which can be found in Table
2) from CpG islands were amplified and sequenced. The
result demonstrated that CRC tissues revealed a stronger
methylation pattern than noncancerous tissues and
identified three CpG regions, namely, FMN2-2, FMN2-3,
and FMN2-4, with a statistically significant difference (P
= 0.0069, P = 0.0094, and P = 0.0005, respectively)
(Figure 2C-F; Table 2). Notably, tumor tissues (cases
1, 3-7, and 9) exhibiting lower FMN2 expression than
the corresponding noncancerous tissues displayed an
increase in methylation at these islands compared with
the noncancerous tissues, whereas CRC cases 2 and 8,
with moderate FMN2 expression, revealed a methylation
pattern similar to that of the corresponding noncancerous
tissues. Correlation analysis revealed a strong inverse
correlation between the methylation of island 2 (r =
-0.86), island 4 (r = -0.71), and island 3 (r = -0.78)
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Figure 1 Colorectal tissues show decreased formin 2 expression and a high frequency of hypermethylation in the formin 2 promoter. A: Normalized
expression of formin 2 (FMN2) mRNA in carcinoma and adjacent normal tissues, presented as box-whisker plots (unpaired t-test, GEO: GSE20842); B: Normalized
expression of FMN2 mRNA in tissue from different stages of carcinoma (according to the AJCC Cancer Staging Manual) and in normal tissue, presented as box-
whisker plots (unpaired t-test, colorectal cancer samples from TCGA); C: Normalized expression of FMN2 mRNA in adenoma and corresponding normal colonic
mucosal tissues, presented as box-whisker plots (unpaired t-test, GEO: GSE8671); D: Normalized expression of FMN2 mRNA in normal, adenoma, and carcinoma
tissues, presented as box-whisker plots (unpaired t-test, GEO: GSE4183); E: The FMN2 gene shows an increased methylation level in colorectal cancer tissues
compared with normal tissues (unpaired t-test, colorectal cancer samples from TCGA); F: Receiver operating characteristic curve analysis was used to assess the
clinical diagnostic utility of FMN2 DNA methylation for the prediction of colorectal cancer.
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Figure 2 Hypermethylation of formin 2 correlates with decreased expression of formin 2 during colorectal cancer. A: The expression of the formin 2 (FMN2)
gene is significantly inversely correlated with the methylation level (Pearson correlation analysis); B: Quantitative real-time RT-PCR for FMN2 was carried out on nine
colorectal cancer surgical specimens (filled bars) and paired noncancerous tissues (unfilled bars). The expression levels in the tumor samples were independently
calculated relative to those in the nontumor samples, which are normalized to 1. Vertical bar, SD; °P < 0.05, °P < 0.03, °P < 0.01 (unpaired t-test); C-F: Results of
MethylTarget™ assays on nine paired noncancerous tissues and colorectal cancer tissues. Four CpG regions (FMN2-1, FMN2-2, FMN2-3, and FMN2-4) from CpG
islands adjacent to the FMN2 promoter were sequenced (unpaired t-test. More details about the four CpG regions can be found in Table 2).

and FMNZ2 expression (data not shown). In addition, we
assessed the methylation level of each CG site in CpG
island regions and found that 8 of 14 CG sites in FMN2-1
and all CG sites in FMN2-2 (13/13), FMN2-3 (23/23),
and FMN2-4 (27/27) revealed a significantly stronger
methylation pattern in the tumor tissues than in the
corresponding noncancerous tissues (Table 4).

JRaishideng®

We next wondered whether promoter hypermethy-
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lation at these loci and FMNZ2 expression are causally
related. To answer this question, four CRC cell lines
(HCT116, HT29, SW480, and SW620) were selected
for MethylTarget™ assays. The result revealed a high
level of DNA methylation in all CRC cell lines, whereas
only limited methylation was observed in normal colon
tissue from a healthy individual (Figure 3A). Then, we
treated HCT116, HT29, and SW480 cells with 5-Aza;
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Table 4 Methylation level of each CG site in the CpG island regions

Target Position Type P value (z-test) OR (L95-U95) (logistic) C mean N mean
FMN2_1 25 CG 0.007774578 2.1731 (0.9323-5.0653) 0.17 0.04
FMN2_1 27 CG 0.01061292 1.5266 (0.8980-2.5953) 0.16 0.03
FMN2_1 30 CG 0.1359111 1.3535 (0.7970-2.2986) 0.15 0.03
FMN2_1 32 CG 0.01875771 1.7416 (0.8662-3.5016) 0.16 0.04
FMN2_1 35 CG 0.03998355 1.2722 (0.8959-1.8068) 0.18 0.05
FMN2_1 38 CG 0.01419169 1.6993 (0.8462-3.4125) 0.16 0.03
FMN2_1 46 CG 0.003990128 2.2454 (0.9140-5.5161) 0.15 0.02
FMN2_1 90 CG 0.1134924 1.3103 (0.6401-2.6825) 0.16 0.03
FMN2_1 108 CG 0.06252571 1.2532 (0.7873-1.9948) 0.17 0.04
FMN2_1 114 CG 0.1134924 1.1858 (0.8641-1.6273) 0.18 0.05
FMN2_1 117 CG 0.05030852 1.3499 (0.8867-2.0550) 0.19 0.04
FMN2_1 123 CG 0.01061292 2.2247 (0.9162-5.4017) 0.16 0.03
FMN2_1 126 CG 0.09391197 1.2852 (0.7471-2.2110) 0.16 0.03
FMN2_1 134 CG 0.01875771 2.4645 (0.6195-9.8050) 0.16 0.02
FMN2_2 27 CG 0.000493624 1.3442 (1.0433-1.7321) 0.28 0.07
FMN2_2 51 CG 0.01419169 1.2762 (0.9670-1.6843) 0.17 0.04
FMN2_2 63 CG 0.007774578 1.4062 (0.9872-2.0030) 0.37 0.25
FMN2_2 70 CG 0.000781571 1.3753 (1.0378-1.8226) 0.24 0.05
FMN2_2 74 CG 0.000493624 1.3079 (1.0283-1.6636) 0.31 0.07
FMN2_2 78 CG 0.000287947 1.3676 (1.0603-1.7639) 0.25 0.05
FMN2_2 81 CG 0.00185109 1.3630 (0.9664-1.9224) 0.21 0.05
FMN2_2 107 CG 0.000493624 1.3025 (0.9942-1.7063) 0.24 0.06
FMN2_2 131 CG 0.007774578 1.2706 (0.9662-1.6708) 0.15 0.03
FMN2_2 137 CG 0.002756067 1.3002 (0.9986-1.6928) 0.21 0.05
FMN2_2 143 CG 0.00123406 1.3743 (1.0297-1.8341) 0.20 0.04
FMN2_2 164 CG 0.000287947 1.3527 (1.0108-1.8101) 0.29 0.07
FMN2_2 170 CG 0.00123406 1.2431 (1.0019-1.5424) 0.28 0.08
FMN2_3 24 CG 0.005635541 1.3854 (0.9994-1.9207) 0.20 0.05
FMN2_3 31 CG 0.005635541 1.4241 (0.9731-2.0841) 0.23 0.04
FMN2_3 47 CG 0.002756067 1.3776 (0.9695-1.9574) 0.24 0.06
FMN2_3 50 CG 0.003990128 1.3787 (1.0219-1.8599) 0.22 0.05
FMN2_3 57 CG 0.00123406 1.3592 (1.0212-1.8091) 0.25 0.06
FMN2_3 60 CG 0.003990128 1.5630 (0.9433-2.5897) 0.19 0.04
FMN2_3 68 CG 0.00185109 1.3474 (1.0273-1.7673) 0.23 0.06
FMN2_3 75 CG 0.00123406 1.3787 (0.9962-1.9082) 0.26 0.06
FMN2_3 80 CG 0.00123406 1.3582 (0.9518-1.9380) 0.24 0.05
FMN2_3 92 CG 0.00185109 1.3665 (0.9746-1.9159) 0.23 0.05
FMN2_3 98 CG 0.00123406 1.3200 (0.9414-1.8509) 0.27 0.06
FMN2_3 105 CG 0.000781571 1.4801 (0.9296-2.3566) 0.22 0.04
FMN2_3 107 CG 0.007774578 1.2402 (1.0141-1.5168) 0.21 0.05
FMN2_3 119 CG 0.00123406 1.4326 (0.9810-2.0921) 0.19 0.04
FMN2_3 131 CG 0.000493624 1.7790 (0.9589-3.3006) 0.22 0.04
FMN2_3 147 CG 0.007774578 1.3343 (0.9443-1.8856) 0.20 0.04
FMN2_3 153 CG 0.000493624 1.5405 (0.9677-2.4523) 0.22 0.05
FMN2_3 158 CG 8.23E-05 1.9417 (0.8981-4.1979) 0.31 0.08
FMN2_3 170 CG 4.11E-05 1714240.0000 (0.0000-Inf) 0.32 0.08
FMN2_3 174 CG 4.11E-05 11577516733.0000 (0.0000-Inf) 0.34 0.08
FMN2_3 183 CG 0.000287947 1.6836 (0.9224-3.0731) 0.28 0.06
FMN2_3 187 CG 0.000287947 1.4526 (0.9861-2.1399) 0.27 0.06
FMN2_3 203 CG 0.000781571 1.4980 (0.9815-2.2861) 0.25 0.05
FMN2 4 36 CG 0.003990128 1.1409 (1.0248-1.2702) 041 0.14
FMN2_4 42 CG 0.002756067 1.2068 (1.0353-1.4068) 0.38 0.12
FMN2_4 47 CG 0.000781571 1.2264 (1.0309-1.4589) 0.37 0.10
FMN2_4 61 CG 0.005386639 1.1552 (1.0206-1.3075) 0.38 0.10
FMN2_4 66 CG 0.0003108 243.9222 (0.0000-Inf) 0.40 0.09
FMN2_4 69 CG 8.23E-05 1.7294 (0.6520-4.5874) 0.42 0.09
FMN2_4 72 CG 0.003990128 1.2209 (1.0296-1.4477) 0.4 0.13
FMN2_4 80 CG 4.11E-05 2515571.0000 (0.0000-Inf) 0.48 0.18
FMN2_4 84 CG 0.00185109 1.2366 (1.0241-1.4931) 0.39 0.12
FMN2_4 94 CG 0.002756067 1.2121 (1.0363-1.4178) 0.38 0.12
FMN2_4 98 CG 0.003990128 1.1618 (1.0236-1.3186) 0.36 0.11
FMN2_4 110 CG 0.00185109 1.1712 (1.0253-1.3378) 0.44 0.19
FMN2_4 123 CG 0.000781571 1.2218 (1.0321-1.4463) 0.40 0.10
FMN2_4 127 CG 0.00185109 1.2220 (1.0324-1.4464) 0.39 0.11
FMN2_4 131 CG 8.23E-05 1.3179 (1.0259-1.6931) 0.38 0.08
FMN2_4 136 CG 0.003990128 1.1979 (1.0209-1.4054) 0.34 0.09
FMN2_4 150 CG 4.11E-05 1217702.0000 (0.0000-Inf) 0.54 0.22
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Figure 3 Promoter hypermethylation and formin 2 expression are causally related. A: Results of MethylTarget™ assays on four colorectal cancer cell lines and
normal colon cells from a healthy individual; B: The inhibition of DNA methylation with 5-Aza significantly increased the endogenous FMN2 expression (unpaired t-test).

the inhibition of DNA methylation by 5-Aza significantly
increased the endogenous FMN2 expression (Figure 3B).

FMN2 promoter hypermethylation is an early event in
CRC

To analyze the clinicopathological significance of FMNZ2
promoter methylation, we divided the patients into a
high-methylation group and a low-methylation group
according to the median value of methylation. The as-
sociation between clinicopathological factors and FMN2
methylation was analyzed (Table 5). High FMN2 methy-
lation was associated with age (P = 0.0006), N stage
(P = 0.0293), pathologic tumor stage (P = 0.0161),
and lymphovascular invasion (P = 0.0180). Notably, the
association analysis showed that the highest methylation
level of FMN2 occurred in tissues from cases of early-
stage CRC, including cases with no regional lymph node
metastasis (NO), cases in stages I and 1T, and cases with
no lymphovascular invasion; the methylation level began
to decrease with tumor progression. To understand our
conclusions more intuitively, we then performed unpaired
t-tests based on the pathological data. An identical pat-
tern is shown in Figure 4A-C; DNA methylation of the
FMN2 gene increased from normal tissues to cancer
tissues, reaching the highest level in early-stage cancer
(NO, stages1 and I, and no lymphovascular invasion)
and decreasing stepwise in advanced-stage carcinomas.
However, it is worth noting that the methylation level of
FMNZ2 in advanced-stage carcinomas is still significantly
higher than that in normal tissue (P < 0.0001). Addi-
tionally, we analyzed the methylation level of FMNZ2 ac-
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cording to the primary tumor site, and the result showed
that there were statistically significant differences among
the means (P < 0.0001) and that tumors located in the
sigmoid colon and rectum had a relatively low FMN2 me-
thylation level (Figure 4D). Furthermore, we found that
FMNZ2 promoter hypermethylation was not associated
with OS or DFS (Figure 4E and F). All these results
indicated that FMN2 promoter hypermethylation mainly
occurred in elderly and early-stage patients with colon
cancer.

DISCUSSION

In this article we first reported that a high frequency of
hypermethylation occurred in the promoter of the FMN2
gene in CRC tissues and that hypermethylation was
responsible for the silencing of FMN2, which suggests
that the epigenetic silencing of FMN2 may be an im-
portant event in CRC. To the best of our knowledge,
although FMN2 was one of the top 20 genes with an
extremely high frequency of hypermethylation in CRC
(COSMIC, https://cancer.sanger.ac.uk/cosmic), this study
is the first and only to investigate the regulation of the
FMN2 gene by methylation.

Previously, studies and investigations of publicly
available datasets in FireBrowse (http://firebrowse.org/)
have demonstrated differential FMN2 RNA expression
in human tumors, depending on the tumor type. For
example, FMNZ2 is overexpressed in approximately
95% of pre-B acute lymphoblastic leukemias™ but is
underexpressed in kidney renal clear cell carcinoma

November 28, 2018 | Volume 24 | Issue 44 |



Li D] et a/. Methylation-associated silencing of FMN2 in CRC

Table 5 Relationship between formin 2 methylation levels and clinicopathological data

Factor No. FMN2 P value
Low, 7 (%) High, n (%)

Age (yr)
<60 136 66 (45.83) 70 (28.69) 0.0006"
= 60 252 78 (54.17) 174 (71.31)

Gender
Male 210 72 (50.00) 138 (56.56) 0.2105
Female 178 72 (50.00) 106 (43.44)

Height (cm)
<170 138 52 (48.60) 86 (47.25) 0.8250
= 170 151 55 (51.40) 96 (52.75)

Weight (kg)
<80 156 56 (49.12) 100 (51.55) 0.6812
= 80 152 58 (50.88) 94 (48.45)

T
T1 11 5(3.47) 6(2.47) 0.4830
T2 54 16 (11.11) 38 (15.71)
T3 270 106 (73.61) 164 (67.77)
T4 51 17 (11.81) 34 (14.05)

N
NO 212 69 (47.92) 143 (59.34) 0.0293"
N1 + N2 173 75 (52.08) 98 (40.66)

M
MO 264 98 (80.33) 166 (85.13) 0.2651
M1 53 24 (19.67) 29 (14.87)

Stage
I +1 197 62 (45.26) 135 (58.19) 0.0161"
m+ NV 172 75 (54.74) 97 (41.81)

Lymphovascular invasion
Yes 231 77 (60.63) 154 (72.99) 0.0180"
No 107 50 (39.37) 57 (27.01)

Vascular invasion
Yes 78 31 (24.80) 47 (22.71) 0.6627
No 254 94 (75.20) 160 (77.29)

Perineural invasion
Yes 59 20 (24.39) 39 (26.53) 0.7225
No 170 62 (75.61) 108 (73.47)

Tumor status
Tumor-free 246 86 (71.07) 160 (77.29) 0.2094
Tumor-present 82 35 (28.93) 47 (22.71)

KRAS mutation
Yes 28 8 (42.11) 20 (54.05) 0.3972
No 28 11 (57.89) 17 (45.95)

"Indicates a statistically significant result. TNM stage was defined according to the AJCC Cancer Staging Manual. Tumor status: The state or condition of an

individual's neoplasm at a particular point in time.

(FireBrowse); the mechanism underlying these pheno-
mena has not been studied. In our research, we iden-
tified that FMNZ2 is underexpressed in CRC tissues and
were the first to explore the underlying mechanism.
Epigenetic modifications of DNA, such as DNA promoter
hypermethylation, have critical roles in mediating gene
expression in mammalian development and human
disease™. Methylation-mediated silencing of some
genes in CRC has been reported in previous studies; for
example, Lgr5 methylation, by effecting Lgr5 expression
and CRC stem cell differentiation, may serve as a novel
prognostic marker in CRC patientst*, SMYD3 promoter
hypomethylation suppressed SMYD3 expression and was
associated with the risk of CRC!"*. Based on the fact that
a high frequency of hypermethylation occurred in the
FMNZ2 gene promoter in CRC tissues, we found that both
the downregulation of FMN2 expression and the high
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frequency of hypermethylation occurred at the earliest
stages of carcinogenesis; furthermore, these parameters
had a significant inverse correlation in both our study and
in published, large-scale human CRC electronic datasets.
We also carried out MethylTarget™ assays in paired CRC
tissues and inhibited DNA methylation with 5-Aza in CRC
cells, which identified that hypermethylation and FMN2
expression are causally related.

It is particularly important to determine which CpG
islands adjacent to the promoter affect the expression
of a gene, because this knowledge can provide direc-
tions for future research and potential targets for
treatment. For example, Tavazoie SF'®! found that the
Mest/miR-335 promoter contained three CpG islands
upstream of the transcriptional start site; among these
CpG islands, island 3 demonstrated a strong inverse
correlation between methylation and miR-335 expression
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(” = -0.81). The methylation status of island 3 plays a
key role in inhibiting miR-335 expression. An identical
pattern was observed in our study; we found that al-
though the methylation status of FMN2-2, -3 and -4
was significantly increased in the eight CRC tissues, the
methylation of FMN2-1 was not significantly higher than
that in the paired nontumor tissues. All these findings
suggest that during CRC progression, FMNZ2 expression
may be mainly mediated by the methylation of a specific
CpG island region in the FMNZ2 promoter.

In addition, we found that the hypermethylation of
FMNZ2 was significantly associated with age, N stage,
pathologic tumor stage, and lymphovascular invasion.
Notably, the association analysis showed that the
highest methylation level of FMN2 occurred in tissues
from cases of early-stage CRC, including cases with no
regional lymph node metastasis (NO), cases in stages I
and I, and cases with no lymphovascular invasion and
that the methylation level began to decrease with tu-
mor progression. Identical results have been reported
in previous research. In endometrial tumorigenesis,
Schneider-Stock™” found that DNA methylation of the
APC gene increased from atypical hyperplasia (23.5%)
to endometrial carcinoma, reaching its highest level
of 77.4% in early-stage cancer (FIGO stages1 and
II') and decreasing stepwise to 24.2% in advanced-
stage carcinomas (FIGO stages Il and IV). Epigenetic
inactivation of the candidate tumor suppressor USP44
is a frequent and early event in colorectal neoplasia™®,
and P16 methylation is an early event in cervical car-
cinogenesis™. All these studies, along with ours, have
identified that DNA hypermethylation can be an early
event in tumorigenesis. Hypermethylation most likely
plays a critical role in cancer initiation, and creates an
environment conducive to the overwhelming accumu-
lation of simultaneous genetic and epigenetic muta-
tions'®, Additionally, we identified that patients younger
than 60 years and patients with tumors located in the
sigmoid colon and rectum exhibit relatively low FMN2
methylation levels, which indicates that the methylation-
associated silencing of FMN2 may be involved in specific
patients. In addition, Grady™"' identified that the patterns
of DNA methylation in the colon vary by anatomical
location, patient gender, and patient age.

In summary, we identified that the RNA expression
of FMNZ2 is reduced in CRC tissues and were the first
to reveal that the hypermethylation of specific CpG
islands adjacent to the FMN2 promoter is the mecha-
nism underlying FMNZ2 silencing. Although the FMNZ2
methylation is significantly stronger in tumor tissues than
in paired nontumor tissues, the methylation level begins
to decrease with tumor progression, which suggests that
DNA hypermethylation is an early event in CRC tumo-
rigenesis and can serve as a biomarker for the detection
of CRC.

ARTICLE HIGHLIGHTS

Research background
Colorectal cancer (CRC) is a critical contributor to cancer mortality and
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morbidity, and some critical genes and pathways were important in the initiation
and progression of CRC. Recent studies have shown that formin 2 (FMN2) may
be down-regulated in CRC. Whether FMNZ is abnormally expressed in CRC
and what causes its abnormal expression are unclear. Revealing the role of
FMN2 in CRC may provide potential therapeutic targets.

Research motivation

Epigenetic modifications of DNA, especially promoter hypermethylation,
have critical roles in mediating some gene expression in the initiation and
progression of CRC. Whether abnormal DNA methylation changes can occur
in the promoter of the FMN2 gene in CRC and whether such changes can be
responsible for the silencing of FMN2 are poorly known. So the main topic in
this article is to try to solve this question that epigenetic silencing of FMN2 may
be an important event in CRC. All can provide the basis and direction for future
research.

Research objectives

This study focuses on whether FMN2 is underexpressed in CRC, and whether
methylation changes occur in CpG islands located in the promoter region of
FMNZ2. If changes occur, what are the characteristics of fragments and CpG
sites in these CpG islands? What is the core fragment of the change? Does
methylation change silence the expression of FMNZ2, and is there a correlation
between methylation changes in FMN2 and clinical indicators of CRC? The
answers to these questions can better explain the role of FMN2 in CRC.

Research methods

Large-scale human CRC expression datasets, including GEO and TCGA, were
used to assess the expression levels and methylation levels of FMN2 in CRC.
Then, the mRNA levels of FMN2 in our own clinical samples was analyzed
by real-time quantitative polymerase chain reaction, and the methylation
levels in four CpG regions adjacent to the FMN2 promoter were assessed by
MethylTarget™ assays in CRC cells and in paired colorectal tumor samples and
adjacent nontumor tissue samples. Furthermore, we performed demethylation
treatment in CRC cells with 5-Aza-2’-deoxycytidine and assessed the
expression of FMN2 by qRT-PCR. Last, the association between FMN2
methylation patterns and clinical indicators was analyzed.

Research results

FMN2 is underexpressed in CRC, and the most obvious low expression
occurs in early colon cancer tissues. Subsequent analysis coming from large-
scale human CRC datasets showed that FMN2 was one of the top 20 genes
with an extremely high frequency of hypermethylation in CRC, methylation
was the main somatic mutation, and FMN2 gene promoter hypermethylation
occurred in 37.37% of CRC tissues. Our own experiments confirmed that CRC
cells and tissues displayed higher methylation levels in CpG regions of FMN2
than nontumor tissue samples. Correlation analysis showed a strong inverse
correlation between methylation and FMN2 expression. Treatment of CRC cells
with demethylation reagent, 5-Aza-2'-deoxycytidine, can significantly increase
endogenous FMN2 expression. The highest methylation of FMN2 occurred
in tissues from cases of early-stage CRC, including cases with no regional
lymph node metastasis (NO), cases in stages | and Il, and cases with no
lymphovascular invasion. Additionally, FMN2 promoter hypermethylation was
more common in patients > 60 years and in colon cancer tissue.

Research conclusions

In this article we confirmed the low expression of FMN2 in CRC and first
reported that a high frequency of hypermethylation occurred in the promoter of
the FMN2 gene in CRC tissues and that hypermethylation was responsible for
the silencing of FMNZ. It is worth noting that we found that the low expression
and hypermethylation of FMN2 occurred more prominently in early colon
cancer tissues, which suggests that DNA hypermethylation leading to the
low expression of the FMN2 gene may be an important early event in CRC,
most likely playing a critical role in cancer initiation, and can serve as an ideal
diagnostic biomarker in elderly patients with early-stage colon cancer.

Research perspectives

In the era of big data, the rational use of tumor databases such as TCGA, GEO,
and COSMIC can provide us with valuable information. The emergence of
some new technologies can provide more accurate data for our experiments.
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For example, MethylTarget™ assays developed by Genesky BioTech used in
this article can be used very well for methylation analysis. Involvement of the
methylation-associated silencing of FMN2 in colorectal carcinogenesis may
be a valuable research direction. Future research can select more clinical
specimens to explore whether it can be used as a good clinical diagnostic
index, and can also develop demethylation treatment. The article on the
relationship between FMN2 and CRC is rare, so further study investigating
whether FMN2 participates in the process of colorectal carcinogenesis and its
underlying mechanisms are very important.
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Abstract

AIM

To examine the association between the timing of endo-
scopy and the short-term outcomes of acute variceal
bleeding in cirrhotic patients.

METHODS

This retrospective study included 274 consecutive patients
admitted with acute esophageal variceal bleeding of two
tertiary hospitals in Korea. We adjusted confounding
factors using the Cox proportional hazards model and the
inverse probability weighting (IPW) method. The primary
outcome was the mortality of patients within 6 wk.

RESULTS

A total of 173 patients received urgent endoscopy (i.e.,
< 12 h after admission), and 101 patients received non-
urgent endoscopy (> 12 h after admission). The 6-wk
mortality rate was 22.5% in the urgent endoscopy group
and 29.7% in the non-urgent endoscopy group, and there
was no significant difference between the two groups
before (P = 0.266) and after IPW (P = 0.639). The
length of hospital stay was statistically different between
the urgent group and non-urgent group (P = 0.033);
however, there was no significant difference in the in-
hospital mortality rate between the two groups (8.1%
vs 7.9%, P = 0.960). In multivariate analyses, timing of
endoscopy was not associated with 6-wk mortality (hazard
ratio, 1.297; 95% confidence interval, 0.806-2.089; P =
0.284).

CONCLUSION

In cirrhotic patients with acute variceal bleeding, the
timing of endoscopy may be independent of short-term
mortality.

Key words: Cirrhosis; Endoscopy; Upper gastrointestinal
bleeding; Gastroesophageal varices; Timing

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Most guidelines recommend performing endo-
scopy for acute variceal bleeding within 12 h. However,
the evidence level for this recommendation is very
low. We found that, after inverse probability weighting
matching, compared to non-urgent endoscopy, performing
endoscopy within 12 h of admission (so-called urgent
endoscopy) was not associated with short-term prognosis,
including overall survival at 6 wk or transplant-free survival
at 6 wk. Rather, age, hepatocellular carcinoma, model for
end-stage liver disease score, and degree of ascites were
related to short-term mortality. These results indicate
that, in cirrhotic patients with acute variceal bleeding, the
timing of endoscopy does not appear to be associated
with short-term prognosis.
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INTRODUCTION

Variceal bleeding is a common complication of cirrhosis of
the liver, and in patients with cirrhosis, is found to be the
cause of 60%-65% of bleeding episodes'™. It increases
the risk of mortality by approximately 15%-20%. Many
guidelines recommend a standardized treatment of
acute variceal bleeding™"!. Endoscopic procedures and
endoscopic hemostasis techniques, e.g., band ligation,
are considered very important in the treatment of such
patients'®, with most guidelines recommending that
emergency endoscopy be performed within 12 h of hos-
pital arrival*®,

However, this recommendation appears to be based
on “expert opinion”, rather than on the level of evidence,
which is in fact very low. For example, one survey
showed significant variability in gastoenterologists’ opi-
nion of the timing of emergency endoscopy following
variceal bleeding'”’. Moreover, there is little related re-
search to date to support this current recommendation
of endoscopy within 12 h of hospital arrival®®®’. However,
providing better evidence by clinically performing a
randomized controlled trial on these acutely ill patients is
problematic, because of their unstable vital signs and the
ethical problems that would arise from this type of study.

Compared to other medical treatments such as
vasoactive agents, endoscopy is a relatively invasive
procedure and both the risk and benefit to the patient
need to be considered. If unnecessary endoscopies are
frequently performed, medical staff fatigue may increase
dramatically, and so may the medical costs!'®!. Moreover,
if endoscopy is performed too early, the examination
may be may not be adequate; for example it may be
marred by remnant blood clots etc. As well, the risk
of a procedure-related complication tends to increase
when endoscopy is performed too early in patients
with unstable condition compared to when performed
in a more stable state!®'"!, To date, a gold standard
recommended timing of endoscopy in patients with acute
variceal bleeding has not been clearly determined.

The aim of this study was to examine the association
between the timing of endoscopy and clinical outcomes
in acute esophageal variceal bleeding.

MATERIALS AND METHODS

Patients
We collected the data of cirrhotic patients undergoing
routine clinical care in either of two tertiary hospitals
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(Seoul National University Hospital and Soon Chun Hyang
University Bucheon Hospital) between January 2011 and
December 2015. The inclusion criteria were as follows: (1)
Cirrhotic patients admitted via the emergency room (ER)
with upper gastrointestinal bleeding (UGIB), and diag-
nosed through endoscopy with acute variceal bleeding;
and (2) aged over 19 years. Exclusion criteria were as
follows: (1) Patients who did not undergo endoscopic
examination during ER stay (n = 38); (2) UGIB from
other than variceal bleeding (e.g., peptic ulcer bleeding,
portal hypertensive gastropathy bleeding) (n = 165);
or (3) if endoscopy had been performed within 7 d prior
to admission (n = 7). In total, 484 patients met the
inclusion criteria and 210 patients were excluded as
above. Finally, 274 patients were analyzed.

Standard of care and endoscopic procedure

When a cirrhotic patient with UGIB arrived at the ER
of each hospital, adequate fluid resuscitation, a pro-
phylactic antibiotic, and a vasoactive drug with terli-
pressin were immediately administered at the time of
admission. If peptic ulcer bleeding could not be ruled
out, a proton pump inhibitor was also administrated. An
emergency medical specialist first examined the patient,
and consulted a gastrointestinal (GI) specialist about
whether an endoscopy was to be performed. Then, the
GI specialist determined the timing of the endoscopy,
considering each patient’s age, presence of comor-
bidities such as renal failure or cardiopulmonary disease,
presence of hepatic encephalopathy, hemodynamic
instability, and laboratory abnormalities including ane-
mia, lactic acidosis and coagulopathy. If patients did
not exhibit poor clinical factors or they had signs of
hepatic encephalopathy more than grade 1, delayed
endoscopic examination was considered. (In both hos-
pitals, a GI specialist with technical expertise in the
use of endoscopic devices is on call 24 h aday, 7d a
week.) Therapeutic endoscopy was performed using
standard video-endoscopes (GIF-Q260 or GIF-Q290;
Olympus, Tokyo, Japan). When EVL failed, salvage treat-
ments including endoscopic variceal obturation (EVO)
using n-butyl-2-cyanoacrylate (NBC), insertion of a
Sengstaken-Blakemore (SB) tube, transjugular intra-
hepatic portosystemic shunt, variceal embolization, or a
combination of multiple treatment modalities were per-
formed. When EVO was performed, NBC (Histoacryl®; B.
Braun Dexon, Spangenberg, Germany) was mixed with
ethiodized oil (Lipiodol; Guerbert, Roissy, France) and
was injected as a bolus dose of 0.5-2 mL, depending on
the amount of bleeding.

Data collection

Two independent reviewers (Yoo ]J and Chang Y),
each with more than 5 years of endoscopic experience,
screened medical records and endoscopic reports to
confirm that each case was of a true acute gastro-
esophageal variceal bleeding. If a patient was admitted
more than once during the study period due to variceal
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bleeding, the earliest visit was selected for inclusion in
the analysis. Demographics, relevant medical history,
any comorbid conditions, and relevant laboratory findings
at the time of admission were collected. Two widely-
studied UGIB prognostic scores of each of the patients,
namely the Glasgow-Blatchford score (GBS) and the
Rockall score, were also calculated™ ", If the patient
had died during the study period, the cause of death was
evaluated from hospital records, where possible.

Definitions

Time to endoscopy was defined as the time interval
from the hospital arrival to the initial endoscopic exami-
nation™. Urgent endoscopy was defined according to
the guidelines as an endoscopic examination performed
within 12 h of admission, and non-urgent endoscopy
defined as one performed after 12 h™®.,

The primary outcome for this study was the 6-wk
mortality rate following variceal bleeding. The secondary
outcomes were: 6-wk mortality or transplantation rates,
hospital admission duration, in-hospital mortality, and re-
bleeding rate.

Statistical analysis

Only the patients with complete data were analyzed in
this study. Frequencies with percentages and means
with standard deviations were used for descriptive sta-
tistics. Statistical differences between the groups were
investigated using the »° test or Fisher’s exact test for
categorical variables and the Student’s t test or Mann-
Whitney U test for continuous variables. Cumulative 6-wk
survival and transplant-free survival (TFS) rates after
acute variceal bleeding were estimated using the Kaplan-
Meier method, and differences between the curves were
compared using the log-rank test. In patients with loss
to follow-up, the data were censored on the last date
on which their survival status was known. The effect of
endoscopic timing on clinical outcomes was assessed
using the Cox proportional hazards regression model.
If multicollinearity occurred between the individual com-
ponents in the univariate analysis, only the most relevant
prognostic parameter was included in the final multi-
variable model. The inverse probability weighting method
based on propensity score was applied so as to correct
baseline differences between the two groups (urgent
endoscopy vs non-urgent endoscopy). A P-value less
than 0.05 was considered significant. Hazard ratios (HRs)
and 95% confidence intervals (CIs) were also calculated.
All statistical analyses were performed using R (version
3.3.3, The R Foundation for Statistical Computing,
Vienna, Austria), or PASW version 18.0 statistical
software (SPSS Inc.; Chicago, IL, United States).

RESULTS

Baseline characteristics
The baseline characteristics of the patients enrolled in
the study are reported in Table 1. The mean age of the
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Table 1 Baseline characteristics of patients before and after inverse probability weighting 7 (%)

Characteristics Unweighted Inverse probability weighting
All patients Urgent  Non-urgent P value  All patients Urgent  Non-urgent P value
(n = 274) endoscopy endoscopy (n = 272) endoscopy endoscopy
(n =173) (n = 101) (n =172) (n = 100)
Demographics
Age (yr) 58.05 £ 12.10 57.62 £ 12.09 58.77 £ 12.22 0.45 5814 +0.85 5817+1.03 58.10+1.34 0.971
Sex (male) 207 (75.5) 128 (74.0) 79 (78.2) 0.469 205 (74.6) 127 (37.2) 78 (37.4) 0.956
Hepatocellular carcinoma 149 (54.4) 97 (56.1) 52 (51.5) 0.452 148 (54.8) 97 (27.8) 51 (27.0) 0.830
Prior variceal upper GI bleeding 179 (65.3) 110 (63.6) 69 (68.3) 0.511 178 (65.7) 109 (32.3) 69 (33.5) 0.713
Prior non-variceal upper GI bleeding 8 (2.9) 2(1.2) 6 (5.9) 0.055 8 (2.9) 2(14) 6 (1.5) 0.890
Initial hepatic encephalopathy <0.001 0.939
None 241 (88.0) 164 (94.8) 77 (76.2) 239 (88.6) 163 (44.5) 76 (44.4)
Grade -1 16 (5.8) 5(29) 11 (10.9) 16 (5.4) 5(2.5) 11 (2.9)
Grade II-IV 17 (6.2) 4(23) 13 (12.9) 17 (5.7) 4(2.6) 13 (3.1)
Initial ascites 0.067 0.994
None 111 (40.5) 77 (445)  34(33.7) 111 41.1)  77(203)  34(20.8)
Mild 77(281)  50(289)  27(26.7) 76 (294) 49 (147) 27 (147)
Moderate to severe 86 (31.4) 46 (26.6) 40 (39.6) 85 (29.5) 46 (14.6) 39 (14.9)
Etiology 0.985 0.930
HBV 137 (50.0) 86 (49.8) 51 (50.5) 136 (49.7) 86 (24.4) 50 (25.33)
HCV 25 (9.1) 16 (9.2) 9(8.9) 25 (9.4) 16 (5.4) 9 (4.0)
Alcohol 69 (25.2) 43 (24.9) 26 (25.7) 68 (24.0) 42 (12.3) 26 (12.7)
Others 43 (15.7) 28 (16.2) 15 (14.9) 43 (16.0) 28 (8.0) 15 (8.0)
Vital signs
Systolic blood pressure (mm Hg) 117 £ 26 116 + 26 120 + 26 0.221 118 £2 116 £2 119£3 0.408
Heart rate (beat/min) 95+18 96 +19 94 +17 0.551 9% +1 9% +t1 95+2 0.827
Laboratory values
Hemoglobin 92+25 9.0+25 9.6+25 0.044 91+02 8.8+0.2 93+0.3 0.105
Platelet count (10°/mL) 117 +79 118 £ 78 114 £ 80 0.701 118 £5 119t 6 118 £ 8 0.917
Total bilirubin 38+58 BISES5%) 45+6.5 0.148 37104 36105 3.8+0.5 0.817
Serum albumin 29106 29+0.6 29+0.7 0.702 3.0+0.1 3.0+01 40+0.1 0.736
Prothromin time (INR) 1.6+1.8 14106 1.8+29 0.046 1.6+0.1 15+0.1 1.7+02 0.157
Serum creatinine 13+15 14+18 12+1.0 0.24 12+0.1 14+01 11+01 0.07
MELD score 15978 154169 169192 0.112 15605 156%+05 156%0.8 0.964
Prognostic scores
Glasgow-Blatchford score 91135 92133 91+39 0.818 93102 93103 93+0.4 0.907
Rockall score 39+14 40+14 3.6+15 0.021 34+01 39+01 39+02 0.875
Endoscopy
Time to endoscopy, hours, median (IQR) 12.7 4.0 (2.1-6.8) 19.5 <0.001 12.5 4.0 19.5 <0.001
(2.8-16.5) (15.0-35.5) (2.8-16.4) (2.2-6.8) (15.1-35.4)

Data are expressed as mean * standard deviation or number (percentage), unless otherwise stated. GI: Gastrointestinal; HBV: Hepatitis B virus; HCV:

Hepeatitis C virus; INR: International normalized ratio; MELD: Model for end-stage liver disease.

patients was 58.05 + 12.10 years, and 75.5% (207)
were male. The proportion of patients with hepatocellular
carcinoma (HCC) was 54.4% (149). Sixty-five percent
of the patients had experienced variceal bleeding prior to
the study period. Chronic hepatitis B virus (HBV) infection
was the most common etiology of cirrhosis, followed by
alcohol use and other causes. Sixty percent of patients
presented with any grade of ascites.

At the time of hospital arrival, the heart rate of the pa-
tients was found to be abnormally high, with an average
of 95 beat per minute, and their mean systolic pressure
was 116 £ 26 mmHg. They showed deteriorated liver
function with a mean model for end-stage liver disease
(MELD) score of 15.9 = 7.8 points. The mean Glasgow-
Blatchford score was 9.1 + 3.5 points, suggesting a poor
prognosis.

Patients underwent endoscopic examination at an ave-
rage of 9.1 £ 3.5 h after arrival at the hospital. Based on
the timing of the endoscopy, patients were divided into
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an urgent endoscopy group (< 12 h) and a non-urgent
endoscopy group (= 12 h). The baseline characteristics
of the two groups were similar and there was no
significant difference in the MELD scores (15.4 + 6.9 vs
16.9 + 9.2; P = 0.088) between the two groups.

Impact of endoscopic timing on outcomes

The 6-wk mortality rate was 22.5% in the urgent
endoscopy group and 29.7% in the non-urgent endo-
scopy group, and there were no significant differences
between the two groups (P = 0.266, Figure 1). After IPW,
the baseline characteristics were well balanced between
the two groups (Tables 1). The IPW-adjusted analysis
also showed that both groups did not differ in terms
of the risk of death (P = 0.639). The 6-wk mortality
or transplantation rate was slightly lower in the urgent
group but with marginal significance (P = 0.060, Figure
2). However, after IPW there was no significant difference
between the two groups (P = 0.532).
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Outcomes All patients Urgent endoscopy Non-urgent endoscopy P value
(n = 274) (n =173) (m = 101)

Hospital admission duration, days, median (IQR) 4.0 (3.0-9.5) 4.0 (2.0-9.0) 4.0 (3.0-11.0) 0.033

In-hospital mortality 22 (8.0) 14 (8.1) 8(7.9) 0.960

Re-bleeding rate 60 (21.9) 35 (20.2) 25 (24.8) 0.449

Six-week mortality 69 (25.2) 39 (22.5) 30 (29.7) 0.197

Liver transplantation 25(9.1) 14 (8.1) 11 (10.9) 0.515

Data are expressed as number (percentage), unless otherwise stated. IQR: Interquartile range.
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Figure 1 Comparison of 6-wk survival in the urgent and the non-
urgent endoscopy groups. Kaplan-Meier survival plot stratified by timing of
endoscopy of all patients. The dotted line indicates urgent endoscopy and the
solid line indicates non-urgent endoscopy. The black line is the unadjusted
cumulative survival graph before inverse probability weighting (IPW), and the
gray line is the adjusted after the IPW correction.
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Figure 2 Comparison of 6-wk transplant-free survival in the urgent and
the non-urgent endoscopy groups. Kaplan-Meier survival plot stratified by
timing of endoscopy of all patients. The dotted line indicates urgent endoscopy
and the solid line indicates non-urgent endoscopy. The black line is the
unadjusted cumulative graph before inverse probability weighting (IPW), and
the gray line is the adjusted after the IPW correction.

Other clinical outcomes
Other clinical outcomes are described in Table 2. Although
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Figure 3 Comparison of 6-wk re-bleeding rate in the urgent and the non-
urgent endoscopy groups. Kaplan-Meier survival plot stratified by timing of
endoscopy of all patients. The dotted line indicates urgent endoscopy and the
solid line indicates non-urgent endoscopy. The black line is the unadjusted
cumulative graph before inverse probability weighting (IPW), and the gray line

is the adjusted after the IPW correction.

the median hospital admission duration was similar in
both groups, significant differences observed in the mean

rank scores (i.e., Mann-Whitney U test), suggesting

that the data for the non-urgent group were more right

skewed (P = 0.033)™**!, However, there was no significant

difference in the in-hospital mortality rate between the

urgent group and the non-urgent group (8.1% vs 7.9%;
P = 0.960).

The rate of variceal re-bleeding within 6 wk was
10.4% in the urgent group and 12.9% in the non-urgent

group, which was statistically nonsignificant (P = 0.557).

The Kaplan-Meier analysis of time to re-bleeding also
showed no significant difference between the two groups

either before or after IPW matching (P = 0.538 and 0.631,
respectively; Figure 3).

Predictors of 6-wk mortality
Finally, we analyzed clinical predictors associated with

6-wk mortality (Table 3). Compared with non-urgent

endoscopy, urgent endoscopy was not independently
associated with short-term mortality [adjusted hazard
ratio (aHR): 1.297; 95% confidence interval (CI):
0.806-2.089; P = 0.284). On the other hand, the fol-
lowing were independent risk factors of 6-wk mortality:
advanced age (aHR: 1.035; 95%CI: 1.011-1.0059;
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Table 3 Cox proportional hazards model for 6-wk mortality

Variable Univariable Multivariable
HR (95%CI) P value HR (95%CI) P value
Age 1.037 (1.016-1.059) <0.001 1.035 (1.011-1.059) 0.004
Sex
Female 1
Male 0.946 (0.543-1.664) 0.845
Etiology
Non-viral 1 1
Viral 0.536 (0.319-0.902) 0.019 0.683 (0.384-1.214) 0.194
Hepatocellular carcinoma 2.442 (1.439-4.142) 0.001 1.929 (1.072-3.469) 0.028
Diabetes Mellitus 0.535 (0.292-0.978) 0.042 0.423 (0.225-0.795) 0.008
Hypertension 0.994 (0.521-1.894) 0.984
Prior variceal upper GI bleeding 0.916 (0.561-1.497) 0.726
Prior non-variceal upper GI bleeding 3.92E-8 (0-INF) 0.996
Systolic blood pressure 1.003 (0.994-1.012) 0.489
Heart rate 1.005 (0.992-1.018) 0.477
MELD score' 1.062 (1.041-1.083) <0.001 1.049(1.024-1.074) <0.001
ALT 1.001 (0.999-1.002) 0.123
Serum creatinine' 1.075 (1.013-1.197) 0.018
Serum total bilirubin' 1.047 (1.012-1.083) 0.007
Prothrombin time' 1.128 (1.043-1.221) 0.003
Initial hepatic encephalopathy
None 1 1
Grade -1 1.393 (0.558-3.477) 0.477 0.555 (0.200-1.537) 0.257
Grade II-IV 2.229 (1.062-4.677) 0.034 0.969 (0.449-2.088) 0.935
Initial ascites
None 1 1
Mild 2.064 (1.003-4.250) 0.049 1.604 (0.766-3.361) 0.210
Moderate to severe 4.675 (2.494-8.766) <0.001 3.346 (1.715-6.527) <0.001
Glasgow-Blatchford score 0.980 (0.917-1.047) 0.550
Rockall score 1.138 (0.968-1.338) 0.118
Timing of endoscopy
Non-urgent (= 12 h) 1
Urgent (< 12 h) 1.297 (0.806-2.088) 0.284

!Considering the multicollinearity between model for end-stage liver disease (MELD) score and its individual components, only MELD score, the most

relevant prognostic parameter in cirrhosis, was included in the final multivariable model. HR: Hazard ratio; GI: Gastrointestinal; MELD: Model for end-

stage liver disease; ALT: Alanine aminotransferase.

P = 0.004), high MELD score (aHR: 1.049; 95%(CI:
1.024-1.074; P < 0.001), and the presence of ascites. In
particular, the grade of ascites showed dose-dependency.
When the ascites was present to a more than moderate
degree, the 6-wk mortality was increased 3.346-fold
compared to when there was no ascites. Also, the pre-
sence of HCC (aHR: 1.929; 95%CI: 1.072-3.469; P
= 0.028) increased the risk of short-term mortality
in variceal bleeding patients. However, the GBS and
Rockall scores were not significantly associated with
6-wk mortality in patients with acute variceal bleeding.
Similar results were obtained when the factors predicting
transplantation or death were analyzed (Supplementary
Table 1).

DISCUSSION

The decision as to when to perform endoscopy in pa-
tients with acute variceal bleeding has always been con-
troversial. Guidelines have traditionally recommended
that endoscopy be performed within 12 h of admission,
but to date there has been little actual supporting evi-
dence for this™**®, Our study analyzed relatively large
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numbers of patients, and concluded that, despite the
existing guidelines, the timing of endoscopy was not asso-
ciated with short-term survival or mortality in patients
with variceal bleeding.

Studies on the optimal timing of endoscopy in pa-
tients with acute variceal bleeding have taken place
mostly at a time in the past when sclerotherapy was the
mainstream treatment. Several randomized control trials
reported at this time have concluded that, if endoscopy
was performed early, clinical indices did not improve
significantly™”'®), In studies, including some meta-ana-
lyses, endoscopic treatment was recommended only
when pharmacotherapy fails™®’. However, band ligation
therapy has completely replaced sclerotherapy nowa-
days*?!, Moreover, it is now widely acknowledged
that combination therapy is superior to pharmaco- or
endoscopic monotherapy for acute variceal bleeding®®>*!.
Paradoxically, however, in the age of band ligation, there
has been little research so far on the optimal timing of
endoscopy.

To date, there have been two relatively large-scale
studies on the optimal timing of the endoscopy of vari-
ceal bleeding patients in the “band ligation era”. In a
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study published in Taiwan, early endoscopy (i.e., < 15
h) reduced in-hospital mortality, but did not have a
significant impact on mortality®. Another study published
in Canada showed that time-to-endoscopy did not appear
to be associated with mortality™. Both studies exhibited
selection bias, in that only hemodynamically stable
patients were included. The authors suggested that in-
hospital mortality was increased due to delays in time-
to-endoscopy, but the baseline MELD score was higher
in those patients with higher in-hospital mortality (16.5
vs 11.2)P), In other words, it is difficult to tell whether
these patients’ increased in-hospital mortality was due to
underlying liver disease or because of the delayed time-
to-endoscopy. Finally, both studies analyzed the door-to-
endoscopy time as a continuous variable, and therefore
showed results that were not significant.

In our study, to overcome these limitations, we con-
ducted IPW for baseline correction and analyzed “door-
to-scope” time as a 12-h categorical variable according to
the existing guidelines. Considering the degree to which
the various factors that influence the timing of endoscopy
may impact the clinical outcomes, it was essential to
conduct the IPW. In fact, clinicians tend to perform
endoscopy more quickly if the patient shows unstable
features, and in this situation, the effect of endoscopy on
survival is likely to be underestimated.

So, when is the appropriate time to do endoscopy
in variceal bleeding? Research to date shows it is more
complicated than just “the sooner the better”. In the
Taiwan study, the authors divided endoscopic timing
into several stages, but they failed to prove “the sooner,
the better” concept”. Although we have not described
it in this study, we analyzed the results of a door-to-
endoscopy time of 6 h, but we failed to demonstrate a
benefit with more urgent endoscopy. It seems that timing
of endoscopy and dlinical outcomes, including mortality,
shows a non-linear correlation. For example, in peptic
ulcer bleeding patients, the correlation between the
timing of endoscopy and dlinical outcomes is U-shaped,
and we consider it likely to be similar in variceal bleeding
patients®®l, This phenomenon is believed to be due to the
fact that basic resuscitation (e.g., adequate hydration,
antibiotics) influences the patient’s outcome in the early
stages of treatment'*>®, If the patient is transported
too early in order to undergo an endoscopic procedure, it
may interfere with basic resuscitation during the critical
early period of management, leading to a bad prognosis.
Also, if the endoscopy is performed too soon, the quality
of endoscopic examination may be suboptimal, due to
poor preparation. In clinical practice, we sometimes find
that delayed endoscopy, after using vasoactive drugs, is
actually faster and safer.

In our study, the median door-to-endoscopy time in
the non-urgent group was 19.5 h which was much longer
than the recommended time. Although most guidelines
recommend that endoscopy should be performed wi-
thin 12 h of presentation, various clinical and facility
factors may hamper guideline implementation in the
real clinical settingst>***", To overcome these baseline
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imbalances, we used IPW method. After IPW, there were
no significant differences in the short-term outcomes
between two groups.

When it comes to studies of endoscopy, it is important
to consider the selection of appropriate outcomes.
Previous studies have focused primarily on long-term
prognosis, such as overall survival or all-cause mortality.
These studies have failed to show a reduction in mortality
in urgent endoscopy. However, since the long-term
prognosis of patients with variceal bleeding is mainly
related to their basal liver function, it is unreasonable
to associate a single-point endoscopy with a long-term
prognosis. Indeed, in our data and in the Canadian
studies, the most common cause of death was liver cir-
rhosis, not the bleeding itself (Supplementary Table 2).
For this reason, unlike other studies, in our study we
changed the endpoint to overall survival at 6 wk or TFS
at 6 ws. We consider short-term outcomes to be more
appropriate than long-term outcomes in demonstrating
the precise effect of endoscopic timing on prognosis. In
fact, the Barveno guideline recommends 6-wk mortality
rather than OS as an outcome®.

Consistent with previous reports, the length of hos-
pital stay was statistically different between the urgent
group and non-urgent group™®®*?%, It may be due to
more accurate diagnosis and earlier hemostasis of the
bleeding source by urgent endoscopy, leading to de-
crease in the subsequent resource use including the
length of stay and total hospitalization costs.

There are some limitations to our study. First, as
with other studies, our study may be confounded by
unmeasured factors because of its retrospective design.
Clearly there are ethical difficulties in enrolling acute
variceal bleeding patients into RCTs; nevertheless retro-
spective studies can be of benefit in providing reliable and
practical information. Second, where there is no weekend
rounder, the results of this study may be difficult to apply.
Another issue to consider is that previous research refers
to geographic variability in prognosis of UGIB patients.

In conclusion, we demonstrated that endoscopic
timing may not affect the clinical outcomes of patients
with esophageal variceal bleeding, especially in short-
term outcomes. Therefore it is necessary to perform
endoscopy at an appropriate time, depending on each
patient’s condition. A prospective study, or a meta-
analysis involving a greater number of centers in different
countries, will assist in establishing a more accurate op-
timal timing for endoscopy.

ARTICLE HIGHLIGHTS

Research background

The optimal timing of emergency endoscopy in acute variceal bleeding
remains unclear. Most guidelines recommend performing endoscopy for acute
variceal bleeding within 12 h of admission. However, the evidence level for this
recommendation is very low, with few relevant studies to date to justify it

Research motivation
Determining the appropriate endoscopic timing is a very important issue, and
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both the risk and benefit to the patient need to be considered. We hypothesized
that the earlier the endoscopy was performed, the better the short-term
prognosis of the cirrhotic patients with variceal bleeding.

Research objectives

The aim of this study was to examine the association between the timing of
endoscopy and the short-term prognosis of acute variceal bleeding in cirrhotic
patients.

Research methods

We performed a retrospective study of cirrhotic patients with variceal bleeding.
Patients were divided into two groups according to the time of endoscopy.
Urgent endoscopy group was defined as performing endoscopy before 12 h
of admission and non-urgent endoscopy group after 12 h of admission. The
inverse probability weighting (IPW) method based on propensity score was
applied to correct baseline differences between the two groups, and compared
short-term prognosis between the two groups.

Research results

In 274 patients, 173 patients received urgent endoscopy, and 101 patients
received non-urgent endoscopy. After IPW method, short term prognosis
including 6-wk mortality rate or 6-wk transplantation rate was not different
between the two groups. In multivariate analyses, timing of endoscopy was
not associated with 6-wk mortality. Other factors associated with 6-wk mortality
were age, hepatocellular carcinoma, MELD score, and degree of ascites.

Research conclusions
Timing of endoscopy may not affect the clinical short-term outcomes of patients
with esophageal variceal bleeding.

Research perspectives

Because this is a retrospective study, a prospective study to determine the
appropriate timing of endoscopy considering risk and benefit is needed for the
future.
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Abstract

AIM

To explore the risk factors of developing chronic pan-
creatitis (CP) in patients with acute pancreatitis (AP) and
develop a prediction score for CP.

METHODS

Using the National Health Insurance Research Database in
Taiwan, we obtained large, population-based data of 5971
eligible patients diagnosed with AP from 2000 to 2013.
After excluding patients with obstructive pancreatitis and
biliary pancreatitis and those with a follow-up period of
less than 1 year, we conducted a multivariate analysis
using the data of 3739 patients to identify the risk factors
of CP and subsequently develop a scoring system that
could predict the development of CP in patients with
AP. In addition, we validated the scoring system using a
validation cohort.

RESULTS
Among the study subjects, 142 patients (12.98%) devel-
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oped CP among patients with RAP. On the other hand,
only 32 patients (1.21%) developed CP among patients
with only one episode of AP. The multivariate analysis
revealed that the presence of recurrent AP (RAP), alcoho-
lism, smoking habit, and age of onset of < 55 years were
the four important risk factors for CP. We developed a
scoring system (risk score 1 and risk score 2) from the
derivation cohort by classifying the patients into low-risk,
moderate-risk, and high-risk categories based on similar
magnitudes of hazard and validated the performance
using another validation cohort. Using the prediction score
model, the area under the curve (AUC) [95% confidence
interval (CI)] in predicting the 5-year CP incidence in risk
score 1 (without the number of AP episodes) was 0.83
(0.79, 0.87), whereas the AUC (95%(CI) in risk score 2
(including the number of AP episodes) was 0.84 (0.80,
0.88). This result demonstrated that the risk score 2 has
somewhat better prediction performance than risk score 1.
However, both of them had similar performance between
the derivation and validation cohorts.

CONCLUSION
In the study,we identified the risk factors of CP and devel-
oped a prediction score model for CP.

Key words: Chronic pancreatitis; Acute pancreatitis; Pre-
diction score; Endoscopic ultrasound; Recurrent acute
pancreatitis

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this large humber, nationwide population-
based cohort study, we concluded that the presence of
recurrent acute pancreatitis (RAP), along with alcohol
consumption, age of onset, and smoking habit are 4
important risk factors of chronic pancreatitis (CP). We
developed a novel prediction score model for CP with
excellent discrimination and successfully validated this
model in our study. Using this scoring system, a clinician
can predict the outcome of a patient with AP episode
easily and arrange further examination such as pancreatic
functional test or endoscopic ultrasound after the acute
stage for the high-risk category to diagnose CP as early as
possible (incidence rate of CP about 31 per 1000 person-
years in high-risk group, based on our study) since CP is
an important risk factor of pancreatic cancer.

Lin YC, Kor CT, Su WW, Hsu YC. Risk factors and prediction
score for chronic pancreatitis: A nationwide population-based
cohort study. World J Gastroenterol 2018; 24(44): 5034-5045
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i44/5034.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
44.5034

INTRODUCTION

Acute pancreatitis (AP) and chronic pancreatitis (CP) are
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common diseases with a worldwide prevalence. These
diseases have become an important public health issue
in several countries because of the high mortality rates
and a considerable burden being laid on the healthcare
system. AP is an inflammatory condition of the pancreas
that has been considered as a self-limiting disease,
with an incidence ranging from 5 to 10 per 100000 to
70-80 per 100000 in western countries, which appears
to have increased in recent years''. In contrast, CP
involves a persistent destructive, inflammatory process
that eventually leads to an irreversible damage to the
endocrine and exocrine functions of the pancreas, and
the subsequent development of diabetes mellitus and
frequent hospitalizations have become one of the burdens
of public health. CP has a poor prognosis, with the mor-
tality rate being approximately two-fold higher than that
in the general population. Furthermore, a worldwide
epidemiological survey conducted in 1993 revealed that
the standardized incidence rate of pancreatic cancer is as
high as 26-fold in patients with CP, suggesting that the
risk of pancreatic cancer is significantly higher in subjects
with CP™,

An emerging consensus is that AP and CP are a
continuum of diseases, and the intermediate stage be-
tween them is recurrent AP (RAP)¥.. Several studies have
discussed about the natural course of pancreatitis as well
as the risk factors and protective factors that contribute
to the transition from AP to RAP and CP, although the
majority of them have been conducted in western
countries™*. The major risk factors for CP include smo-
king, in addition to alcohol consumption. Moreover, it has
been reported that cigarette smoking accelerates the pro-
gression of alcoholic CP™®!. Furthermore, a recent study
has revealed that alcohol consumption of > 13.5 g/d
and cigarette use of > 5.5 cigarettes/d are associated
with the development of CP™\. Because only a small pro-
portion of patients with AP progress to CP, and CP has
been proven to be an important risk factor of pancreatic
duct adenocarcinoma (PDAC), it is critical to predict the
development of CP in a patient with AP. However, till date,
no prediction scores for CP have been addressed in the
English literature, although there were some prognosis
scores for CP and AP, Therefore, in this population-
based, large-scale cohort study, we developed and
validated a scoring system for predicting CP using data
from the National Health Insurance Research Database
(NHIRD) in Taiwan.

MATERIALS AND METHODS

Data source

We obtained data from the Taiwan NHIRD. The NHIRD is
one of the most comprehensive databases in the world
and includes all claims data from the National Health
Insurance program, such as demographic data, number
of ambulatory cases, records of clinic visits, hospital
admissions, dental services, prescriptions, and disease
status. The National Health Insurance program, which
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was initiated by the government of Taiwan in March
1995, covers > 99% of the total population or appro-
ximately 23 million people. Diagnostic codes used in the
NHIRD for identifying diseases are based on the Inter-
national Classification of Diseases, Ninth Revision, Clinical
Madification (ICD-9-CM), which has been proven to be
highly accurate and valid"®*?. This study was exempted
from full review and was approved by the Institutional
Review Board of the Changhua Christian Hospital (ap-
proval number: 171112).

Study population

A total of 5971 patients with one or more episodes of
AP (ICD-9-CM code 577.0) recorded in the inpatient
claims data from 2000 to 2013 were identified from the
database. A 4-year look-back period was applied from
1996 to 1999 to ensure that all cases in our cohort were
newly diagnosed and to reduce false incident cases.
Patients with a previous diagnosis of AP during the look-
back period were excluded. Patients who had CP before
the index date, those aged < 18 or > 100 years, those
with a follow-up duration of < 1 year, and those with
biliary pancreatitis or obstructive pancreatitis™* (such
as pancreatic cancer and pancreas divisum) were also
excluded because these patients rarely progress to CP.
Accordingly, 3739 patients with nonobstructive, nonbiliary
AP were identified for subsequent analysis. Next, we
developed a model to predict the progress to CP in
randomly selected two-thirds of this cohort (derivation
cohort) and validated the model in the remaining one-
third of this cohort (validation cohort).

Outcome measures and relevant variables

Outcomes and comorbidities were identified based on
ICD-9-CM codes. CP was defined using ICD-9-CM codes
(ICD-9-CM code 577.1).

To avoid over-estimation of CP by ICD-9-CM coding
alone,we excluded all patients without abdominal
computed tomography (CT) or abdominal magnetic reso-
nance imaging (MRI) performed within 3 mo before the
diagnosis of CP.

Patients were followed up from the index date (i.e.,
the date of first AP diagnosis) to the date when they
withdrew from the insurance program or to the end
of 2013. Major comorbid diseases diagnosed before
the index date were defined as baseline comorbidities
based on claims data. These comorbidities included
obesity, hypertension, hyperlipidemia, diabetes mellitus,
alcoholism [alcohol use-related codes: ICD-9-CM codes
291, 303, 305.0, 357.5, 571.0, 571.1, 571.2, and 790.3
(V11.3)], smoking habit (smoking-related codes: ICD-
9-CM 305.1, V15.82, 491, 492, 493, and 496), and
chronic kidney disease. If the patients with AP enrolled
in our study have drinking-related coding or smoking-
related coding during their follow-up period after the
first AP episode, we considered them have drinking or
smoking habit. To evaluate the effects of socioeconomic
factors on disease development, monthly income, and
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place of residence of patients were recorded. To quantify
baseline comorbidities, Charlson’s comorbidity index
(CCI) score was used. The history of long-term use of
medications that have been reported as possible risk
factors for AP, including statins, angiotensin-converting
enzyme inhibitors, prednisolone, hydrochlorothiazide, sex
hormones, and metformin, was also evaluated.

Statistical analysis

Demographic and clinical characteristics of the study
patients are summarized as proportions and mean *
standard derivation (SD) values. The chi-square test
and the ¢ test were used to compare the distributions of
discrete and continuous variables, respectively. The risk
of CP in patients with nonobstructive, nonbiliary AP was
estimated using the Cox proportional hazards model.
Variables in the Cox model included the presence of
RAP or the number of episodes of AP, smoking, alcohol
consumption, age, gender, all comorbidities, CCI scores,
and long-term use of medications. The significant 8
coefficients from the Cox model with backward selection
procedure were used to construct an integer-based
risk score for stratifying the risk of progress to CP. The
referent for each variable was assigned a value of 0, and
the coefficients for the other variables were calculated by
dividing by the smallest coefficient in the model and then
rounding to the nearest integer. Individual scores were
assigned by summing the individual risk factor scores,
and the cumulative incidence rate of each risk score was
calculated. For easy application in clinical practice, the
total risk scores were classified into low-risk category,
moderate-risk category, and high-risk category based on
similar magnitudes of hazard.

Within the derivation cohort, the discrimination was
assessed using the time-dependent area under the re-
ceiver operating characteristic (ROC) curve. The internal
validation of this risk score was conducted by 1000
bootstrap simulations. The bootstrap simulations in the
derivation cohort were carried out by sampling with
replacement for 1000 iterations. Each bootstrap sample
was of the same size as the derivation cohort, the
computed risk score, and the generated area under the
ROC. Furthermore, we validated the risk score externally
using the remaining one-third of the random sample.
The risk score model was applied, and the discrimination
was assessed by a time-dependent ROC curve analysis.

All statistical analyses were performed using SAS 9.4
software (SAS Institute Inc., Cary, NC, United States).
Two-tailed P values of < 0.05 were considered to be
statistically significant.

RESULTS

Characteristics of the study population

The flowchart depicted in Figure 1 describes the patient
selection process, while Table 1 shows the characteristics
of the study patients. A total of 3739 patients were
identified as newly diagnosed nonobstructive, nonbiliary
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n = 1000000

A cohort randomly sampled from people enrolled in
the National Health Insurance program

5971 patients with diagnosed acute pancreatitis in
inpatient claim data between 2000 to 2013

Patients excluded
64 aged < 18 yr or >100 yr
236 had previous chronic pancreatitis
993 had biliary pancreatitis

47 had pancreatic cancer
3 had pancreas divisum
17 had choledochol cyst
872 follow up time < 1 yr

2000 to 2013

3739 eligible diagnosed acute panceatitis patients from

1094 patients who had more than
two times acute pancreatitis in inpatient
claim data

142 (12.98%) patients with chronic
pancreatitis

Figure 1 Flowchart of patient selection process.

AP cases. Among these patients, 174 (4.65%) developed
CP during the mean follow-up period of 6.13 + 3.53
years. The mean age at the first onset of nonbiliary,
nonobstructive AP was 53.04 + 17.00 years. In addition,
according to the inpatient claims data, 1094 patients
had more than one episode of nonbiliary, nonobstructive
AP, whereas 2645 patients had only one episode of
disease attack. Regarding the behavior-related variables,
21.56% and 33.73% of patients had alcohol-use-related
codes and smoking-related codes, respectively. After
a random sampling, the derivationcohort consisted of
2493 patients, and the validation cohort consisted of
1246 patients, and the baseline characteristics and
demographic variables were comparable between both
cohorts (Table 1). The prevalence of CP was similar
between the derivation and validation cohorts, at 113
(4.53%) and 61 (4.90%), respectively (Table 1).

Risk score construction for predicting CP

Table 2 shows the results of the multivariate Cox pro-
portional hazard analysis. From the Cox model, four
variables, including smoking habit, age < 55 years,
alcohol consumption, and RAP/number of episodes of AP,
were associated with risks of CP (all P < 0.05). Due to the
insignificance associated with the risk of CP, comorbidities
and history of medication use were excluded from the
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2645 patients who had only 1 time
acute pancreatitis in inpatient claim
data

32 (1.21%) patients with chronic
pancreatitis

final model after performing a backward elimination
procedure. The risk score based on these factors was
constructed as shown in Table 3. Two scoring systems,
namely risk score 1 and risk score 2, were separately
developed based on the presence or absence of RAP (point
5 if RAP is present) or the number of AP episodes (point
4 for two episodes, point 5 for three episodes, and point
7 for more than three episodes), as well as alcohol-use-
related codes (point 3), age < 55 years (point 2), and
smoking-related codes (point 1).

Personalized risk prediction

The total score for each patient was calculated by sum-
ming each risk factor point. The risk scores 1 and 2
ranged between 0-11 and 0-13, respectively (Table
3). Figure 2 shows the time-dependent ROC curve
assessing the discrimination for predicting CP using
the risk score at different endpoints of time. The risk
score 1 had excellent discrimination for predicting the
3-year, 5-year, and overall time period CP incidence,
with the area under the ROC curve of 0.84, 0.84, and
0.79, respectively. The 95% confidence intervals (CIs)
yielded by the 1000 bootstrap simulation validation were
0.80-0.88, 0.81-0.87, and 0.75-0.83, respectively (Figure
2A-C, solid line). The risk score 2 also had excellent
discrimination for predicting the 3-year, 5-year, and

November 28, 2018 | Volume 24 | Issue 44 |



Lin YC et a/. Prediction score for chronic pancreatitis

Table 1 Demographic characteristics of 3739 patients 7 (%)

Total Derivationcohort Validation cohort P value
Sample size 3739 2493 1246
Age, yr 53.04 £17 52.98 £17.08 53.18 £ 16.84 0.735
Gender, male 2400 (64.19) 1590 (63.78) 810 (65.01) 0.460
Monthly income, NTD 15423.5 £ 13018.5 15405.6 £ 13071.9 15459.1 £ 12916.2 0.906
Geographic location
Northern Taiwan 1619 (43.3) 1085 (43.52) 534 (42.86) 0.725
Central Taiwan 780 (20.86) 518 (20.78) 262 (21.03) 0.893
Southern Taiwan 1183 (31.64) 790 (31.69) 393 (31.54) 0.957
Eastern Taiwan and Islands 157 (4.2) 100 (4.01) 57 (4.57) 0.470
Charlson’s comorbidity index score 2551221 2.56 +2.22 2521219 0.574
Comorbidities
Obesity 17 (0.45) 11 (0.44) 6 (0.48) 0.863
Hypertension 1456 (38.94) 984 (39.47) 472 (37.88) 0.348
Hyperlipidemia 1048 (28.03) 698 (28) 350 (28.09) 0.953
Diabetes mellitus 994 (26.58) 658 (26.39) 336 (26.97) 0.709
Chronic kidney disease 498 (13.32) 332 (13.32) 166 (13.32) 0.996
Alcohol use-related codes 806 (21.56) 533 (21.38) 273(21.91) 0.710
Smoking related codes 1261 (33.73) 849 (34.06) 412 (33.07) 0.546
Long-term medication use
Statin 569 (15.22) 385 (15.44) 184 (14.77) 0.588
Angiotensin-converting enzyme inhibitor 472 (12.62) 327 (13.12) 145 (11.64) 0.199
Prednisolone 74 (1.98) 56 (2.25) 18 (1.44) 0.097
Hydrochlorothiazide 41 (1.1) 29 (1.16) 12 (0.96) 0.580
Sex hormone 180 (4.81) 129 (5.17) 51 (4.09) 0.145
Metformin 434 (11.61) 290 (11.63) 144 (11.56) 0.946
Number of episode RAP
1 2645 (70.74) 1769 (70.96) 876 (70.3) 0.707
2 599 (16.02) 403 (16.17) 196 (15.73) 0.768
3 234 (6.26) 153 (6.14) 81 (6.5) 0.718
=4 261 (6.98) 168 (6.74) 93 (7.46) 0.452
Outcomes
Chronic pancreatitis 174 (4.65) 113 (4.53) 61 (4.90) 0.619
Follow-up duration, yr 6.13 £ 3.53 6.12 £3.52 6.17 £3.57 0.685

RAP: Recurrent acute pancreatitis; NTD: New Taiwan Dollars.

overall time period CP incidence, with the area under
the ROC curve of 0.85, 0.85, and 0.80, respectively.
The 95%CIs yielded by the 1000 bootstrap simulation
validation were 0.81-0.89, 0.82-0.88, and 0.75-0.84,
respectively (Figure 2A-C, dashed line).

Risk stratification
As the risk score increased, the incidence rate as well
as the hazard of CP increased (Supplementary Table 1).
On the basis of similar magnitudes of hazard, the risk
score 1 of 0-5 was classified as a low-risk category, the
risk score 1 of 6-7 was classified as a moderate-risk
category, and the risk score 1 of > 7 was classified as
a high-risk category. Figure 3 presents the incidence
rates for CP over the risk category. As demonstrated
in Figure 3A, the incidence rates of CP using risk score
1 were 1.27, 7.89, and 31.37 per 1000 person-years
for the low-, moderate-, and high-risk categories, re-
spectively. The hazards of CP were 6.14 (3.05, 12.35)
and 23.93 (13.4, 42.73) for the moderate- and high-
risk categories, respectively (Supplementary Table 1
and Figure 4).

Similarly, the values of 0-5, 6-7, and 8-13 in risk
score 2 (which includes the number of AP episodes)
were classified as low-, moderate-, and high-risk cate-
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gories, respectively. The incidence rates of CP were
1.30, 9.26, and 32.22 per 1000 person-years for the
low-, moderate-, and high-risk categories, respectively
(Figure 3B). The hazards of CP were 7.08 (3.54,
14.14) and 24.15 (13.76, 42.38) for the moderate-
and high-risk categories, respectively (Figure 4).

Validation cohort

The validation cohort was used to test the risk scores.
The risk scores were calculated for each patient in the
validation cohort, and they were successfully classified
as low-, moderate-, and high-risk categories according
to the score stratifications in the derivation cohort. As
the risk category increased, the incidence rate as well
as the hazard of CP increased (Figures 3 and 4). The
areas under the ROC curve in risk score 1 at 3-, 5-, and
overall year were 0.81, 0.83, and 0.82, respectively.
The 95%CIs yielded by the 1000 bootstrap resamplings
were 0.76-0.86, 0.79-0.87, and 0.78-0.87, respectively
(Figure 3D-F, solid line). In risk score 2, the areas under
the ROC curve at 3-, 5-, and overall year were 0.82, 0.84,
and 0.83, respectively. The 95%CIs were 0.77-0.87,
0.80-0.88, and 0.78-0.87, respectively (Figure 3D-F,
dashed line). This result demonstrated that the risk score
had similar performance between the derivation and
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Table 2 Adjusted hazard ratio and 95% confidence interval for chronic pancreatitis associated with recurrent acute pancreatitis,

smoking, comorbidities, and medication use

Adjusted P value Adjusted P value Adjusted P value
HRﬁlII model HRbacszrd model HRbackward+episode
(95%Cl) (95%CI) (95%ClI)
Smoking related codes 1.57 (1.07, 2.32) 0.022 1.53 (1.04, 2.25) 0.029 1.48 (1.01, 2.17) 0.047
RAP 8.96 (5.37,14.93) <0.001 8.65 (5.2, 14.38) <0.001
1 episode 1
2 episode 5.03 (2.75,9.22) <0.001
3 episode 8.47 (4.36, 16.45) <0.001
> 3 episode 15.64 (8.91, 27.47) <0.001
Geographic location
Northern Taiwan 1
Central Taiwan 0.53 (0.28, 0.99) 0.047
Southern Taiwan 1.45 (0.94, 2.23) 0.090
Eastern Taiwan and Islands 1.2 (0.57, 2.53) 0.626
Age category
Age <55 2.67 (1.35,5.29) 0.005 243 (1.31,4.49) 0.005 2.04 (1.06, 3.93) 0.033
Age = 55 1 1 1
Gender, male 1.31(0.72, 2.41) 0.381
Income 1.1 (0.86,1.41) 0.440
CCI 0.96 (0.84, 1.1) 0.576
Hypertension 1.14 (0.7, 1.84) 0.601
Hyperlipidemia 0.82 (0.5, 1.35) 0.435
Diabetes mellitus 0.73 (0.39, 1.35) 0.314
Chronic kidney disease 1.64 (0.79, 3.39) 0.181
Alcohol use-related codes 3.06 (1.83, 5.12) <0.001 3.10 (1.96, 4.92) <0.001 2.66 (1.66, 4.25) <0.001
Statin 0.97 (0.43, 2.16) 0.937
Angiotensin-converting enzyme inhibitor 1.05 (0.42, 2.63) 0.922
Prednisolone 1.28 (0.28, 5.85) 0.751
Sex hormone 1.64 (0.52, 5.2) 0.398
Metformin 2.09 (0.83, 5.29) 0.120

RAP: Recurrent acute pancreatitis; HR: Hazard ratio; CI: Confidence interval; CCI: Charlson’s comorbidity index.

Table 3 Risk score for progression to chronic pancreatitis

after acute pancreatitis

Model coefficient

Risk factor point'

Risk Score 1
Smoking related codes 0.43 1
Age of onset < 55 0.89 2
Alcohol use-related codes 1.13 3
RAP (present or not) 2.16 B
Risk Score 2
Smoking related codes 0.39 1
Age of onset <55 0.71 2
Alcohol use-related codes 0.98 3
Numbers of RAP
2 episode 1.62 4
3 episode 2.14 5
> 3 episode 2.75 7
Total 13

'Risk score was calculated by dividing each model coefficient by the
smallest coefficient in the model and rounding the ratio to the integer.
RAP: Recurrent acute pancreatitis.

validation cohorts.

DISCUSSION

In this study, we identified RAP, alcohol consumption, age
of onset of < 55 years, and smoking habit as the four
major risk factors for developing CP during the mean

Baishidenge ~ WJG | www.wjgnet.com

5039

follow-up period of 6.13 + 3.53 years in the setting of
adult patients with episodes of nonbiliary, nonobstructive
AP. To our knowledge, this is the first population-based,
large-scale cohort study to explore the risk factors for CP
in the Chinese ethnic population™**. Furthermore, we
developed the first prediction score model for CP, which
is simple and useful in the clinical practice (Table 3).

The natural history of AP is still under debate, and the
rate of progression from AP to CP varies and depends on
the etiology of pancreatitis, with a mean interval of 3.5-5.5
years reported in the English literature****, In our
population-based cohort study, the rate of progression
from AP to CP was 4.65% during the mean follow-up
period of 6.13 * 3.53 years (Table 1). This prevalence is
similar to that reported by a prospective study conducted
in Germany, with the rate of progression from AP to CP
occurring in approximately 4% of all patients during a
20-year period™. In our cohort, 12.8% (142/1094) of
patients with RAP (nonobstructive, nonbiliary etiology)
developed CP during the follow-up period, whereas
only 1.2% (32/2645) of patients with only one episode
of AP (nonobstructive, nonbiliary etiology) developed
CP during the follow-up period (Figure 1). In a meta-
analysis conducted in 2015 by Sankaran et al””’, it was
observed 10% of patients with a first episode of AP and
36% of patients with RAP developed CP regardless of
the etiology. In our study, the incidence of CP was much
higher among patients who survived a second attack of
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Figure 2 Area under the curve and 95% confidence interval at different time endpoints for risk score in derivation and validation cohorts. Data are
presented as area under the curve (95% confidence interval). A: Discrimination of risk score 1 and risk score 2 for predicting 3-year chronic pancreatitis incidence in
derivation cohort. B: Discrimination of risk score 1 and risk score 2 for predicting 5-year chronic pancreatitis incidence in derivation cohort. C: Discrimination of risk
score 1 and risk score 2 for predicting overall chronic pancreatitis incidence in derivation cohort. D: Discrimination of risk score 1 and risk score 2 for predicting 3-year
chronic pancreatitis incidence in validation cohort. E: Discrimination of risk score 1 and risk score 2 for predicting 5-year chronic pancreatitis incidence in validation
cohort. F: Discrimination of risk score 1 and risk score 2 for predicting overall chronic pancreatitis incidence in validation cohort. AUC: Area under the curve; ROC:
Receiver operating characteristic.

AP than among those with only one attack of AP (aHR: progression to CP was higher among patients with RAP,
8.65; 95%CI: 5.2-13.38; P < 0.001), consistent with alcoholics, smokers, and younger patients with age of
several studies on Caucasians™" onset of < 55 years, as assessed using alcohol-use-

Our multivariate analysis revealed that the risk of related codes and smoking-related codes as surrogates

Roishidenge ~ WJG | www.wjgnet.com 5040 November 28, 2018 | Volume 24 | Issue 44 |



Lin YC et a/. Prediction score for chronic pancreatitis

A B
40.00 - 40.00 -
’g [l Derivation cohort %\ [l Derivation cohort
9 [] Validation cohort Q [] Validation cohort
Ig 31.37 ‘8 32.22 30.20
2 3000 30.24 2 30.00 '
(=8 [=%
[=] o
o o
=] =
g 20.00 | g 20.00
o} ol
© o 13.47
) 11.78 )
S 10.00 - S 10.00 - 9.26
g 7.41 7.94 7.89 g 7.41 7.94
2 2
2 1.27 1.72 2 1.30 1.82
P 000 — = 0.00 |~~~ I
Total Low Moderate High Total Low Moderate High
(0-5 points)  (6-7 points) (8-11 points) (0-5 points)  (6-7 points) (8-13 points)
Risk category Risk category
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chronic pancreatitis incidence rates in derivation and validation cohorts, risk score 1. B: Risk category strata and associated chronic pancreatitis incidence rates in
derivation and validation cohorts, risk score 2.
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Figure 4 One minus Kaplan-Meier curve for chronic pancreatitis incidence for risk category in derivation and validation cohorts. A: One minus Kaplan-Meier
curve for chronic pancreatitis for risk category based on risk score 1 in derivation cohort. B: One minus Kaplan-Meier curve for chronic pancreatitis for risk category
based on risk score 2 in derivation cohort. C: One minus Kaplan-Meier curve for chronic pancreatitis for risk category based on risk score 1 in validation cohort. D:
One minus Kaplan-Meier curve for chronic pancreatitis for risk category based on risk score 2 in validation cohort.

for alcohol consumption and smoking habit, respectively. >201

Recently, a majority of physicians have recognized that

smoking habit!
the development of CP along with RA

is also an important risk factor for
P18 and alcohol
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consumption®??, In our population-based cohort study,
the multivariate analysis reconfirmed that in addition to
alcohol consumption and RAP, cigarette smoking was an
independent risk factor for CP also in the Chinese ethnic
population (aHR: 1.53; 95%CI: 1.04-2.25; P = 0.029).

Patients with RAP were assigned the highest score
in our prediction model (Table 3). Patients with RAP in
our cohort may represent a susceptible population pos-
sessing gene mutations or unfavorable alleles of the
PRSS1, CFTR, SPINK1, CTRC, and CASR genes, making
them more susceptible to environmental factors such as
exposure to alcohol or cigarette smoking!®***”, \olker
et al''® have reported that an interaction between the
environmental and genetic factors (i.e., N34S + alcohol
or PRSS1 + smoking) further increased the probability
of the development of CP. In addition, Polonikov et af*
have shown that cigarette smokers with the -408CC
genotype have an increased risk for AP [odds ratio (OR):
2.07], whereas nonsmoker carriers do not have the
disease risk. Genetic risk factors are not rare among pa-
tients with CP, and approximately 25% of patients with
CP exhibit some genetic risk factors™®, We hypothesized
that a proportion of patients with RAP possess some
genetic disorders, and the interaction between genetic
and environmental factors, such as a smoking habit and
alcohol consumption, accelerates the progression of CP.
Thus, although a majority of patients with genetic risk
factors display a very slow progression of the natural
disease course and always present with RAP in their early
life!®!, environmental factors such as cigarette smoking
may trigger or accelerate the development of CP in the
background of genetic disorders.

We found that the age of onset of < 55 years is
one of the risk factors for developing CP in this study.
In a cross-sectional study, younger age (OR: 0.80;
95%CI: 0.68-0.94) was found to be independently asso-
ciated with an increased risk of developing recurrent
pancreatitis’®®. In other words, that study demonstrated
that age is a protective factor of recurrence. In a pro-
spective study with a 30-year follow-up conducted by
the Danish registries, it was observed that the risk of
progression to CP decreased with increasing age in a
dose-dependent manner with 2% less risk per year of
age™, suggesting that the age of onset is an important
issue while evaluating the possibility of developing CP.
Similar to our study cohort with an etiology of nonob-
structive, nonbiliary pancreatitis, Peter layer et a/t*”
published an article on Gastroenterology that disclosed
that patients with early-onset and late-onset idiopathic
CP had a median age at onset of symptoms of 19 and 56
years, respectively, whereas the majority of patients with
alcoholic CP had a median age of onset of 43.9 years,
suggesting that most of the patients with nonobstructive,
nonbiliary CP have the disease onset in their middle age.
The result of that study is consistent with our finding that
the age of onset of < 55 years is one of the risk factors
for developing CP.

In general, CP involves a persistent destructive, inflam-
matory process that eventually leads to an “irreversible”
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damage to the endocrine and exocrine functions of the
pancreas. In contrast, early CP is a disease entity that
propagated in 2009, and it has been reported that the
disease course could be reversed if adequate intervention
is taken™. Using our prediction score model for CP, we
were able to stratify our patients into different categories
and arrange further examinations such as pancreatic
functional test or endoscopic ultrasound after acute stage
for the high-risk category (incidence rate of about 31 per
1000 person-years, based on our study) to detect CP™"
as early as possible and determine the optimal follow-
up interval for the patients with AP with a nonbiliary,
nonobstructive etiology.

Limitations of this study

First, the definition of the disease was based on ICD-
9-CM codes assigned by the NHIRD™***, However, the
NHIRD data regarding the diagnosis of AP and other
comorbidities have been used in relevant studies on AP
and have been proved to be reliable®®"®!, Moreover, to
ensure the diagnosis of AP, we enrolled only hospitalized
patients with a diagnosis of AP and excluded all the out-
patients and patients with prior CP, biliary pancreatitis,
and obstructive pancreatitis to avoid overestimation of
the cases with AP. To ensure the objective of the diag-
nosis of CP, patients with CP included in our study were
also required to have undergone comprehensive imaging
studies such as dynamic abdominal CT or abdominal MRI
within 3 mo before the diagnosis of CP. In other words,
the diagnosis of CP in our study was not only dependent
on ICD-9-CM coding, but it was also reconfirmed by a CT
or MRI study.

Second, the personal behaviors of smoking habit and
alcohol consumption were based on ICD-9-CM codes,
which may have underestimated the actual prevalence
of smoking and alcohol consumption. However, the preva-
lence of alcohol consumption and smoking habit in our
study is very close to that reported by another national
population-based study in Taiwan, which also used the
alcohol-use-related codes and smoking-related codes as
surrogates of alcohol consumption and smoking habit,
respectively™®®, Considering that the aim of our study was
to investigate the weighting of patients’ behaviors and
the number of AP episodes to the development of CP, the
information extracted based on the ICD-9-CM codes was
sufficient for our purpose. In addition, because we used
conservative statistical methods to analyze the data, the
impact of alcohol consumption and cigarette smoking
could only be underestimated and not overestimated.
Third, due to potential bias, the results derived from
a prospective cohort study are generally of a lower
statistical quality than those from perspective studies.
Fourth, Because we have excluded those with biliary
pancreatitis and obstructive pancreatitis at the begining,
the prediction score which we developed can not be
applied in patients with biliary pancreatitis or obstructive
pancreatitis. Howerer, to assess the reliability of our
results, we included the patients with biliary pancreatitis
and obstructive pancreatitis in the sensitivity analysis.
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The results of sensitivity analysis were consistent with
those of our primary analyses, indicating the robustness
of our study result (Supplementary Table 2).

In conclusion, the presence of RAP, alcohol consump-
tion, age of onset of < 55 years, and smoking habit
were found to be the important risk factors for the devel-
opment of CP in our large, population-based cohort
study in Taiwan. Using these parameters, we developed
a simple predicting score model for CP, which could
be applied easily when a clinician encounters a patient
with nonbiliary, nonobstructive AP (most of them may
belong to “toxic metabolic” or “idiopathic pancreatitis”
according to the TIGAR-O classification). Unless more
reliable biomarkers for CP are identified, we believe
that this predicting score model could help clinicians in
terms of decision-making, early detection of CP, and
most importantly reversing the early CP and prevent the
development of PDAC.

ARTICLE HIGHLIGHTS

Research background

Chronic pancreatitis (CP) involves a persistent destructive, inflammatory
process that eventually leads to an irreversible damage to the endocrine and
exocrine functions of the pancreas. CP has complications and poor prognosis,
with the mortality rate being approximately two-fold higher than that in the
general population.Incidence rate of pancreatic cancer is as high as 26-fold in
patients with CP, suggesting that the risk of pancreatic cancer is significantly
higher in subjects with CP. Therefore, It is critical to predict CP in patients with
acute pancreatitis (AP).

Research motivation

The treatment option of CP is limited. We considered that the prediction of
CP in high risk population and the early intervention in high risk category may
decrease the disease burden and avoid the subsequent malignant change.

Research objectives

AP, recurrent AP (RAP), and CP are a continuum of diseases. However, only
a small proportion of patients with AP progress to CP. It is critical to predict
CP in patients with AP since CP is an important risk factor of pancreatic duct
adenocarcinoma (PDAC).

Research methods

A total of 5971 patients with one or more episodes of AP (ICD-9-CM code
577.0) recorded in the inpatient claims data from 2000 to 2013 were identified
from the database. A 4-year look-back period was applied from 1996 to 1999
to ensure that all cases in our cohort were newly diagnosed and to reduce
false incident cases. Eventually, 3739 patients with nonobstructive, nonbiliary
AP were included for subsequent analysis. Next, we developed a model
to predict the progress to CP in randomly selected two-thirds of this cohort
(derivation cohort) and validated the model in the remaining one-third of
this cohort (validation cohort). Outcomes and comorbidities were identified
based on ICD-9-CM codes. CP was defined using ICD-9-CM codes (ICD-9-
CM code 577.1), and abdominal computed tomography (CT) or abdominal
magnetic resonance imaging (MRI) performed within 3 mo before the diagnosis
of CP was also considered as essential to diagnose clinical CP. The risk of
CP in patients with nonobstructive, nonbiliary AP was estimated using the
Cox proportional hazards model. The significant 8 coefficients from the Cox
model with backward selection procedure were used to construct an integer-
based risk score for stratifying the risk of progress to CP. The referent for each
variable was assigned a value of 0, and the coefficients for the other variables
were calculated by dividing by the smallest coefficient in the model and then
rounding to the nearest integer. Individual scores were assigned by summing
the individual risk factor scores, and the cumulative incidence rate of each risk
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score was calculated. For easy application in clinical practice, the total risk
scores were classified into low-risk category, moderate-risk category, and high-
risk category based on similar magnitudes of hazard.

Research results

The multivariate analysis revealed that the presence of RAP, alcoholism,
smoking habit, and age of onset of < 55 years were the four important risk
factors for CP. We developed a scoring system from the derivation cohort by
classifying the patients into low-risk, moderate-risk, and high-risk categories
based on similar magnitudes of hazard and validated the performance using
another validation cohort. Using this score, we could predict the development of
CP in high risk population and arrange further intervention in high risk category.
However, For the lack of reliable biomarkers for predicting CP at present,
we didn't include biomarkers in our variables. In the future, if more sensitive
biomarkers for CP could be identified, the biomarkers should be added into the
prediction model to improve the predictive value.

Research conclusions

The presence of RAP, along with alcohol consumption, age of onset,
and smoking habit have a high prediction value of CP. We developed a
novel prediction score model for CP with excellent discrimination and also
successfully validated this model in our study. Using this scoring system, a
clinician can predict the outcome of a patient with AP and arrange further
examination such as endoscopic ultrasound for the high-risk category(incidence
rate of about 31 per 1000 person-years in high risk group), in order to early
diagnosis of CP and the subsequent pancreatic cancer. Furthemore, healthcare
providers can use this scoring system for assessing patient education in terms
of alcohol and smoking abstinence,because the treatment option of CP is
extremely limited.

Research perspectives

We confirmed that RAP, alcohol drinking, age of onset and smoking habit
are important risk factors for CP in Chinese population. Using this score,we
could predict the development of CP in high risk population and arrange
further intervention in high risk category.For the lack of reliable biomarkers for
predicting CP at present, we didn’t include biomarkers in our variables analysis.
In the future, if more sensitive biomarkers for CP could be identified, the
biomarkers should be added into the prediction model to improve the predictive
value for CP in patients with AP episode.
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Abstract

AIM

To investigate the prognostic value of preoperative fibri-
nogen concentration (FIB) and D-dimer-fibrinogen ratio
(DFR) in gastrointestinal stromal tumors (GISTs).

METHODS

The purpose of this study was to retrospectively ana-
lyze 170 patients with GISTs who were admitted to our
hospital from January 2010 to December 2015. The op-
timal cutoff values of related parameters were estimated
by receiver operating characteristic (ROC) curve analysis.
The recurrence free survival (RFS) rate was evaluated
using Kaplan-Meier curves. Univariate analysis and
multivariate Cox regression models were used to analyze
the prognostic factors of GISTs. The relationship between
the FIB, D-dimer, DFR, platelet count (PLT), and the
clinicopathological features of GISTs was described by the
chi-square test or nonparametric rank sum test (Mann-
Whitney test).

RESULTS

In ROC analysis, the optimal cutoff values of FIB, D-dimer,
DFR, and PLT were 3.24 g/L, 1.24 mg/L, 0.354, and 197.5
(x 10°/L), respectively. Univariate analysis and the Kaplan-
Meier survival curve showed that FIB, D-dimer, DFR, PLT,

November 28, 2018 | Volume 24 | Issue 44 |



National Institutes of Health (NIH) risk category, tumor
size, tumor location, and mitotic index were significantly
relevant to the 3-year and 5-year survival rate of patients
(P < 0.05). Cox multivariate regression analysis illustrated
that FIB (RR: 0.108, 95%CI: 0.031-0.373), DFR (RR:
0.319, 95%CI: 0.131-0.777), and NIH risk category (RR:
0.166, 95%CI: 0.047-0.589) were independent prognostic
factors of the RFS rate (P < 0. 05). Moreover, FIB, D-dimer,
DFR, and PLT were correlated with the clinical features of
GISTs.

CONCLUSION

FIB, D-dimer, DFR, and PLT are all related to the prognosis
of GISTs. Moreover, FIB and DFR may be independent risk
factors for predicting the prognosis of resectable GISTs.

Key words: D-dimer; D-dimer-fibrinogen ratio; Prognosis;
Fibrinogen; Gastrointestinal stromal tumor

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: For patients with gastrointestinal stromal tumors
(GISTs), postoperative recurrence and metastasis are the
main factors affecting survival. Moreover, recurrence and
metastasis mainly occur in moderate and high-risk pa-
tients. Therefore, it is necessary to screen these patients
for adjuvant treatment at an early stage. Fibrinogen
(FIB) and D-dimer were reported to be associated with
the prognosis of many tumors. The purpose of this study
was to investigate the value of preoperative FIB, D-dimer,
the D-dimer-fibrinogen ratio (DFR), and platelets in the
prognosis of GISTs. The results showed that FIB and DFR
were independent risk factors for predicting the prognosis
of primary resectable GIST.

Cai HX, Li XQ, Wang SF. Prognostic value of fibrinogen and
D-dimer-fibrinogen ratio in resectable gastrointestinal stromal
tumors. World J Gastroenterol 2018; 24(44): 5046-5056
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i44/5046.htm DOI: http://dx.doi.org/10.3748/wjg.v24.
144.5046

INTRODUCTION

Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal neoplasms originating from the
gastrointestinal tract!?. GISTs may occur anywhere in
the digestive tract, including outside the gastrointestinal
tract!). The incidence of GISTs is 60%-70% in the
stomach, and 30% in the small intestine®. However,
GISTs occurring in areas such as the colon, rectum, and
esophagus are rare. The main treatment for primary
localized GISTs is margin negative complete resection!l.
However, the recurrence or metastasis of the original
disease after the operation are an obstacle to prolonging
the survival period. It was reported that approximately
50% of the patients who undergo surgery alone will
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have tumor recurrence, and the median survival after
recurrence is less than 2 years!”.. Unfortunately, if GISTs
recur or are metastatic, the value of the operation is
low. In addition, the expert consensus on GISTs in China
indicates that patients in the intermediate category
or high category who meet the 2008 revision risk clas-
sification standard should carry out corresponding auxi-
liary treatment’®. Therefore, early screening of middle
and high category patients with adjuvant therapy can sig-
nificantly improve the prognosis of patients. However, the
current accepted risk classification criteria for predicting
the prognosis of GIST patients require pathological
results to be obtained. In this case, it is important to
develop some simple, noninvasive methods to accurately
screen high-risk populations of GISTs and provide early
adjuvant therapy to improve their prognosis.

Thrombocytopenia and coagulation abnormalities
are very common in cancer patients. Research shows
that cancer is a prothrombotic state, and much evidence
points to a role for the fibrinogen-platelet axis in tumor
biology™. Fibrinogen (FIB) is a glycoprotein produced
mainly by liver cells, which is an important coagulation
factor and contributes to the regulation of blood co-
agulation pathways™. Moreover, FIB can promote cell
adhesion and inflammation in the process of coagulation.
Additionally, recent evidence suggests that tumors with
elevated FIB levels are more likely to develop invasion
and metastasis'®”’, including esophageal, gastric, and
colorectal carcinomas'®. In the coagulation system,
FIB can be transformed into fibrin by thrombin, and
the end product D-dimer of fibrin is increased in cases
such as colorectal cancer, lymph node metastasis, and
vascular invasion®. In addition, it was reported that the
combination of FIB and the neutrophil-lymphocyte ratio
could predict tumor progression and prognosis in gastric
cancer patients™, At the same time, D-dimer can also
help predict the prognosis of metastatic gastric cancer
after chemotherapy™'®.

Based on the above results, we hypothesized that
plasma FIB, D-dimer, and platelet count (PLT) may be
associated with clinical outcomes in patients with cancer.
However, as far as we know, studies assessing the prog-
nostic value of plasma FIB, D-dimer, and PLT in patients
with GISTs are rarely reported.

The aim of this study was to investigate the relation-
ship between preoperative FIB, D-dimer, the D-dimer-
FIB ratio (DFR), PLT values, and clinicopathologic charac-
teristics and to evaluate the prognostic value of these
markers in GISTs.

MATERIALS AND METHODS

Patients and clinicopathologic parameters

The research institution of this study was the First Affi-
liated Hospital of Xi‘an Jiaotong University. One hundred
and seventy patients with GISTs were treated at our
department from January 1, of 2010 to December 31,
2015. Clinicopathological parameters and follow-up data
were assessed for all the GIST patients (91 men and 79
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women) who received initial curative surgical resection.
All the patients were pathologically confirmed with GISTs.
The demographic data and clinicopathologic features
of each patient were collected. The average age of the
patients was 61 years.

All enrolled patients must meet the following criteria:
(1) the first diagnosis was primary resectable GIST;
(2) complete blood test results can be obtained before
treatment; (3) surgical treatment was performed, and
imatinib was not administered preoperatively; and (4)
there were complete postoperative follow-up data.

Patients with hematological diseases, other tumor
types, the use of coagulation and anticoagulation drugs
for 8 weeks, incomplete blood test results, or with
myocardial infarction, cerebral infarction, and other dis-
eases were excluded.

The preoperative assessment of GISTs was per-
formed by abdominal or pelvic CT, magnetic resonance
imaging (MRI), gastrointestinal endoscopy, or endoscopic
ultrasound. This study was approved by the Medical
Ethics Committee of the First Affiliated Hospital of Xi’
an Jiaotong University, and all the patients signed an
informed consent form before the operation.

We collected the data of all patients in the study,
including patient demographics (age and gender), clinical
and pathological features, comorbidities, FIB, D-dimer,
PLT, operative factors (type of surgery and extent of
lymph node dissection), and tumor characteristics (lo-
cation, size, lymph node metastasis, mitotic number; dis-
tant metastasis, and risk category).

Data collected on preoperative plasma FIB, D-dimer,
PLT, and other laboratory indexes are the closest to
the results of a test of the time of surgery. It was most
important that all the laboratory data were obtained
from each patient before breakfast. Venous blood with
no evidence of infection was collected. The DFR was
calculated as D-dimer (mg/L) divided by fibrinogen
concentration (g/L).

Follow-up assessments

Patients were followed once every 3 mo for 2 years,
every 6 mo between 2 and 5 years, and then every
year thereafter. Follow-ups were either by outpatient or
inpatient review, or by contacting patients or their relatives
by telephone. For the follow-up of GIST patients after
surgery, chest and abdominal CT scan, abdominal (liver
and adrenal) ultrasound scan, bone marrow scan and
endoscopic biopsy, and positron emission computerized
tomography (PET) to exclude recurrence and metastasis
were utilized. According to the follow-up program, all
patients were followed until the deadline of December 1,
2016 or the death of the patient. Metastatic recurrence
revealed by imaging and death were considered as the
end point events.

Statistical analysis
The frequency and percentage are used to represent
the patient’s baseline characteristics. The optimal values
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of FIB, D-dimer, DFR, and PLT were determined using
receiver operating characteristic (ROC) curvest”. The
patients were divided into high and normal groups by
the optimal values. The area under the curve was deter-
mined by ROC curve analysis, and the 95% confidence
interval (CI) was determined. The correlation of tests,
including binary classification variables, was performed
using the Chi-square test or nonparametric rank sum
test (Mann-Whitney test). Recurrence free survival (RFS)
was defined as the time from the surgery to clinical or
imaging evidence of recurrence for the first time. The
Kaplan-Meier method was used to estimate the survival
curve of RFS, and the log-rank test was used to evaluate
the difference between groups. Univariate analysis
was used to analyze the risk factors influencing the
RFS of GISTs. A multivariate Cox proportional hazards
regression model was used to identify the independent
risk factors affecting RFS, with the risk ratio (RR) and
the corresponding 95%CI calculated. The meaningful
indicators found in univariate analysis were further
evaluated by a multivariate Cox proportional hazards
regression model (Forward stepwise method - conditional
likelihood ratio). The Cox regression equation was as
follows: h (t, x) = ho(t) exp (Bix1 + B2x2 + ..+ BpXp),
where x is covariate with time, h (t, x) is a risk function
that is the individual with a covariate x function of risk
on the t moment, ho (t) is the baseline hazard function,
and p1 (I =1, 2 ,.., p) is population regression. The
prognostic index (PI) model was as follows: PI = Bix: +
ﬁZXZ + ..+ Bpo.

All data were statistically analyzed using SPSS
software (version 18.0; SPSS Inc., Chicago, IL, United
States). All tests were two-sided, and P-values below 5%
were considered statistically significant.

RESULTS

ROC analysis

The optimal cutoff values of FIB, D-dimer, DFR, and PLT
were determined using ROC curves. The areas under
the ROC curves for FIB, D-dimer, DFR and PLT were
0.758 (95%CI: 0.666-0. 850; P < 0.01), 0.739 (95%CI:
0.629-0. 850; P < 0.01), 0.709 (95%CI: 0.596-0. 822;
P = 0.001), and 0.625 (95%CI: 0.517-0. 733; P =
0.050), respectively (Figure 1). For all GIST patients, FIB
= 3.24 g/L, D-dimer = 1.24 mg/L, DFR = 0.354, and PLT
= 197.5 (x 10°/L) had the highest sensitivity (87.5%,
70.8%, 66.7%, and 75%) and specificity (61.6%, 76%,
80.1%, and 51.4%), respectively (Table 1).

Baseline patient characteristics

All 170 patients in this study were confirmed with GISTs
by pathology. The age of the study population ranged
from 19 to 80 years, with a median age of 61 years. In
all patients, there were 91 male cases, accounting for
53.5%; the male to female ratio was 1.15:1. The most
common site of GISTs was the stomach (122 cases),
accounting for 71.76%, followed by the small intestine
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Table 1 Area under the curve
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Variable Area SE P value 95%Cl
FIB (g/L) 0.758 0.047 <0.01 0.666-0.850
D-dimer (mg/L) 0.739 0.056 <0.01 0.629-0.850
D-dimer/FIB 0.709 0.058 0.001 0.596-0.822
PLT (109 /L) 0.625 0.055 0.05 0.517-0.733
FIB: Fibrinogen; CI: Confidence interval; PLT: Platelet count.
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Figure 1 Receiver operating characteristic curves for predicting recurrence free survival among 170 gastrointestinal stromal tumor patients. A and B:
Plasma fibrinogen (FIB), D-dimer, D-dimer to FIB ratio (D-dimer/FIB), and platelet count. ROC: Receiver operating characteristic ; RFS: Recurrence-free survival;

GIST: Gastrointestinal stromal tumor.

(20%; 34/170), colon and rectum (5.88%; 10/170),
pelvic cavity (1.76%; 3/170), and esophagus (0.59%;
1/170). The median diameter of tumors in this study
was 5 cm, with a minimum of 0.5 cm and a maximum of
29 cm. According to the revised NIH (National Institutes
of Health) risk category of 2008™%, of the total 170
patients, 18 were at very low risk (10.59%), 65 at low
risk (38.24%), 37 at intermediate risk (21.76%), and 50
at high risk (29.41%). The mitotic count was more than
5/50 high power fields (HPFs) in 125 (73.53%) patients.
There were 48 (55.17%, 48/87) patients receiving
adjuvant imatinib following surgery in the intermediate
and high risk categories. During follow-up, 24 patients
showed recurrence or metastasis, 15 patients suffered
from GIST related deaths, and 1 patient died in a car
accident. The 3- and 5-year RFS rates in the 170 patients
with GISTs were 85% and 75%, respectively.

Univariate analysis of prognostic factors

Of the 170 patients in this study, the median RFS survival
time was 32 mo (1 mo to 80 mo) postoperatively.
Univariate analyses of demographic and clinicopathologic
factors were performed to assess the prognostic factors
associated with survival. Univariate analysis showed that
gender (male and female) and age (< 61 years vs =
61 years) were not relevant to the prognosis of patients
with GISTs (P > 0.05). However, other demographic and
clinical pathology factors were risk factors that affected
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the prognosis of the patients. These risk factors included
FIB (= 3.24 g/L vs < 3.24 g/L, P < 0.01), D-dimer (=
1.24 mg/L vs < 1.24 mg/L, P < 0.01), DFR (< 0.354 vs
= 0.354, P < 0.01), PLT (= 197. 5 x 10°/L vs < 197.5 x
10°/L, P = 0.014), mitotic index (< 5/50 HPFs vs > 5/50
HPFs, P < 0.01), tumor size (< 5cmvs > 5am, P < 0.01),
tumor location (gastric vs extragastric, P = 0.001), and
NIH risk category (very low and low vs intermediate and
high, P < 0.01). The results of these univariate analyses
are shown in Table 2.

We divided the patients into a normal group and a
high group based on serum FIB level, D-dimer, DFR,
and PLT, respectively, and investigated the relationship
between the above parameters and the prognosis of
GIST patients. We found that patients with high pre-
operative FIB, D-dimer, DFR, or PLT had a shorter RFS
than normal controls (Figure 2A-D). In the first 3 years,
the survival time of patients who received the adju-
vant imatinib was significantly longer than that of the
untreated in the intermediate and high risk category
group (Figure 2E).

In addition, extragastric tumors, tumors larger than
5 cm, intermediate-high NIH risk category, and mitotic
image count above 5/50 HPFs were associated with a
poorer prognosis (log-rank, P < 0.01) (Table 2).

This study also evaluated the prognostic value of FIB
concentration combined with D-dimer in patients with
GISTs, as well as its clinical applicability and clinical value.
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Table 2 Univariate analysis of association between clinicopathologic features and prognosis in gastrointestinal stromal tumor patients

Characteristic Number 3-yr RFS (%) 5-yr RFS (%) 95%Cl P value

Gender
Male 91 80 73 61.170-72.86 0.498
Female 79 90 80 56.828-65.996

Age (yr)
<61 78 85 81 58.018-66.650 0.406
=61 92 83 78 61.508-73.445

NIH risk category
Very low, low 83 97 95 73.805-80.329 <0.01
Intermediate, high 87 80 65 50.488-62.245

Tumor size (cm)
<5 97 95 95 75.130-80.262 <0.01
>5 73 63 55 49.388-63.256

Tumor location
Gastric 122 92 85 67.968-76.637 0.001
Extragastric 48 76 55 42.703-56.229

FIB (g/L)
<3.24 95 95 95 75.248-80.253 <0.01
=324 75 65 50 48.878-62.958

D-dimer (mg/L)
<124 118 95 88 70.09-88.603 <0.01
=124 52 65 55 46.163-62.647

DFR
<0.354 126 95 85 70.237-78.220 <0.01
= 0.354 44 70 50 43.262-61.237

PLT (x 10°/L)
<197.5 81 92 85 68.060-78.540 0.014
=1975 89 76 68 55.307-67.619

Mitotic index
< 5/50 HPFs 125 95 90 70.431-77.808 <0.01
>5/50 HPFs 45 65 35 39.663-55.513

Adjuvant imatinib'
Yes 48 70 55 48.468-64.287 0.940
No 39 75 55 41.127-64.055

'Intermediate and high risk gastrointestinal stromal tumor patients. GIST: Gastrointestinal stromal tumor; NIH: National Institutes of Health; FIB:
Fibrinogen; RFS: Recurrence-free survival; DFR: D-dimer to FIB ratio (D-dimer/FIB); PLT: Platelet count.

We divided GIST patients into four groups based on the
following criteria: low FIB and low D-dimer; low FIB and
high D-dimer; high FIB and low D-dimer; and high FIB
and high D-dimer. The prognosis of the high FIB and high
D-dimer group was significantly worse than that of the
low FIB and/or low D-dimer group (38% vs 95% vs 92%
vs 82%, P < 0. 01, Figure 3).

Multivariate analysis of prognostic factors

To determine the independent risk factors for GIST pa-
tients, we used the Cox proportional hazard model to as-
sess the outcome.

Multivariate analysis was used to further analyze the
risk factors affecting the prognosis of GISTs in univariate
analysis. Factors in the multivariate analysis included
FIB levels, D-dimer levels, DFR, PLT, tumor size, tumor
location, and NIH risk category. The results showed that
FIB (RR: 0.131, 95%CI: 0.039-0.443, P = 0.001), DFR
(RR: 0.334, 95%CI: 0.139-0.802, P = 0.014), and NIH
risk category (RR: 0.206, 95%CI: 0.059-0.711, P =
0.012) were independent risk factors for the prognosis of
GISTs (Table 3).

The Cox regression formula for the present study was
h (t, x) = ho(t) exp (2.035 FIB + 1. 097 DFR + 1.582
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NIH risk category). The PI of the present study was PI =
2.035 FIB + 1.097 DFR + 1.582 NIH risk category.

To exclude confounding the analyses by the treatment
of GIST patients with the tyrosine kinas inhibitor imatinib,
we recalculated the RFS of GISTs by a hierarchy of
whether patients received adjuvant imatinib or not
after surgery. This multivariate analysis indicated that
FIB, DFR, and NIH risk category (RR: 0.108, 95%CI:
0.031-0.373, P < 0. 01; RR: 0.319, 95%CI: 0.131-0.777,
P = 0.012; RR: 0.166, 95%CI: 0.047-0.589, P =
0.005; respectively) were still independent risk factors
associated with GIST prognosis, as shown in Table 4. The
Cox proportional regression model was h (t, x) = ho (t)
exp (2.223 FIB + 1.141 DFR + 1.795 NIH risk category).
The PI of the present study was PI = 2.223 FIB + 1.141
DFR + 1.795 NIH risk category.

Correlation of FIB, D-dimer, DFR, and PLT levels with
clinicopathologic factors in GIST patients

The clinicopathologic features of high and low FIB,
D-dimer, DFR and PLT GIST patients were analyzed and
are summarized in Tables 5-8, respectively. The results
showed that age, sex, tumor location, tumor size, NIH
risk category, and mitotic index were correlated with the
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Figure 2 Kaplan-Meier survival curves of high and normal groups of different indicators in 170 resected primary gastrointestinal stromal tumor patients.
(A) Fibrinogen (FIB) category; (B) D-dimer category; (C) D-dimer-fibrinogen ratio (DFR) category; (D) Platelet (PLT) category; (E) Adjuvant imatinib treatment of
intermediate and high risk gastrointestinal stromal tumor patients. RFS was significantly lower for each variable in the high group than in the low group (P < 0.05). FIB:
Fibrinogen; DFR: D-dimer-fibrinogen ratio; RFS: Recurrence-free survival; GIST: Gastrointestinal stromal tumor.

above indexes (P < 0.05). This finding indicated that the
correlation between the above parameters and prognosis
may be attributed to their correlation with tumor size,
mitotic index, and NIH risk category.

DISCUSSION
It was reported that FIB could strongly predict the prog-
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nosis of various malignant tumors, such as lung, sto-
mach, and pancreatic cancer''’l, D-dimer was related
to the stage of the tumor in patients with prostate,
lung, cervix, ovary, breast, or colorectal cancer™***, pPLT
was associated with the prognosis of epithelial ovarian
carcinoma and pancreatic cancer® '), However, the
data for FIB, D-dimer, and PLT predicting the prognosis
of primary resectable GISTs are still very limited. We
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Table 3 Multivariate analysis of the significant variables determined by univariate analysis

B SE Wald P value RR (95%ClI)
FIB -2.035 0.622 10.692 0.001 0.131 (0.039-0.443)
Risk -1.582 0.633 6.249 0.012 0.206 (0.059-0.711)
DFR -1.097 0.447 6.022 0.014 0.334 (0.139-0.802)

FIB: Fibrinogen classification (FIB < 3.24 and FIB = 3.24); Risk: Risk category (very low, low and intermediate, and high risk); DFR: D-dimer to FIB

classification (DFR = 0.354 and DFR < 0.354); RR: Risk ratio; CI: Confidence interval.

Table 4 Multivariate analysis of the significant variables determined by univariate analysis on the hierarchy of adjuvant imatinib

B SE Wald P value RR (95%ClI)
FIB -2.223 0.632 12.385 0.000 0.108 (0.031-0.373)
Risk -1.795 0.645 7.736 0.005 0.166 (0.047-0.589)
DFR -1.141 0.454 6.325 0.012 0.319 (0.131-0.777)

FIB: Fibrinogen classification (FIB < 3.24 and FIB = 3.24); Risk: Risk category (very low, low and intermediate, and high risk); DFR: D-dimer to FIB ratio
classification (DFR = 0.354 and DFR < 0.354); RR: Risk ratio; CI: confidence interval.
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Figure 3 Recurrence-free survival of gastrointestinal stromal tumor patients, according to the combination of fibrinogen and D-dimer. The prognosis of the
high fibrinogen and high D-dimer group was worse than that in the other groups. FIB: Fibrinogen; RFS: Recurrence-free survival; GIST: Gastrointestinal stromal tumor.

found only one study that examined the role of D-dimer
in primary GISTs!"®.. That study found that a baseline
D-dimer level greater than 1000 ng/mL was inversely
associated with total GIST survival rate and progression-
free survival rate. Recently, another study found that
high levels of FIB were associated with decreased overall
survival (OS) and RFS in patients with GISTs!"", However,
as far as we know, there is little research on the value of
these markers in the prognosis of patients with GISTs.

In the present study, we explored the clinical asso-
ciation of FIB, D-dimer, DFR, and PLT with pathological
features and the prognosis of GISTs. Our purpose was
to determine whether the above parameters could be
associated with the prognosis of GISTs. We found that
preoperative plasma FIB, D-dimer, PLT, NIH risk category,
tumor location, tumor size, and mitotic index were
associated with RFS in GIST patients who underwent
surgical excision. To eliminate the interference of various
factors on the predicted results of FIB and D-dimer,
we calculated the DFR and found that DFR was also a
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prognostic indicator of GISTs. In addition, we combined
FIB and D-dimer and divided the patients into four
groups to show that the prognosis of the high D-dimer
and high FIB group was significantly poorer than that of
others. By inputting the statistically significant indexes
that were found in the univariate analysis results into
the Cox proportional hazards models, multiple factor
regression analysis indicated that elevated FIB, DFR, and
high NIH risk category were independent risk factors for
poor prognosis of GISTs. There was also a correlation
between the preoperative FIB, D-dimer, DFR, PLT and the
clinicopathologic features of GISTs. If we can predict the
prognosis of GISTs by using hematology markers such as
FIB, D-dimer, DFR, and PLT, especially FIB and DFR, the
analysis will be more convenient. We can easily monitor
and predict the recurrence and metastasis of patients.

It is well known that the failure of many cancer treat-
ments is closely related to tumor metastasis. A positive
correlation between coagulation and tumor metastasis
was observed many years ago®. Coagulation system
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Table 5 Clinicopathologic characteristics of gastrointestinal stromal tumor patients grouped by preoperative fibrinogen

Characteristic Low FIB (< 3.24 g/L) High FIB (= 3.24 g/L) P value
Age (yr) <0.01
<6l 78 0
=61 17 75
Gender <0.01
Male 91 0
Female 4 75
Location <0.01
Gastric 95 27
Nongastric 0 48
Tumor size (cm) <0.01
<5 95 2
>5 0 73
NIH risk category <0.01
Very low 18 0
Low 65 0
Intermediate 12 25
High 0 50
Mitotic index <0.01
< 5/50 HPFs 95 30
>5/50 HPFs 0 45

FIB: Fibrinogen; HPFs: High power fields.

Table 6 Clinicopathologic characteristics of gastrointestinal stromal tumor patients grouped by preoperative D-dimer

Characteristic Low D-dimer (< 1.24 mg/L) High D-dimer (= 1.24 mg/L) P value
Age (yr) <0.01
<6l 78 0
=61 40 52
Gender <0.01
Male 91 0
Female 27 52
Location <0.01
Gastric 118 4
Nongastric 0 48
Tumor size (cm) <0.01
<5 97 0
>5 21 52
NIH risk category <0.01
Very low 18 0
Low 65 0
Intermediate 35 2
High 0 50
Mitotic index <0.01
< 5/50 HPFs 118 7
>5/50 HPFs 0 45

NIH: National Institutes of Health; HPFs: High power fields.

abnormalities are usually associated with tumor pro-
gression, and the coagulation cascade is often amplified
in cancer patients. Approximately 50% of local tumor
patients and most metastatic tumor patients have
several coagulation factor abnormalitiest™*?,

FIB is a plasma protein that plays an important role
in the process of coagulation. Some studies have shown
that FIB is positively related to cancer progression®.
The elevated FIB is associated with distant tumor
metastasis, suggesting that FIB plays an important role
in the adhesion of tumor and vascular metastasis of the
target organ. In addition, FIB plays an important role
in angiogenesis and tumor cell growth, which may be
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associated with the promotion of growth factor fusion
and cell adhesion, proliferation, and migration. Moreover,
platelet fibrin malignancies play an important role in
the early development of tumor cells, avoiding the host’
s autoimmune surveillance by providing protection®..
Other research evidence indicates that the FIB fragment
promotes tumor progression and metastasis by inhibiting
tumor angiogenesis and binding and downregulating the
expression of vascular endothelial cells®®. However, the
exact mechanism of the role of FIB in the progression of
tumor remains unclear and requires further study.
D-dimer is not only a product of fibrin degradation
that is found in blood after the coagulation cascade but
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Table 7 Clinicopathologic characteristics of gastrointestinal stromal tumor patients grouped by preoperative D-dimer-fibrinogen

ratio
Characteristic Low DFR (< 0.354) High DFR (= 0.354) P value
Age (yr) <0.01
<6l 78 0
=61 48 44
Gender <0.01
Male 91 0
Female 35 44
Location <0.01
Gastric 122 0
Nongastric 4 44
Tumor size (cm) <0.01
<5 97 0
>5 29 44
NIH risk category <0.01
Very low 18 0
Low 65 0
Intermediate 37 0
High 6 44
Mitotic index <0.01
< 5/50 HPFs 125 0
>5/50 HPFs 1 44

HPFs: High power fields; DFR: D-dimer to fibrinogen ratio.

Table 8 Clinicopathologic characteristics of gastrointestinal stromal tumor patients grouped by preoperative platelet count

Characteristic Low PLT (< 197.5 x 10°/L) High PLT (= 197.5 x 10°/L) P value

Age (yr) <0.01
<61 78 0
=61 3 89

Gender <0.01
Male 81 10
Female 0 79

Location <0.01
Gastric 81 41
Nongastric 0 48

Tumor size (cm) <0.01
<5 81 16
>5 0 3

NIH risk category <0.01
Very low 18 0
Low 63 2
Intermediate 0 37
High 0 50

Mitotic index <0.01
< 5/50 HPFs 81 44
>5/50 HPFs 0 45

NIH: National Institutes of Health; HPFs: High power fields.
also a specific marker for fibrinolysis. Similarly, D-dimer ~ events!®,

is an important marker of coagulation abnormalities.
Studies have indicated that coagulation disorders exist in
90% of cancer patients, such as shortened prothrombin
and partial thromboplastin time, and increased factors
I, v, Vi, IX, XI, XII, FIB, and fibrin degradation pro-
ducts*, There are other studies determining whether
the level of D-dimer significantly increased in patients
with disseminated intravascular coagulation (DIC), deep
vein thrombosis, pulmonary embolism, myocardial
infarction, cerebral infarction, and other thromboembolic
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In addition, we speculate that another cause of the
increase in FIB and D-dimer may be related to the liver
because the blood clotting related indicators are pro-
duced by the liver. Furthermore, it is not ruled out that
the prognostic effect of FIB and DFR on GISTs may be
due to the correlation between these indexes and the
clinicopathologic features of GISTs.

The relationship between PLT and tumors can be
understood by the fact that PLT plays a very important
role in tumor vascular growth through various platelet-
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derived vascular growth factors, and platelet-derived
transforming growth factor p (TGF-B) can coactivate
TGF-B/Smad and NF-kB pathways in cancer cells, thus
promoting tumor metastasis®®!.

At present, the prognostic factors of GISTs, such as
mitotic count, tumor location, size, rupture, and meta-
stasis™®??, all depend on postoperative pathological
results. Biomarkers to screen for the recurrence or
progression of GISTs are still limited, but many studies
support the notion that the prognosis of tumors can be
judged using tumor biomarkers!*?l, For example, marker
CA-153 is associated with the recurrence and metastasis
of breast cancer, CEA is used to monitor the treatment
of colorectal cancer and gastric cancer, and CA-199 is
associated with ovarian cancer.

Moreover, in most hospitals, the tests for plasma FIB,
D-dimer, and PLT have been included in conventional
preoperative coagulation and routine blood tests, and
the values are easy to obtain. Based on this, it is easy
for clinicians to use FIB, D-dimer, and PLT as prognostic
markers in GIST patients. Therefore, before an operation,
we could roughly predict the prognosis of GISTs by hema-
tological indicators, to give early intervention therapy,
and thus obtain a better prognosis. Especially for those
patients who cannot obtain pathological results, it is
more significant to use these hematological indicators to
predict the prognosis of GISTs. Furthermore, combining
these hematological parameters with the dlinical features
of GISTs can significantly improve the prognostic
evaluation of GISTs.

This study has some limitations. First, it is a single
center, retrospective, nonrandomized, controlled study.
More prospective research is needed to verify the pre-
dictive value of these indicators. Second, its small sample
size may cause some bias; therefore, a larger sample
size study is required to further validate our results.
Third, this study also included a number of deleted cases
that did not survive for 5 years after surgery, which may
lead to bias in the survival analysis. Fourth, some of
the NIH risk categories of high risk GIST patients in this
study failed to receive adjuvant treatment or to complete
adjuvant treatment as a result of their high drug costs or
adverse drug reactions. Furthermore, we only analyzed
the predictive value of these indicators in primary re-
sectable and preoperative GISTs without adjuvant
medication, and the predictive value of these markers
in patients receiving adjuvant imatinib and nonoperative
GISTs needs further study.

However, considering the low cost and ease of ope-
ration of hematological testing, plasma FIB, D-dimer,
DFR, and PLT should be considered as prognostic indi-
cators for GIST patients, especially in developing coun-
tries. It is known that clinicians are better at screening
patients requiring adjuvant therapy and formulating
targeted general treatment and monitoring programs.
Nevertheless, this finding also requires a large, pro-
spective study to further confirm.

In light of these results, it is concluded that pre-
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operative plasma FIB, D-dimer, DFR, and PLT can be used
as effective hematological biomarkers for monitoring the
prognosis of GIST patients that do not require special
measuring devices. It was also indicated that clinicians
should obtain FIB, D-dimer, DFR, and PLT values as part
of routine care. In particular, the value of FIB and DFR in
predicting the prognosis of GISTs should be emphasized.
These values should be added to the currently accepted
preoperative risk categories, such as size, primary tumor
site, and genetic mutation.

ARTICLE HIGHLIGHTS

Research background

Itis well known that moderate and high-risk gastrointestinal stromal tumor (GIST)
patients have a high recurrence rate and need adjuvant targeted therapy to
improve prognosis. Therefore, early screening of this protion of patients to give
adjuvant treatment is particularly important. At present, the prediction of GISTs
is obtained by postoperative pathology, and there is no effective index to predict
the prognosis of GISTs before operation. The purpose of this retrospective
study was to investigate the role of fibrinogen (FIB), D-dimer-fibrinogen ratio
(DFR) in the prognosis of GISTs before operation.

Research motivation

The increase of blood coagulation indexes such as fibrinogen content and
D-dimer before operation can predict the adverse prognosis of many kinds
of cancer, but there is little discussion about the relationship between these
indexes and GISTs.

Research objectives
The retrospective study analyzed the role of FIB, D-dimer, DFR, and platelet
count (PLT) in the prognosis of GISTs before operation.

Research methods

This study included 170 patients with GISTs who met the criteria. The data of
all the patients were collected before and after operation to make statistical
analysis. All data were analyzed using the SPSS 18.0 statistical software, with
a P-value below 0.05 considered statistically significant.

Research results

In the present study, univariate analysis showed that FIB, D-dimer, DFR, and
PLT were correlated with the 3- and 5-year survival rates of GIST patients. In
addition, there was a correlation between the clinical features and FIB, D-dimer,
DFR, and PLT in GISTs. Moreover, multivariate analysis showed that FIB and
DFR had an independent effect on the prognosis of GIST patients.

Research conclusions

This retrospective study showed that FIB, D-dimer, DFR, and PLT were the
prognostic factors of GISTs, but there was an independent correlation between
FIB and DFR and GIST prognosis. These factors may help screen out high-risk
patients early and to administer adjuvant intervention as soon as possible.

Research perspectives

For patients with GISTs, the prognosis can be preliminarily estimated according
to hematological indexes such as FIB and DFR before the operation, and
adjuvant therapy can be given early to improve the prognosis of patients. Of
course, the results of this study need to be further verified by a large sample
size prospective study.
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