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Abstract
Postoperative complications represent a basic quality indicator for measuring
outcomes at surgical units. At present, however, they are not systematically
measured in all surgical procedures. A more accurate assessment of their impact
could help to evaluate the real morbidity associated with different surgical
interventions, establish measures for improvement, increase efficiency and
identify benchmarking services. The Clavien-Dindo Classification is the most
widely used system worldwide for assessing postoperative complications.
However, the postoperative period is summarized by the most serious
complication without taking into account others of lesser magnitude. Recently,
two new scoring systems have emerged, the Comprehensive Complication Index
and the Complication Severity Score, which include all postoperative
complications and quantify them from 0 (no complications) to 100 (patient’s
death), These allow the comparison of results. It is important to train surgical
staff to report and classify complications and to record 90-d morbidity rates in all
patients. Comparisons with other services must take into account patient
comorbidities and the complexity of the particular surgical procedure. To avoid
subjectivity and bias, external audits are necessary. In addition, ensuring
transparency in the reporting of the results is an urgent obligation.
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Core tip: Postoperative complications represent a basic quality indicator for measuring
surgical outcomes, but at present they are not systematically recorded. A more thorough
assessment of their impact could help to determine the real morbidity, establish measures
for improvement, increase efficiency and identify benchmarking services. The use of the
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Clavien Dindo Classification of Complications and the Comprehensive Complication
Index would allow us to compare them. Surgical staff must be encouraged to report and
classify complications and to record 90-d morbidity rates in all patients. External audits
are necessary, and ensuring transparency in the reporting of the results is an urgent
obligation.
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INTRODUCTION
Postoperative complications represent a basic quality parameter for measuring the
results of surgical procedures. Unfortunately, morbidity is not systematically recorded at surgical services. At most, certain services evaluate specific surgeries but for
a limited period of time, and usually only the most serious complications are considered. As a consequence, no reliable local or international registries of morbidity are
available: The only means available to the scientific community and society at large
for assessing the postoperative morbidity associated with particular surgical
procedures are isolated studies published by specific surgical services, which are not
externally audited and often present better than average results.
Because of the lack of information on the complications associated with particular
procedures or at particular units, it is impossible to carry out comparisons with other
services, introduce measures for improvement, or learn from other services that
obtain better results.
We are accustomed to groups of experts proposing morbidity and mortality
standards for performing certain complex surgical procedures. But where do their
figures come from? Are their statistics credible? Can they be considered accurate and
objective when the services do not record their morbidity?
In cases in which morbidity is recorded, the reporting may be subject to a variety of
biases that we will discuss in more detail later. In addition, the reports lack objective
certification by an external and fundamentally impartial audit. At most surgical
services, these morbidity and mortality standards are considered unattainable. Why is
this so? And how can we talk about benchmarking surgical services if we do not
know the morbidity associated with each surgical technique at each service, or the
real situation in many of the services certified as excellent? Which services are the
best, and on what criteria are these qualifications based?
At a time when society demands global transparency, it is hard to explain why this
quantification is not mandatory, especially since its consequences have such an
important bearing on quality of life, oncological prognosis, and healthcare costs[1,2].
Here, we describe some minimum guidelines designed to allow a process of recording, communication and comparison of postoperative morbidity.

GUIDELINES FOR THE RECORDING, CLASSIFICATION AND
COMPARISON OF POSTOPERATIVE COMPLICATIONS
Until recently, it was difficult to quantify postoperative complications because of the
lack of any standardized classifications that allowed their systematic recording and
comparison.
Martin et al [3] conducted a study designed to critically evaluate the quality of
surgical literature from 1975 to 2001 in the reporting of complications. They included
119 reports recording outcomes in 22530 patients[3]. Among other things, the authors
observed that only 34% of the studies defined the term complication, and that the
definitions varied widely (in the case of pancreatic fistula, for instance, they noted up
to 12 definitions); only 20% used the degree of severity, and only 67% of the studies
indicated the duration of the follow-up. Therefore, the evolution of the methodology
for evaluating postoperative morbidity has been heterogeneous, and inconsistent
reporting of complications has been a common feature in the surgical literature.
Despite the presence of the tools that we will outline below, in general the des-
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criptions of the methodology used in the diagnosis, recording, and monitoring of
complications are unsatisfactory: There is a systematic absence of an external and
impartial audit, and so the results lack reliability.
In 2004, Dindo et al[4] published the classification of complications definitely known
as the Classification of Clavien Dindo (CDC) [5] , which reached a wide audience.
Currently, the article has 10635 citations[6].
The CDC classifies complications in a very intuitive way and was very well
received by surgeons, Nonetheless, in complex scenarios their grading may be
controversial. For this reason, Clavien's group and others have provided several sets
of guidelines[4,5,7-9]. The CDC considers any negative event occurring during hospitalization as a complication[4,5,10,11]. The main problem with this system is that the
entire postoperative course is defined according to the most serious complication, and
other minor complications are not considered - even though it has been shown that
between 44% and 51.5% of patients who present morbidity at surgical services have
two complications or more[9,11].
To overcome this problem, in 2013 Slankamenac et al[12] developed a new global
scoring system for postoperative complications based on the CDC, called the
Comprehensive Complication Index (CCI). The CCI evaluates all complications
separately according to the CDC; then, after entering them in the online calculator, it
rates the morbidity on a scale from 0 to 100, with a score of 0 reflecting the absence of
complications and a score of 100 indicating death [12] . The CCI currently has 224
citations[13]; it has been used in 104 published studies and has been discussed in two
letters to the editor, two editorials and two comments in PubMed (search updated on
March 18, 2019 with the strategy "Comprehensive Complication Index").
In 2015, the Complication Severity Score (CSS) became accessible online. Like the
CCI, this system is also based on the CDC and has an overall score of 0 to 100[14].
However, the initial publication describing the scale was rejected[14] and was only
finally published in December 2018[15]. The authors claim that it improves on the CCI
because the CCI assigns an inappropriately high score to a combination of complications: “…a patient who develops two Clavien-Dindo grade II complications gets a higher
CCI score than a patient who develops a single Clavien-Dindo grade IIIa com-plication…”[15] .
The CSS is similar to the CCI in terms of its elaboration and uses a similar formula,
but it assigns less weight to each grade of the CDC.
The CCI and CSS have two obvious advantages over the CDC: They take into
account all the complications and produce a composite score, thus allowing the
comparison of results.
In a study of all the patients operated upon at a general and digestive surgery
service over a one-year period, the CDC and CCI were validated in the four groups of
surgical complexity defined by the Operative Severity Score [16] , in terms of the
following clinical data: Hospital stay, prolongation of hospital stay, readmission and
disability[11,17]. The CSS obtained similar results in this series, although the results have
not yet been published[17]. The CDC showed slightly lower clinical validation values
than the CCI and the CSS[17]. The CCI was the index that was least influenced by
confounding factors but in one patient the score exceeded 100, while the CSS did not
reach 100 in any case[17], because its numerical values are lower than those of the CCI.
Thus, the use of CSS would theoretically have an advantage in highly complex
surgeries with a multitude of complications which, in exceptional cases, might
produce a higher CCI.
Several studies have shown the relationship between increased costs and higher
CDC scores[2,18-21]. Only two teams have studied the relationship of the CCI with
postoperative costs. Staiger et al [22] reported (among other findings) a strong
correlation between the CCI and costs three months post-surgery, and higher
correlations for more complex procedures. They also developed a cost prediction tool.
De la Plaza et al[2] studied the postoperative costs in patients operated over a one-year
period at a general surgery and digestive service, finding a moderate to strong
correlation of the CCI with overall postoperative costs, which increased with the
surgical complexity according to the Operative Severity Score. In all the groups, this
correlation was higher in emergency surgery. In addition, the CCI was correlated with
postoperative costs in patients with prolonged postoperative stay and in those
without, and also with the initial operating room costs[2]. This relationship between
postoperative costs and the CCI provides further support for the score’s clinical
validity.
Comparing the two new systems, we believe that the CCI should be preferred to
the CSS for the following reasons: (1) The preparation of the CCI involved 227
patients and 245 physicians (surgeons, anesthetists and intensivists) [12] . In the
preparation of the CSS, only 49 senior gastrointestinal and hepato-pancreatico-biliary
surgeons in India were included (“senior” being defined as having at least 5 years of
experience after graduating), and no patients[15,23]; and (2) The CCI has a greater
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diffusion worldwide[13].
A summary of these three tools (CDC, CCI and CSS) is shown in Table 1.
Therefore, the CDC is the most suitable classification for each individual
postoperative complication, while the CCI is able to numerically quantify the
postoperative complications in a particular patient or group of patients undergoing a
surgical procedure. In addition, the percentage of certain important complications is
also specified for each surgical procedure: For example, in esophagectomies, gastrectomies, pancreatectomies, colectomies, and so on, the presence of specific and
important complications such as the presence of anastomosis and pancreatic fistulas is
recorded. In any case, the mere fact of initially classifying each complication
according to the CDC would alert surgical departments to less important complications that are relatively easy to improve, such as infection of the surgical wound,
urinary tract infection, central venous catheter, or pulmonary complications.
Complications should be recorded for at least 90 d post-surgery, as should readmissions in that period. Between 30 and 90 d postoperatively the number of
complications rises by 11.6%[17]. The recording of complications that occur outside the
hospital environment is a more difficult issue. These complications are less serious,
but it is important to evaluate them (for example, complications after less complex
procedures such as cholecystectomy). This problem could be minimized by the use of
an electronic medical recording system that incorporates the care carried out outside
the hospital.
It is essential to report complications as they occur, or at least when evidence of the
event becomes available. The event should be recorded in the patient progress notes
or in specially designed forms in which the complication and the treatment are
reported in writing and the CDC. Consultation of nurses' notes is also fundamental.
Within 90 d of the procedure, a summary of the morbidity in each patient should be
made by the physicians at the service based on the clinical history, and should be
stored in (for example) an Excel table recording each complication, the CDC, and the
CCI[11]. In our experience, the average time taken to evaluate complications at 90 d
post-surgery and to record them in the spreadsheet ranges between 5 and 10 min per
patient.
To compare the results at different services, one must take into account the
complexity of the patient’s condition, not just on the basis of the ASA but by making a
risk adjustment with complexity or severity scores such as the Charlson Comorbidity
scale[24]. It is also important to compare surgical procedures of similar complexity and
technical difficulty [2] . An impartial external audit is essential. When used by
physicians at our service to record morbidity and applying the methodology
described above, the CDC and CCI presented accuracy rates of 88% and 81%;
however, when only patients with complications were included, the rates fell respectively to 69% and 49%[17,25].
There are several explanations for the fact that postoperative complications are only
rarely quantified. The most important, in our view, is the fact that the better the
recording system, the worse the results. Surgeons may regard complications as an
indication of personal failure, and fear comparison with other services because the
results may reflect badly on their work. Furthermore, at a time when centres of
reference are being established for complex surgical procedures such as esophagectomy, gastrectomy, pancreatectomy or hepatectomy, high morbidity rates at
particular services might disqualify them from operating on these patients.
It is hard to understand why public authorities choose these services of reference
only on the basis of volume (or sometimes for political reasons) and fail to take actual
audited results into account, such as morbidity and disease-free survival in cancer
patients. Besides questions of cost-effectiveness, ensuring the optimal use of the
means available is an obligation in a system with limited resources.
Another common bias is the failure to record certain minor complications. For
example, the CDC includes nausea, poorly controlled pain and atelectasis as
complications, which in practice may go unreported. The inclusion of minor complications may magnify the actual morbidity, but it eliminates subjective interpretations and makes them the same for all auditors. The presence of errors in the
classification of complications according to the CDC, particularly in complex scenarios, should also be borne in mind. However, many useful clarifications have
already been made in this regard[4,5,7-9].

CONCLUSION
Little is known at present about real postoperative morbidity.
In the recording of postoperative complications, the following points must be taken

WJG

https://www.wjgnet.com

2836

June 21, 2019

Volume 25

Issue 23

De la Plaza Llamas R et al. Postoperative complications: A “hidden” quality indicator

Table 1 Comparison of the characteristics of the clavien dindo classification, the comprehensive complication index and the
complication severity score
CDC

CCI

CSS

Year of publication

2004

2013

2018

Criteria used

Opinions of 144 surgeons

Opinions of 227 patients and 245
physicians (surgeons, anesthetists
and intensivists)

Opinions of 49 gastrointestinal and
hepato-pancreatico-biliary surgeons
in India

Scale and calculation

Classifies the complications in 5
grades. The therapy used to correct a
specific complication remains the
cornerstone to rank a complication.

All the complications must be
classified according to the CDC, and
the score is then calculated with the
formula or on-line.

All the complications must be
classified according to the CDC, and
the score is then calculated with the
formula.

Value

Considers only the most severe
complication: 0-V

Considers all the complications: 0Considers all the complications: 0100. Higher numerical value than the 100. Lower numerical value than the
CSS.
CCI

Validation with clinical results

Yes

Yes

Yes (PhD thesis)[17]

Bibliographical citings

10635

224

2

Management

More straightforward

More complex in patients with
multiple complications

More complex in patients with
multiple complications

Does it adequately represent the
postoperative course of patients
with ≥ 2 complications?

No

Yes

Yes

Does it all comparison of the
results?

No, if there are ≥ 2 complications

Yes

Yes

CDC: Clavien Dindo Classification; CSS: Complication Severity Score; CCI: Comprehensive Complication Index.

into account: (1) A complication should be considered as any negative event occurring
in a patient during hospitalization[4,5,10,11]; (2) Physicians and nurses must be made
aware of the need to record complications; (3) Training with the CDC must be
provided, especially in order to deal with complex scenarios; (4) Exhaustive, external
impartial recording of all complications must be performed. However, biases cannot
be totally avoided since the registry is performed by doctors and nurses at the service
under evaluation; (5) Complications should be recorded on a form specially created
for the purpose; (6) Physicians’ and nurses’ notes should be consulted; and (7) An
external audit must be carried out by experts without any conflict of interest with
regard to the surgery service or its members so as to avoid deficiencies in the recording and classification and other biases.
The recording of the complications deriving from all surgical procedures is an
urgent scientific and social obligation. Transparency in the reporting is also
mandatory. There are sufficient means available now to record complications accurately and efficiently, with only minimal investment and the results are available in
the short-medium term. Policy-makers in the field of health administration should not
let this opportunity pass.
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Abstract
Pancreatic cancer is one of the leading causes of cancer death worldwide.
Adjuvant chemotherapy has been developed based on the experiences made with
palliative chemotherapy, and advocated to improve long-term survival of
patients with this disease. However, the optimal chemotherapeutic regimen
remains controversial. Recently, Conroy et al demonstrated the impressive
benefits of modified FOLFIRINOX over gemcitabine alone in the multicenter
Partenariat de Recherche en Oncologie Digestive 24 (PRODIGE-24) trial. The
remarkable results mark a new milestone in treating resectable pancreatic cancer
and have now changed the standard of care for this patient population. In this
commentary, we discuss an issue of difference of tumor grade between the
PRODIGE-24 trial and previous phase III trials. We also discuss potential
biomarkers predicting therapeutic response to modified FOLFIRINOX. Finally,
we summarize several ongoing clinical trials of replacing part of the
FOLFIRINOX regimen with Xeloda/S-1/nanoliposomal irinotecan for pancreatic
cancer.
Key words: Pancreatic cancer; Adjuvant therapy; FOLFIRINOX; Neutrophil-tolymphocyte; Nanoliposomal irinotecan
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Adjuvant chemotherapy for pancreatic cancer has been developed based on the
experiences made with palliative chemotherapy. Nevertheless, the optimal regimen
remains controversial. The Partenariat de Recherche en Oncologie Digestive 24 trial
showed an impressive benefit of modified FOLFIRINOX over gemcitabine alone. The
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remarkable results mark a new milestone in treating resectable pancreatic cancer and
have now changed the standard of care. Here, we discuss an issue of difference between
this trial and previous phase III trials, as well as potential biomarkers predicting
therapeutic response. Several ongoing trials of replacing part of the FOLFIRINOX
regimen with other drugs for pancreatic cancer are also summarized.
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COMMENTARY ON HOT TOPICS
We have read with great interest the recent article by Conroy et al[1] comparing the
efficacy and safety of a modified FOLFIRINOX (oxaliplatin 85 mg/m2, leucovorin 400
mg/m2, irinotecan 150 mg/m2, and continuous fluorouracil 2400 mg/m2; without
bolus fluorouracil; every 2 wk for 12 cycles) regimen with gemcitabine as adjuvant
therapy for resected pancreatic cancer, and would strongly recommend it to the
readers.
Pancreatic cancer is one of the leading causes of cancer death in both the United
States and China [2,3] . The improvement of long-term prognosis of this disease is
attributed to the decrease of perioperative mortality[4,5] and the increase of adjuvant
treatment rate [6] . Adjuvant chemotherapy has been developed based on the
experiences made with palliative chemotherapy, and advocated to reduce recurrence
and improve survival after surgery[7]. The European Study Group for Pancreatic
Cancer 1 (ESPAC-1) trial revealed a superior median survival with chemotherapy
(bolus fluorouracil 425 mg/m2 plus leucovorin 20 mg/m2 days 1-5, every 4 wk for six
cycles) as compared with no chemotherapy [20.1 mo vs 15.5 mo; hazard ratio (HR) for
death = 0.71; 95% confidence interval (CI): 0.55-0.92; P = 0.009] [8] . The Charité
Onkologi 001 (CONKO-001) trial showed a significantly prolonged disease-free
survival in the gemcitabine group (1000 mg/m2 days 1, 8, and 15, every 4 wk for six
cycles) compared to the observation group (13.4 mo vs 6.9 mo, P < 0.001), but a
modest overall survival benefit (22.1 mo vs 20.2 mo, P = 0.06)[9]. The ESPAC-3 trial
subsequently showed an absence of overall survival difference between adjuvant
gemcitabine and fluorouracil plus folinic acid (23.6 mo vs 23 mo, P = 0.39) in patients
with resected pancreatic cancer[10]. With the goal to further prolong postoperative
survival, gemcitabine-based combination chemotherapies were evaluated in
subsequent trials, such as the ESPAC-4[11] and CONKO-005 trials[12]. However, the
optimal chemotherapeutic regimen remains controversial.
In the Partenariat de Recherche en Oncologie Digestive 24 (PRODIGE-24) trial[1],
493 patients from 77 centers in France and Canada were randomly assigned to receive
a modified FOLFIRINOX regimen or gemcitabine for 24 wk. Patients 18 to 79 years of
age who had undergone R0 (absence of tumor cells within 1 mm of all resection
margins) or R1 (presence of tumor cells within 1 mm of one or more resection
margins) resection within 3 to 12 wk before randomization, and who had a serum CA
19-9 level ≤ 180 U/mL were eligible for inclusion. At a median follow-up of 33.6 mo,
there was an impressive difference of 18.3% in the disease-free 3-year survival rate
(39.7% in the modified FOLFIRINOX group vs 21.4% in the gemcitabine group). The
median disease-free survival with the modified FOLFIRINOX regimen was 21.6 mo
and with gemcitabine 12.8 mo (stratified HR for cancer-related event, second cancer,
or death = 0.58; 95%CI: 0.46-0.73; P < 0.001). The median overall survival was 54.4 mo
in the modified FOLFIRINOX group vs 35.0 mo in the gemcitabine group (stratified
HR for death = 0.64; 95%CI: 0.48-0.86; P = 0.003). Compared with previous phase III
trials[9-13], the PRODIGE-24 trial showed a much longer median overall survival in the
gemcitabine group (Figure 1), which the authors attributed to the high use of
FOLFIRINOX and other active regimens after tumor relapse. Kindler[14] considered
that the similarity of the disease-free survival in the gemcitabine group throughout
these trials argued against selection bias. However, we propose that the difference of
tumor grade among these trials should not be neglected (Table 1). Tumor grade has
been revealed as an independent prognostic factor for overall survival[10,15]. The higher
proportion of well-differentiated tumors might account for the improved survival of
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the gemcitabine group in the PRODIGE-24 trial.
A multicenter study from Europe revealed that the overall survival rates of
different chemotherapeutic regimens in real-life settings were lower than those shown
in randomized phase III trials[16]. This can be explained by the fact that randomized
clinical trials usually have stringent inclusion criteria. Predictive markers investigating therapeutic response to modified FOLFIRINOX would help us guide
treatment strategies and improve prognosis of pancreatic cancer. Meanwhile, given
the more reported incidences of adverse events in the modified FOLFIRINOX group,
it is urgently needed to identify patients who will most likely benefit from this regimen. Most recent studies failed to establish tolerability of UGT1A1 genotype-guided
modified FOLFIRINOX in pancreatic cancer[17,18]. Interestingly, although the rates of
neutropenia and severe lymphopenia were similar between the two groups in the
PRODIGE-24 trial[1], the significantly lower occurrence of lymphopenia (any grade) in
the modified FOLFIRINOX group indicates a difference of post-treatment change in
neutrophil-to-lymphocyte ratio (NLR). NLR, a marker of systemic in-flammatory
response, has been shown to be a valuable prognostic marker in many malignancies,
including pancreatic cancer [19,20] . Baseline and post-treatment NLR may predict
therapeutic response to chemotherapy[21-24], including the modified FOLFIRINOX
regimen[25], for pancreatic cancer. In their study, Conroy et al[1] showed the treatment
benefit favoring modified FOLFIRINOX over gemcitabine in all predefined subgroup
analyses. Nevertheless, whether the superiority of the modified FOLFIRINOX
regimen is based on difference in the baseline and post-chemotherapy NLR remains
unclear, which encourages us to investigate how NLR correlates with response to
modified FOLFIRINOX.
The remarkable results of the PRODIGE-24 trial mark a new milestone in treating
resectable pancreatic cancer and open a world of possible investigations. Can we
further improve survivals by using modified FOLFIRINOX as neoadjuvant
chemotherapy? What is the effect of this regimen combined with radiotherapy?
Additionally, can we improve the safety and/or efficacy by replacing 5-FU and
leucovorin in the FOLFIRINOX regimen with capecitabine (Xeloda) or oral S-1? The
triple combination chemotherapy of S-1, oxaliplatin, and irinotecan (SOXIRI)
appeared to be a promising and well-tolerated regimen in patients with unresectable
pancreatic ductal adenocarcinoma[26,27]. Several phase I and II trials of these particular
combinations have been conducted across various stages of pancreatic cancer (Table
2). Lastly, given the theoretical benefits of developing nano-formulations of anticancer drugs for cancers[28,29], the applicability of novel agents needs to be evaluated in
pancreatic cancer. For example, the proven efficacy of nanoliposomal irinotecan (nalIRI) in metastatic pancreatic cancer[30,31] has triggered enthusiasm in substituting nalIRI for standard irinotecan as part of the FOLFIRINOX regimen (Table 2). We look
forward to the results of this triple-drug combination regimen in patients with
pancreatic cancer.
The modified FOLFIRINOX regimen is superior to gemcitabine as adjuvant therapy
for resected pancreatic cancer, and should be a new standard of care for this patient
population. It is worth noting that both modified FOLFIRINOX and nab-paclitaxel
plus gemcitabine have been established as standard first-line treatment for metastatic
pancreatic cancer, showing comparable efficacy outcomes[32]. The APACT trial is a
phase III, international, multicenter, randomized, open-label, controlled study to
compare adjuvant nab-paclitaxel plus gemcitabine vs gemcitabine alone in patients
with surgically resected pancreatic cancer (ClinicalTrials.gov, NCT01964430). Eight
hundred and sixty-six patients have been randomized in a 1:1 ratio to receive six
cycles of either nab-paclitaxel 125 mg/m2 plus gemcitabine 1000 mg/m2 or gemcitabine alone 1000 mg/m2 on days 1, 8, and 15 of a 4-wk cycle. The preliminary
results will be announced in the near future, and provide us further evidence for
adjuvant treatment for resected pancreatic cancer.
Neoadjuvant treatment with FOLFIRINOX or gemcitabine plus nab-paclitaxel has
become a standard of care for borderline or locally advanced pancreatic cancer[33,34],
and is now increasingly considered even for up-front resectable disease[35-38]. Due to its
growing preference over either postoperative chemotherapy regimen, a neoadjuvant
approach is advocated when there is the option in order to improve the success of
complete tumor resection and for potential control of micrometastases. Studies now in
progress will be critical not only to assess the long-term outcomes of current
neoadjuvant regimens but also to investigate the added efficacy of anti-stromal agents
such as losartan, immunotherapy, radiation therapy, and biomarkers reflecting the
response to treatment.
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Table 1 Comparison of six phase III clinical trials of gemcitabine alone in patients with resected pancreatic cancer
Trial

PRODIGE-24[1]

CONKO-001[9]

ESPAC-3[10]

JASPAC 01[13]

ESPAC-4[11]

CONKO-005[12]

246

179

537

190

366

217

Variable
No. of patients
Tumor grade, n (%)
Well differentiated

79 (32.1)

10 (5.6)

66 (12.3)

NA

30 (8.2)

9 (4.1)

Moderately differentiated

125 (50.8)

103 (57.5)

336 (62.6)

NA

192 (52.5)

128 (59)

63 (35.2)

127 (23.6)

NA

142 (38.8)

74 (34.1)

Poorly differentiated/undifferentiated 29 (11.8)
Disease free survival - mo
Median

12.8

13.4

14.3

11.3

13.1

11.4

95%CI

11.7-15.2

11.4-15.3

13.5-15.6

9.7-13.6

11.6-15.3

9.2-13.6

Median

35.0

22.1

23.6

25.5

25.5

26.5

95%CI

28.7-43.9

18.4-25.8

21.4-26.4

22.5-29.6

22.7-27.9

22.4-30.6

Overall survival - mo

NA: Not available; CI: Confidence interval.

Table 2 Ongoing clinical trials of replacing part of the FOLFIRINOX regimen with Xeloda/S-1/Nanoliposomal Irinotecan for pancreatic
cancer registered in ClinicalTrials.gov
Country

Title

China

Estimated
enrollment

Study
Source
completion date

Unresectable or
metastatic

65

December 2019

NCT03403101

II

Resectable,
borderline and
locally advanced

17

December 2022

NCT01760252

I

Advanced and/or 90
metastatic

June 2019

NCT02368860

Nanoliposomal
II
irinotecan,
oxaliplatin,
leucovorin, and 5fluorouracil

Resectable

67

January 2020

NCT03528785

Nanoliposomal
II
irinotecan,
oxaliplatin,
leucovorin, and 5fluorouracil

Metastatic

56

February 2020

NCT02551991

Phase

Cancer stage

The combination S-1, irinotecan,
chemotherapy of and oxaliplatin
S-1, irinotecan,
and oxaliplatin as
first line
chemotherapy for
pancreatic cancer

II

United States

Neoadjuvant
capecitabine,
oxaliplatin, and
irinotecan
chemotherapy in
the treatment of
pancreatic
adenocarcinoma

Capecitabine,
oxaliplatin, and
irinotecan

Singapore

Oxaliplatin,
Xeloda, and
irinotecan in
pancreatic
adenocarcinoma

Oxaliplatin,
Xeloda, and
irinotecan

Italy

A study of
nanoliposomal
irinotecan with 5fluorouracil,
levofolinic acid,
and oxaliplatin in
patients with
resectable
pancreatic cancer

United States

Study of
nanoliposomal
irinotecancontaining
regimens in
patients with
previously
untreated,
metastatic
pancreatic
adenocarcinoma

WJG

Regimen

https://www.wjgnet.com

2842

June 21, 2019

Volume 25

Issue 23

Yang F et al. Modified FOLFIRINOX for pancreatic cancer
Figure 1

Figure 1 Overall survival curves for patients receiving gemcitabine alone following pancreatic cancer resection in six phase III randomized clinical
trials.1Data for the 10th month; 2Data for the 20th month; 3Data for the 40th month; 4Data for the 50th month.
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Abstract
Cytochromes P450s (CYPs) are terminal enzymes in CYP dependent
monooxygenases, which constitute a superfamily of enzymes catalysing the
metabolism of both endogenous and exogenous substances. One of their main
tasks is to facilitate the excretion of these substances and eliminate their toxicities
in most phase 1 reactions. Endogenous substrates of CYPs include steroids, bile
acids, eicosanoids, cholesterol, vitamin D and neurotransmitters. About 80% of
currently used drugs and environmental chemicals comprise exogenous
substrates for CYPs. Genetic polymorphisms of CYPs may affect the enzyme
functions and have been reported to be associated with various diseases and
adverse drug reactions among different populations. In this review, we discuss
the role of some critical CYP isoforms (CYP1A1, CYP2D6, CYP2J2, CYP2R1,
CYP3A5, CYP3A7, CYP4F3, CYP24A1, CYP26B1 and CYP27B1) in the
pathogenesis or aetiology of ulcerative colitis concerning gene polymorphisms. In
addition, their significance in metabolism concerning ulcerative colitis in patients
is also discussed showing a clear underestimation in genetic studies performed so
far.
Key words: Cytochrome P450; Polymorphism; Function; Ulcerative colitis; Aetiology
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
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colitis (UC). Extrahepatic and extrarenal CYPs (e.g., macrophages and dendritic cells of
colonic mucosa) have a critical role in UC development. Polymorphisms discussed can
result in dysregulation of these enzymes in favour of alternative pathways producing
more reactive metabolites. Production of reactive metabolites is favouring more severe
disease states. Pharmacogenetics might facilitate individualized medicine for UC in the
future although actually available data is limited.
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INTRODUCTION
Cytochrome P450s (CYPs) are a superfamily of the integral membrane, heme-thiolate
proteins entailed in the synthesis and breakdown of various molecules and chemicals
within cells[1-3]. CYPs play a role in the metabolism of many endogenous substances
including steroids, bile acids, eicosanoids, cholesterol, vitamin D and neurotransmitters, steroid hormones, cholesterol, fatty acids, bile acids[4-6]. Additional CYPs
metabolise xenobiotics, such as drugs and endogenous molecules such as toxins that
are shaped inside cells[7-11]. The human CYP isoenzymes superfamily is composed of
57 CYP genes and 58 pseudogenes arranged into 18 families and 43 subfamilies[12].
They are located either at endoplasmic reticulum or mitochondria of liver cells, but
are also situated in other cells throughout the body[13-16]. Mitochondrial CYPs are
commonly engaged in phase I reactions with anabolic and catabolic transformations
of endogenous substances, while CYPs in the endoplasmic reticulum generally
process xenobiotics. CYPs are gathered into families and subfamilies as indicated by
the similarity index of the amino sequence. Every CYP is given a number relating a
particular family inside the gene group, a letter exemplifying the subfamily, and a
number allocated to the distinct gene inside the subgroup, e.g., the CYP gene that is in
family 1, subgroup A, gene 1, is written as CYP1A1[12,17-20].
CYPs show intra- or interethnic and intra- or interindividual genetic variations.
These variations or polymorphisms in CYP genes can largely alter the function of the
enzymes. We continue to learn about the properties of these enzymes in humans and
their roles in different diseases. As with many other genes and proteins associated
with a critical life function, specific polymorphisms or variability in these CYPs and,
hence, the gene product will result in pathology and lead to a severe human disease[21-24].
Ulcerative colitis (UC) is an idiopathic chronic inflammation condition with
multifactorial determinants[25]. Populace-based careful surveys have shown that the
frequency of UC worldwide has expanded in recent years. As opposed to the developed communities of North America and Western Europe, where the prevalence of
UC has levelled or even lessened, publications demonstrate that incidences have
elevated in developing countries, for example, those in Latin America, Asia and
Eastern Europe leaving an urgent medical need[26-28]. The progression of UC requires a
hereditary predilection, dysregulated immune reactions and an environmental incites.
Candidate genes comprise those that govern innate immunity and epithelial
boundary function[29-32]. Consequently, the interplay among hereditary and environmental components will cast the gut epithelial-inborn immunity interface and lead to
unique phenotypes in patients with Inflammatory Bowel Disease.
Several studies have demonstrated that the CYP gene polymorphisms have been
associated with the susceptibility to UC, but this is, to the best of our knowledge the
first systematic review on the role of the CYPs polymorphism and function in the
vulnerability and the development of UC. Each CYP will be described and discussed
in alphabetical order, rather than in its importance to UC.

CYP1A1
CYP1A1 (EC 1.14.14.1), a notable aryl hydrocarbon hydroxylase, is expressed in the
liver at exceptionally low quantities, and is mostly translated in human extrahepatic
tissues, including digestive tract[8,33-37]. In humans, since the CYP1A1 is an extrahepatic

WJG

https://www.wjgnet.com

2847

June 21, 2019

Volume 25

Issue 23

Sen A et al. Cytochrome P450 in pathogenesis of ulcerative colitis

protein, it is considered to assume a secondary function in the removal of medications
in vivo, and consequently, the polymorphism of the CYP1A1 gene may have a minor
impact on their metabolic clearance. CYP1A1 assume essential tasks in the bioactivation of a collection of cancer-causing polycyclic aromatic hydrocarbons [PAHs;
e.g., benzo[a]pyrene (B[a]P)], aromatic amines and amides, and mycotoxins
ascertained in certain grains, e.g., aflatoxin B1[10,38-41]. CYP1A1 is also committed in the
metabolism of endogenous compounds such as the pineal hormone melatonin and 17
β-estradiol and estrone [42-44] . It has been acknowledged as the principal CYP
responsible for the C2- or C4-hydroxylation of 17 β-estradiol and estrone in extrahepatic tissues[45].
The CYP1A1 is positioned on chromosome 15 close to the mannose phosphate
isomerase (MPI) locus at 15q22-24 [46] . To date, there are 2092 SNPs depicted for
CYP1A1 in NCBI dbSNP (https://www.ncbi.nlm.nih.gov/snp, access date: February
23, 2019). There are just a couple of investigations on the relationship of CYP1A1
polymorphism and function with UC.
CYP1A1 is the least studied isoform on the genotyping and phenotyping in
gastroenterological practice, on the assumption that it is not involved in the metabolism of the intestine and inadequacy of clinical response. Klotz and colleagues[47]
have tested the hypothesis that the appearance, arrangement, and activity of drugmetabolising enzymes in the gut may produce one or more reactive metabolites and
create UC. For this purpose, they have evaluated the terminal ileum and different
regions of the colon biopsies from 37 patients with UC by staining immunohistochemically for CYP1A1 isozyme. All proteins aside from CYP1A1 were
displayed with comparable recurrence in both control and UC patients. CYP1A1
staining was definite substantially more frequently in patients with UC (39.4%) than
in control (irritable colon, no clinical or histological indications of inflammations;
19.2%). These results may confirm the involvement of this protein in the aetiology or
pathogenesis of inflammation in this tissue.
On the other hand, the more frequent appearance of CYP1A1 could be due to
secondarily to the appearance of inflammation. Other recent studies have further
supported the latter suggestion by demonstrating that the CYP1A1 regulates immune
responses in the intestine and confers protection against intestinal inflammation[48-49].
On the other hand, Plewka and colleagues[50] have pointed out that the expression of
CYP1A1 in enterocytes from UC patients was lower than in control, equivalent to 80%
of the latter. Therefore, CYP1A1 needs to be further studied to resolve its role in UC.
Furthermore, our study included 161 Turkish patients with ulcerative colitis (94
males, 67 females; all Caucasian) consulting the outpatient clinic of the Department of
Gastroenterology, Ege University, Turkey [51,52] . A group of 198 healthy Turkish
Caucasians adjusted for age and sex (115 males and 83 females) were utilised as
controls.
DNA preparations from the Turkish population were subjected to genotype
analysis of CYP1A1*2B (rs4646903, T>C, 3′-flanking region, linked with increased
enzyme activity). Our results showed that the CYP1A1*2A alleles correlate with an
increased predisposition to UC, a piece of further supporting evidence that the
increased CYP1A1 activity might cause the abundant accumulation of reactive
metabolites, which advances an irregular intestinal immune response, causing
irreversible harm to the colonic mucosa and eventually UC. Since there is limited and
conflicting literature available on CYP1A1 polymorphism and function in UC, more
studies are required to clarify the role of CYP1A1 in UC.

CYP2D6
The CYP2D6, also known as debrisoquine hydroxylase, presents a small percentage of
all hepatic cytochrome P450s[53]. It is encoded by the CYP2D6 gene that is localised on
chromosome 22q13.1 and participates in the biotransformation of about 20-25% of the
clinically used drugs[54,55]. The endogenous substrates of CYP2D6 include neurotransmitters and neurosteroids, pinoline, progesterone and lipids[55,56]. It is highly
polymorphic in the human population, and marked inter-racial variation observed.
Individuals are identified as ultra-rapid, extensive, intermediate or poor
metabolizer, according to the number of functional alleles. To date, there are 3257
SNPs described for CYP2D6 in NCBI dbSNP (https://www.ncbi.nlm.nih.gov/snp,
access date: February 23, 2019). CYP2D6 is another isoform that genotyping and
phenotyping are not usually performed for gastroenterological inflammation, on the
assumption that the irrelativity of the medications to intestinal digestion or generally
little metabolic limit of CYP2D6 in the small digestive tract[57,58]. CYP2D6 is another
isoform on which genotyping and phenotyping are not usually performed for
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gastroenterological inflammation, on the belief that there is non-relativity of the
medications to intestinal metabolism or the generally little metabolic limit of CYP2D6
in the small intestine[57,58].
Dudarewicz et al[59] have analysed CYP2D6 genotypes *1 (wild type), *3 and *4
using the PCR-RFLP method in 258 people from central Poland; 65 patients with UC
and 50 with Crohn’s disease (CD); and 143 healthy controls. They announced that
despite the fact that the odds ratio (OR) was higher in carriers of the CYP2D6*1
/CYP2D6*3 genotype [extensive metabolizer (EM)], there was no factually signiﬁcant
difference in the recurrence of the CYP2D6 alleles in patients with UC and CD.
Similarly, Trzcinski et al[60] have shown that the increased OR for inflammatory bowel
disease (IBD) was without statistical significance. These researches suggest that there
were no measurably signiﬁcant variations in the appearance of the CYP2D6 alleles in
IBD patients (UC or CD). However, the EM genotype might be the risk factor for IBD.
Future investigations applied to a larger group of patients are needed to conﬁrm
presumptions.
Handersson et al[61] reported a real-world clinical case portraying the drug-drug
interactions in a UC patient. The patient was on tamoxifen therapy for breast cancer
and was prescribed rifampin for worsening UC. The patient is known to be a CYP2D6
intermediate metabolizer, and rifampin significantly lowered the endoxifen level. It
constitutes a substantial risk of sub-therapeutic efficacy in tamoxifen patients, which
may be of distinct concern among high-risk patients. This study illustrates the clinical
value of CYPs genotyping in UC patients for therapeutic efficiencies of combinative
therapies; exceptional consideration must be practised when required.
Le and Bae [62] carried out a meta-analysis probing the association between
functional CYP2D6 polymorphisms (*3 and *4) and susceptibility to autoimmune
diseases, including IBD. This meta-analysis demonstrated the association and
susceptibility of the functional CYP2D6*3 and *4 polymorphisms with the
autoimmune disease in Caucasians. Therefore, the CYP2D6 gene plays a role in the
aetiology and the development of autoimmune diseases.
More direct evidence was very recently reported relating the CYP2D6*4 allele (PM)
with susceptibility to UC[63]. The researchers studied CYP2D6*4 polymorphisms in 215
unrelated UC patients and 212 separate healthy controls by PCR-RFLP in a Kurdish
population from Iran. A significantly higher frequency of CYP2D6*4 A allele in UC
patients (12.6%) compared to healthy subjects (8.5%, P = 0.046) was reported. Also, the
presence of A allele significantly increased the risk of UC by odds ratio (OR) = 1.56fold (P = 0.047). This report is consistent with the Dudarewicz report showing a
higher frequency of the CYP2D6*4 A allele in patients from Poland. Thus, this study
suggests that CYP2D6*4 polymorphisms may be risk factors for UC susceptibility.
Moreover, a short while ago we reported the role of CYP2D6 in the metabolism of
5-aminosalicylic acid (5ASA), which is an anti-inflammatory drug used to treat
ulcerative colitis. It is known that 5ASA is mainly metabolised to N-acetyl-5-ASA by
N-acetyltransferases (NAT). However, no information is available on the oxidation of
5ASA by CYPs. Also, scarce pharmacogenetic analysis has focused directly on 5-ASA
metabolism. Our study presented compelling evidence indicating that the 5-ASA is a
substrate for CYP2D6 [64,65] . Therefore, knowledge of CYP2D6 allelic variants is
required for the better response of UC patients to this specific medication.
All these studies have strongly suggested that further studies are required to clarify
the role of the CYP2D6 gene in aetiology, development and pathogenesis and the
treatment of UC.

CYP2J2
CYP2J2 is the sole member of human CYP2J subfamily and the prominent arachidonic
acid (AA) epoxygenases. It is localised on chromosome 1q32.1 and participates in the
metabolism of AA to all four cis-eicosatrienoic acid epoxides (EETs) as 5,6-EET, 8,9EET, 11,12-EET and 14,15-EET, some of them exhibits signalling properties in antiinflammatory pathways[66]. It is shown mainly in the cardiovascular system, yet is also
displayed in the intestines, stomach, and other tissues[67-70].
Bystrom et al[71] demonstrated that CYP2J2 is an inflammation-induced enzyme
displaying anti-inflammatory activities and raises phagocytosis of both gram-positive
and negative bacteria. It was noted that the deficiency of CYP2J2 in IBD (CD)
macrophages in response to bacterial infection may participate in the pathogenesis of
the disease. Boosting the epoxygenase metabolites or the use of 11,12-EET mimetics
may present useful therapeutic approaches for the treatment of IBD[66,71]. Therefore, the
proper function of CYP2J2 is vital for bacterial clearance in IBD, and a deficit in the
CYP2J2 pathway may advance bacterial pathogenesis resulting in the development of
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IBD. Likewise, Qiu et al[72] assessed the EETs and the expression of CYP2J2 in colon
tissue biopsies collected from UC patients along with adjacent unaffected tissues to
study the role of CYP2J2 in UC. It was found that the quantities of EETs were
significantly higher in UC tissues matched with adjacent unaffected tissues (1.91 ±
0.98 ng/mg vs 0.96 ± 0.77 ng/mg, mean ± SD, P < 0.01). Also, the expression of
CYP2J2 rose significantly in UC tissues (P < 0.05). Thus, the increment in EET levels
may be part of a defence mechanism in UC and CYP2J2 could be a key target for drug
therapy for UC.
In addition, it was reported that endocannabinoids such as arachidonoyl
ethanolamide (AEA) are significantly increased during intestinal inflammation and
the CYP2J2 produced metabolites are related to pathologic conditions of the
gastrointestinal tract[66,73-76]. CYP2J2 converts EAE to 20-hydroxyeicosatetraenoic acid
ethanolamide (20-HETE-EA) and some other EET-EA metabolites which bind to
cannabinoid-1 receptors (CB1-Rs) on neurons and cannabinoid-2 receptors (CB-2Rs)
on immune and epithelial cells of the gut reducing digestion and represses the
liberation of inflammatory mediators[77,78]. Also, UC patients display raised histamine
levels which increase pathogenic neutrophil invasion into the colonic mucosa,
intensifying the symptoms of colitis [79-82] . CYP2J2 has appeared to assume a
fundamental role in the intestinal metabolism of antihistamines such as astemizole
and ebastine. Thus, the knowledge of pharmacogenetics of CYP2J2 is essential and
contribute to useful therapeutic approaches for the treatment of IBD.
There have been 7214 SNPs in human CYP2J2 gene in NCBI dbSNP
(http://www.ncbi.nlm.nih.gov/snp, access date: 24 February 2019). A portion of
these SNPs has been appeared to have a potential association with certain diseases,
particularly cancer and heart diseases[83]. However, there is only a single report in the
literature focusing on the relationship of CYP2J2 variation to UC. Otte and
collaborators [84] have screened the polymorphism at position -50 (G-50T) in the
promoter region of CYP2J2 (CYP2J2*7) in 146 UC and 147 CD patients matched to 357
healthy German people. CYP2J2*7 has a G>T replacement in the regulatory region at 50 position at the transcriptional start, causing diminished translation because of the
loss of the Sp1 binding site[85,86]. Thus, this creates a smaller amounts of the CYP2J2
protein causing decreased CYP2J2 epoxygenase metabolites in vivo. The -50T allele
was identified in 19.9% of subjects with UC 14.3% of subjects with CD, and 10.9% of
the control group (P < 0.05). Additionally, a noteworthy higher recurrence of this
allele was distinguished in patients with UC in contrast to the CD group. Their
outcomes unequivocally support the relationship of UC with the promoter
polymorphism in the CYP2J2 gene showing a critical function of epoxyeicosatrienoic
acids in the pathophysiology of IBD. Further examinations are expected to depict the
actions of CYP2J2 in pathology and the treatment of UC.

CYP2R1
The CYP2R1 gene produces an enzyme called vitamin D-25-hydroxylase (EC
1.14.14.24), showing a 25-hydroxylase action on both types of vitamin D, vitamin D2
and D3. It catalyses the initial reaction leading to the production of 1,25-dihydroxy
vitamin D3, also called calcitriol[87]. CYP2R1 is located on chromosome 11p15.2 and
converts vitamin D into 25-hydroxyvitamin D (calcidiol), which is the essential
circulatory form of vitamin D.
There have been 4247 SNPs in human CYP2R1 gene in NCBI dbSNP
(http://www.ncbi.nlm.nih.gov/snp, access date: 25 February 2019). However, there
is no one study on the association of any of these SNPs with IBD, both CD and UC.
Moreover, most studies focused on its role in vitamin D and related clinically
significant diseases such as vitamin D deficiency [88] . However, few studies have
examined its role in some autoimmune diseases such as multiple sclerosis, T1D,
Hashimoto’s disease and Grave’s disease[89-94].
There is a convincing amount of evidence that vitamin D deficiency is one of a
designated set of factors proposed to intervene in the contemplated relationship
between environmental exposures and IBD, CD and UC[95-98]. It would be expected
that the enzyme responsible for the production of active vitamin D, i.e., CYP2R1, has
some role in IBD. However, since it has been proposed that there is redundancy in the
enzymes responsible for the 25-hydroxylation step, the identification of affected
individuals with CYP2R1 polymorphisms has been difficult.
The rs10741657, located near the CYP2R1 gene has been linked by several studies to
the increased risk of vitamin D insufficiency[99]. Moreover, an immense connection
between the CYP2R1 gene transcript and 1,25(OH)2D3 plasma levels in the helper T
cells was affirmed[99]. Ramos-Lopes et al[89] genotyped 203 simplex type 1 German
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diabetes families for the rs10741657 polymorphism. They examined the 25(OH)D3
quantities comparing to CYP2R1 polymorphisms to its mRNA transcripts from
peripheral blood mononuclear cells (PBMCs) in 133 T1D patients. The G variant of the
rs10741657 polymorphism was more regularly transmitted to influenced children and
was likewise more prevalent in cases than in the controls (46.1% vs 35.7%, P = 0.03).
Patients conveying the genotype “GG” or “GA” of the rs10741657 polymorphism had,
by and large, lower amounts of 25(OH)D3 in contrast to those with the genotype
“AA”. They showed an association of CYP2R1 polymorphisms with 25(OH)D3 levels
in T1D patients. Coper et al [90] and Hussein et al [91] likewise detailed a similar
association. Also, the relationship between the variant CYP2R1 alleles and MS risk
suggested being dependency on the presence of the HLA-DR15 risk allele and other
factors such as gender[89,94].
In conclusion, taking all of these studies into account, we have to remain sceptical
regarding any association between CYP2R1 and IBD, both CD and UC, and emphasise that research efforts must be accelerated in oder to generate the answers. It
would be not unexpected that CYP2R1 had a role on which we can only speculate
with given data so far.

CYP3A4/3A5/3A7*
CYP3A4 (EC 1.14.13.97) is one of the most widely studied enzymes among CYPs since
it metabolises approximately 60% of prescribed drugs, is localised mainly in the liver
and in the intestine and is induced by glucocorticoids and some pharmacological
agents[53,100]. In grown-ups, they are the main CYP3A subfamily members expressed in
the liver and the intestine. CYP3A4 is the portion of a cluster of CYP genes on
chromosome 7q22.1. It is called niphedipine oxidase but has many other aliases for its
activity such as cholesterol 25-hydroxylase, taurochenodeoxycholate 6-alphahydroxylase and 1,8-cineole 2-exo-monooxygenase[101-103]. CYP3A4 also metabolises
arachidonic acid to EETs or 20-HETE, expressing both epoxygenase and monooxygenase activities[104,105].
On the other hand, CYP3A5, a highly polymorphic enzyme, has been reported to
range from undetectable amounts to amounts comparable to those of CYP3A4 in the
human liver[106]. It is also part of a cluster of CYP genes on chromosome 7q21.1 and
exhibits similar enzymatic activities[54,107].
5521 and 6608 SNPs have been found in human CYP3A4 and CYP3A5 genes,
respectively in NCBI dbSNP (http://www.ncbi.nlm.nih.gov/snp, access date: 26
February 2019). However, there is no study on the association of any of these SNPs
with IBD, both CD and UC. Yet, the role of variants in the transformation of the drugs
used for the treatment of UC was studied in detail, particularly tacrolimus[108-110].
Tacrolimus is an immunosuppressive drug, utilised in the treatment of UC patients
who have no response to 5-ASA or corticosteroids[111]. Tacrolimus is a substrate of
CYP3A4 and CYP3A5, and they are in charge of the metabolism of tacrolimus[112].
CYP3A5’s ancestral polymorphisms influence tacrolimus metabolism, for the most
part. An SNP in the CYP3A5 gene including an A>G change at position 6986 inside
intron 3 (rs776746) was determined to be strongly associated with CYP3A5 protein
synthesis. CYP3A5*3/*3 genotypes are viewed as CYP3A5 non-expressers, while
CYP3A5 expressers convey at least one CYP3A5*1 allele[113,114].
Many studies have shown that tacrolimus dose requirements are influenced by
CYP3A4/5 genetic polymorphisms and the adverse events especially nephrotoxicity
were frequently observed in CYP3A4/5 expressers. In addition, CYP3A4/5 expressers
require that particular attention should be paid to the onset of nephrotoxicity. Thus,
genotyping for CYP3A5 variants allows individualised care to be practised[57,108,110,115,116].
Plewka et al [50] reported that the CYP3A4 level was slightly higher in UC as
compared to the control level. Additionally, in this case, the expression of CYP3A4
was restrained particularly in epithelial cells of the mucosa in the colon. The
expression level of the fetal form of CYP3A, i.e., CYP3A7, was increased 3-fold in the
colonic tissues of UC patients[117]. In addition, it was reported that CYP3A4 were
induced by mesalazine (5-ASA), a drug used to treat colitis, in a concentrationdependent manner, both in cultured hepatocytes and human cryopreserved
hepatocyte from UC [118] . Similarly, we have also determined that 5-ASA is both
inducer and substrates for CYP3A4[64,65]. Accordingly, alteration in CYP3A4 activity in
disease states may be an underappreciated determinant of difference in the aetiology
of UC.

CYP4F3
WJG

https://www.wjgnet.com

2851

June 21, 2019

Volume 25

Issue 23

Sen A et al. Cytochrome P450 in pathogenesis of ulcerative colitis

CYP4F3 known as leukotriene-B4 omega-hydroxylase encodes two distinct enzymes
and is part of a cluster of CYP genes on chromosome 19. CYP4F3 encodes two splicevariants, CYP4F3A and CYP4F3B, and their expression is tissue-specific with
CYP3F3A being expressed mostly in leukocytes and CYP4F3B chiefly in the liver[119,120].
They metabolise leukotriene B4 and very likely 5-hydroxyeicosatetraenoic acid by an
omega oxidation reaction, leading to the inactivation and degradation of well-known
mediators of inflammation[121]. Thus, CYP4F has underlain the proposed roles of
cytochromes in depressing inflammatory responses, and CYP4F3 is associated with
IBD[122,123]. CYP4F3A/B also omega oxidise arachidonic acid to 20-HETE as well as
EETs[124].
Five thousand five hundred and seventy-five SNPs have been found in human
CYP4F3 in NCBI dbSNP (http://www.ncbi.nlm.nih.gov/snp, access date: 27
February 2019). Ananthakrishnan and colleagues[125] have genotyped CYP4F3 in 101
CD and 139 UC patients matched to 495 controls. They revealed that that high
consumption of a high amount of n3:n6 PUFA (above median) exhibited a relationship to a decreased risk of UC (OR = 0.71, 95%CI: 0.47-1.09, P = 0.11). In
addition, high n3:n6 PUFA intake was related with a decreased risk of UC in people
with the GG/AG genotype (rs4646904) in CYP4F3 (OR = 0.57, 95%CI: 0.32-0.99)
compared to those with the AA genotype (OR = 0.95, 95%CI: 0.47-1.93) (P-connection
= 0.049). Despite the fact that the rs4646904 (converged into rs1805042) CYP4F3
variant is synonymous, it is proposed that it changes the splicing efficiency and gene
expression level[126]. Hence, CYP4F3 variations are determinant of the relationship
between dietary n3:n6 PUFA intake and the risk of UC. It is the only study present in
the literature involving the CYP4F3 variants and an association between the UC.
There is a definite need for additional studies examining the impact of other
polymorphisms in exploring the association of specific CYP4F3 variants with UC as
well as defining the diet-UC associations in patients.

CYP24A1
CYP24A1 is a mitochondrial monooxygenase which assumes a crucial function in
calcium homeostasis through controlling the level of vitamin D3[127]. It is characterised
as vitamin D3 24-hydroxylase (EC 1.14.15.16; Entrez Gene: CYP24A1 cytochrome P450
family 24 subfamily A part 1 [Homo sapiens (human)] accessed 28 February 2019). It
facilitates hydroxylation reactions leading to the degradation of 1,25-dihydroxy
vitamin D3, the physiologically active class of vitamin D. Hydroxylation of the side
chain of vitamin D3 produces calcitroic acid and various metabolites which are
discharged in bile. Inactivation of vitamin D is achieved by the mitochondrial catalyst,
25-hydroxyvitamin D3-24-hydroxylase, first portrayed in the mid-1970s and at first
accepted to be included exclusively in the renal 24-hydroxylation of 25-OH-D3. Work
performed over the ensuing 35 years has demonstrated that 24-hydroxylase is the
aftereffect of CYP24A1[128,129]. CYP24A1 catalyses the transformation of both 25-OH-D3
and 1,25-(OH)2D3 into a series of 24- and 23-hydroxylated compounds directed to
well-known pathways ending in the water-soluble biliary metabolite such as calcitroic
acid and 26,23-lactone[130].
Besides being a self-induction of CYP24A1 by the 1,25-(OH)2D3 itself, the enzyme
is controlled by crucial determinants such as the parathyroid hormone (PTH) and the
fibroblast growth factor (FGF). 1,25-(OH)2D3-mediated PTH significantly reduces
induction of the CYP24A1 expression because of destabilisation and enhanced
degradation of CYP24A1 mRNA[130-132]. The translation of CYP24A1 is enhanced via
PI3K-Akt-facilitated IRES within 5'UTR-dependent manner in response to the
inflammatory condition by shifting from monosomal to polysomal fractions [133] .
CYP24A1 is located on chromosome 20q13.2, and 6746 SNPs have been found in
human CYP24A1 in NCBI dbSNP (http://www.ncbi.nlm.nih.gov/snp, access date: 28
February 2019).
CYP24A1 is correlated with idiopathic infantile hypercalcemia and is associated
with the risk of cell-mediated immune mechanisms in MS and IBD [98,134,135] . The
increased expression of CYP24A1 accompanied by CYP27B1 in inflamed colonic
tissues in IBD patients results in the loss of 25(OH)D thereby exerting downward
pressure on the vitamin D status. Therefore, it is essential in the regulation of
inflammations.
Recently Chen et al [136] have genotyped rs4809957, rs6068816, rs6091822 and
rs8124792 SNPs in 44 ulcerative colitis patients along with a control group composed
of 504 East Asians enrolled in the 1000 Genomes Project. CYP24A1 polymorphisms
rs4809957 A/G and rs6068816 C/T demonstrated a statistically noteworthy
association with the UC when both the genotypes and allele frequencies were
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considered together. Regarding rs6091822 G/T, UC was identified with risk allele
bearers (GT + TT) vs wild-type (GG). However, the relationship between the allele
frequencies and the disease were not significant. These alleles were additionally
observed to be related to the risk of colonic polyps and colon cancer, and low-dose
aspirin-related small intestine bleedings [ 1 3 7 , 1 3 8 ] . Rs4809957 situated in the 3′
untranslated vicinity neighbouring the polyA microsatellite repeat influences the
stability of CYP24A1 mRNA and is proposed to be a coupling site for the retinoic
acid-responsive element. Contrarily, rs4809957 may influence methylation of 3'UTR. It
was accounted for that the 3'UTR of mRNA was the objective of miRNA to hasten
degradation[139,140]. Rs6068816 likewise demonstrated a factually strong relationship
with the risk of UC. Then OR for rs6068816 C vs T was again high (OR = 18.260,
95%CI: 8.350-39.932). Consequently, these discoveries demonstrate that rs6068816 T is
a strong risk factor for UC as well. Changes in rs6068816 would not influence the
amino acid residue of the CYP24A1 protein yet may influence intron splicing[141].
Interestingly, several SNPs in CYP24A1 and the other genes involved in vitamin D
metabolism and signalling seem to exhibit susceptibility to UC in Asians, yet do not
have a statistically significant effect on IBD risk in Europeans[136,142-145]. It is proposed
that SNPs in CYP24A1 take part in the initiation or development of UC, and are not
merely the result of ulcerative colitis-related malfunctions[136]. Despite the fact that the
mechanisms are indistinct, it might be identified with vitamin D metabolism and
signalling since both in vivo and in vitro investigations have shown the function of
vitamin D in immune intervened diseases [98,145,146] . It is realised that vitamin D
insufficiency cause diminished colonic bacterial clearance, decreased expression of
tight junctions in the intestinal epithelium, and raised Th1 cell-driven inflammation at
the gut level[97,127,145]. Therefore, CYPs in vitamin D metabolism are associated with the
UC and deserve further detailed examinations.

CYP26B1
CYP26B1 is defined on chromosome 2p13.2, and the protein product is localised on
the endoplasmic reticulum. It works as a crucial switch of all-trans retinoic acid (RA)
levels. It inactivates all-trans retinoic acid to hydroxylated forms, including 4-OH-RA,
4-oxo-RA, and 18-OH-RA[147]. Mutations in this gene are related to radiohumeral
fusions and other skeletal and craniofacial abnormalities, and an increased level of the
protein is associated with atherosclerotic lesions. Alternative splicing results in
multiple transcripts.
Kang et al[148] demonstrated that both high and low vitamin A levels brought about
ameliorated intestinal inflammation and differentially activated subsets of FoxP3+
cells in SAMP1/YP mice. Likewise, Takeuchi et al [149] concluded that CYP26B1
expression was stimulated by all trans-RA in T-cells of the mesenteric lymph nodes
(MLN) and Peyer's patches (PP) and changed the expression of CYP26B1 altering T
cell dealing and separation in the gut. As of lately, Chenery et al[150] have demonstrated
that CYP26B1 can restrict the differentiation of iTreg and Th17 cells and is differentially expressed by these cells to tweak RA responsiveness. In this manner,
CYP26B1 in T cells is associated with the pathogenesis of T cell-mediated chronic
inflammation in the colon, possibly by controlling T cell effector activity in the
intestinal tissue.
Five thousand three hundred and thirty-nine SNPs have been found in human
CYP26B1 in NCBI dbSNP (http://www.ncbi.nlm.nih.gov/snp, access date: 28
February 2019). There is only one study reporting the SNPs in CYP26B1 and the risk
of IBD (UC and CD). Fransen et al [151] investigated the association of rs2241057
polymorphism with the threat of CD and UC, knowing that rs2241057 has an elevated
catabolic function of retinoic acid. DNA from 1378 IBD patients (871 CD and 507 UC)
and 1205 healthy controls gathered at Orebro University Hospital, and Karolinska
University Hospital was genotyped for the CYP26B1 rs2241057 polymorphism. They
detailed that a higher recurrence of patients homozygous for the dominant (T) allele
was associated with the CD though not UC compared to the recurrence found in
healthy controls. Hence, CYP26B1 polymorphism rs2241057 may have an increased
risk for the progression of CD, which conceivably might be because of raised levels of
RA. It was criticised that the lower number of enrolled patients with UC and the lack
of standardisation in terms of ethnicity might be the reason for the absence of
significant associations in UC. Therefore, their study requires further replication
efforts and mechanistic studies to confirm the reported associations. In conclusion,
further studies exploring vitamin A and CYP26B1 in the pathogenesis of both CD and
UC are needed.
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CYP27B1
The CYP27B1 gene supplies information to produce a mitochondrial protein called 25dihydroxy vitamin D3 1-α-hydroxylase (EC 1.14.13.13). This catalyst performs the
second of two consecutive reactions to transform vitamin D to its active structure,
1,25-dihydroxy vitamin D3 [1,25-(OH)2-D3], also called calcitriol. Vitamin D can be
obtained from the diet or can be made on the body surface with the assistance of
sunlight exposure. Whenever active, this vitamin is associated with retaining up the
best possible balance of a few minerals in the body, including calcium and phosphate,
which are fundamental for the regular composition of bones and teeth. Vitamin D is
likewise engaged with a few other processes unrelated to bone and tooth organisation. It is currently kown that the protein exists in non-renal tissues to help
increase the production of cellular 1,25-(OH)2-D3, a paracrine/autocrine system[129,152].
It affects immunomodulatory activities by repressing human leukocyte antigen (HLA)
class II expression on endocrine cells, T cell proliferation and secretion of inflammatory cytokines that are thought to function in autoimmune tissue disruption[153-159]. In this way, the expression of CYP27B1 in cells of the colon, breast,
prostate and monocyte/macrophage are so fundamental to the ordinary functioning
of these tissues.
The cytogenetic location of the CYP27B1 is the long arm of chromosome 12 at
position 14.1 (12q14.1). 1929 SNPs have been found in human CYP27B1 in NCBI
dbSNP (http://www.ncbi.nlm.nih.gov/snp, access date: 5 March 2019). Diseases
associated with CYP27B1 include Type 1A and hypocalcemic vitamin D-dependent
rickets and autoimmune diseases such as Addison, Hashimoto, Grave’s, T1D and
MS[158,160-164].
Du et al[159] surveyed the expressions of colonic CYP27B1 in UC patients. They
gathered colon mucosal biopsies from the inflamed lesions and adjacent normal
tissues from a cohort of patients with active UC. They revealed that CYP27B1
originating from colon epithelium, were notably induced in the lesions contrasting to
the adjacent normal tissues in these patients. It was additionally bolstered by the
observation that colon mucosal CYP27B1 was likewise induced significantly in an
experimental colitis mouse model, and this nearby CYP27B1 induction and colonic
inflammation required the community of commensal microscopic organisms.
Therefore, in this context, it is vital to keep a regular vitamin D status with the goal
that adequate substrate can be provided to CYP27B1, which produces local
1,25(OH)2D3 to protect the mucosal barrier and decrease colonic inflammation.

CONCLUSION
It is a widely accepted hypothesis that UC is caused by a reactive xenobiotic metabolite, which is conjugated before excretion. As was pointed out throughout this
review, the function and the polymorphism of CYP1A1, 2D6, 2J2, 2R1, 3A4/5, 4F3,
24A1, 26B1 and 27B1 genes are undoubtedly important in the pathogenesis and
clinical interest of UC, possibly producing reactive metabolites (Figure 1). These CYPs
are somewhat involved in the metabolism of endogenous substrates, most notably
vitamin D. It is evident that more of these polymorphisms are either loss-of-function
mutations changing the amount of reactive metabolite produced and inhibiting or
inducing the enzymes catalysing alternative pathways with the possibility of more
severe conditions leading to disease states. However, some polymorphisms result in
dysregulation of these enzymes leading to disease state. Most importantly, the exact
role of the extrahepatic and extrarenal CYPs such as macrophages and dendritic cells
of colonic mucosa is more critical to the development of UC and should require more
thorough examinations to clarify their exact roles. The release of these metabolites
resulted from polymorphic CYPs functions damage the colonic epithelial barrier and
expose the mucosal immune system to luminal contents, thereby initiating an
inflammatory response. It is undoubtedly an exciting moment to be involved in the
study role of CYPs in autoimmune diseases like UC. An additional benefit is for
rationalising the use of current therapeutics, i.e., administering the right drug at the
right time and place to the right person. In addition to the polymorphism of CYPs,
epigenetic regulation of UC cannot be excluded[165,166].
Early determination of disease-specific genes at the phase when their tolerance is
still preserved would be the most critical since the essential treatment can be
appropriately begun before auto-animosity happens. The candidate genes for genetic
variant analysis was usually chosen from the genes associated with the pathogenesis
of UC. Albeit a few SNPs have been identified to be related to drug response in
patients with UC, most of these discoveries are as yet uncertain. Since not a single
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Figure 1

Figure 1 Overview the role of cytochromes P450s in ulcerative colitis. M: Metabolites; CYP: Cytochromes P450.

gene but rather different genes are engaged with the pathogenesis of UC just as drug
responses are, a genome-wide association studies (GWAS) could be a progressively
powerful methodology for distinguishing candidate genes to incorporate into these
pharmacogenomic models. However, since the GWAS do not characterise the
association between a gene and phenotype of the disease, discoveries from GWAS as
well as the biological and clinical associations between the particular loci and diseases
ought to be additionally investigated by conventional candidate gene examinations,
for example, allelic separation by real-time PCR.
In future, more thorough investigations are necessary to elucidate the act of CYPs
in the pathogenesis of UC. Furthermore, better learning of the role of genetic polymorphisms and haplotypes in CYPs expression and function will add to an excellent
comprehension of inter-individual, ethnic and inter-ethnic variations in drug
metabolism and impacts.
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Abstract
Molecular mechanisms associated with inflammation-promoted tumorigenesis
have become an important topic in cancer research. Various abnormal epigenetic
changes, including DNA methylation, histone modification, chromatin
remodeling, and noncoding RNA regulation, occur during the transformation of
chronic inflammation into colorectal cancer (CRC). These changes not only
accelerate transformation but also lead to cancer progression and metastasis by
activating carcinogenic signaling pathways. The NF-κB and STAT3 signaling
pathways play a particularly important role in the transformation of
inflammation into CRC, and both are critical to cellular signal transduction and
constantly activated in cancer by various abnormal changes including
epigenetics. The NF-κB and STAT3 signals contribute to the microenvironment
for tumorigenesis through secretion of a large number of pro-inflammatory
cytokines and their crosstalk in the nucleus makes it even more difficult to treat
CRC. Compared with gene mutation that is irreversible, epigenetic inheritance is
reversible or can be altered by the intervention. Therefore, understanding the role
of epigenetic inheritance in the inflammation-cancer transformation may
elucidate the pathogenesis of CRC and promote the development of innovative
drugs targeting transformation to prevent and treat this malignancy. This review
summarizes the literature on the roles of epigenetic mechanisms in the
occurrence and development of inflammation-induced CRC. Exploring the role of
epigenetics in the transformation of inflammation into CRC may help stimulate
futures studies on the role of molecular therapy in CRC.
Key words: Colorectal cancer; Inflammation; DNA methylation; Histone modification;
LncRNA; MicroRNAs; Epigenetics
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Core tip: Chronic inflammation can promote the occurrence and progression of colorectal
cancer (CRC), drawing more attention to the role of pro-inflammatory cytokines and
immune cells in this cancer. By regulating the expression of various inflammatory
signaling pathways and pro-inflammatory cytokines, epigenetic inheritance not only
participates in the transformation of inflammation into CRC, but also facilitates invasion,
metastasis, and drug resistance of CRC. Compared with gene mutation that is
irreversible, epigenetic inheritance is reversible or can be altered by the intervention.
Therefore, the tumor microenvironment can be regulated by modulating epigenetic
modifications, which may be novel alternatives to prevent and treat CRC.
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INTRODUTION
In recent years, accumulating evidence indicates that chronic inflammation leads to
the occurrence and development of many tumors[1,2]. The relationship between inflammation and cancer has long been investigated. Two thousand years ago, the
Greek physician Galen described the similarities between cancer and inflammation
and believed that cancer might evolve from inflammatory lesions[3]. In 1863, Virchow
identified inflammatory cell infiltration in tumor tissues and explained it as a reaction
to the origination of cancer at sites of chronic inflammation, proposing the hypothesis
of the inflammation-cancer transformation[4]. Colorectal cancer (CRC) is the third most
common malignant tumor and the fourth leading cause of cancer-related mortality
worldwide[5]. The pathogenesis of CRC is complex. Previously, most scholars believed
that CRC was a genopathy and a highly heterogeneous tumor resulting from an
accumulation of genetic abnormalities, the failure of cancer defense mechanisms, and
the activation of carcinogenic pathways[6]. However, increasing evidence suggests that
CRC is a typical inflammation-dependent cancer. The risk of developing CRC
increases in patients with inflammatory bowel disease (IBD), such as ulcerative colitis
or Crohn's disease, which is more likely to be caused by chronic inflammation of the
intestinal mucosa than by any definitive genetic predisposition[7-9]. In addition, chronic
inflammation plays an important role in the occurrence and development of sporadic
CRC, and the expression of interleukin-1 (IL-1), IL-6, IL-17A, and IL-23 is increased in
most sporadic CRC cases[10,11].
Various proinflammatory signaling pathways participate in the transformation of
inflammation into CRC, including the NF-κB, IL-6/STAT3, cyclooxygenase-2 (COX2)/PGE2, and IL-23/Th17 pathways, which induce the production of inflammatory
mediators, upregulate the expression of antiapoptotic genes, stimulate cell proliferation and angiogenesis, and thereby contribute to tumorigenesis[12]. The NF-κB
signaling pathway includes both classical and non-canonical pathways. The classical
pathway is activated by pro-inflammatory cytokines, pathogen-associated or damageassociated molecular patterns. The non-canonical pathway is activated by a small
subset of cytokines including lymphotoxin, receptor activator of NF-κB ligand, CD40
ligand, and B cell activating factor of the tumor necrosis factor (TNF) family [13] .
Activation of NF-κB not only affects DNA damage and carcinogenic mutations, but
also causes tumorigenesis by promoting the production of reactive oxygen species
(ROS) and reactive nitrogen. It can also cause chromosomal instability, aneuploidy,
and epigenetic changes, leading to tumorigenesis and development[14,15]. NF-κB and
STAT3 are nuclear transcription factors required for the regulation of tumor
proliferation, survival, angiogenesis, and invasion; their target genes encode the
critical cancer-promoting inflammatory mediators[13-19]. NF-κB and STAT3 signaling
contributes to the tumorigenic microenvironment by mediating the secretion of
various proinflammatory cytokines, and the crosstalk of these pathways in the nucleus makes CRC even more difficult to treat[18,20,21].
To date, abundant evidence has indicated that epigenetic changes play an
important role in the transformation of inflammation into CRC as well as in the
occurrence, development, invasion, metastasis, and drug resistance of this cancer.
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These epigenetic changes include DNA methylation, histone modification, and
noncoding RNA (ncRNA) alterations. Molecular mechanisms associated with
inflammation-promoted tumorigenesis are currently an important branch of cancer
research; therefore, understanding the role of epigenetic inheritance in the occurrence
and development of CRC may elucidate the pathogenesis of this cancer and promote
the development of innovative drugs targeting transformation for CRC treatment.

DNA METHYLATION
DNA methylation is an important epigenetic modification related to gene expression
and mediated by DNA methyltransferases (DNMTs), and an imbalance in genomic
methylation leads to tumors. Approximately half of human gene promoters are rich in
C-G sequences, also called CpG loci because of the phosphodiester bond linking the C
and G nucleotides. If they are present in DNA sequences, CpG islands are likely
located in genetic regulatory elements[22,23] and are usually defined as regions with a
length greater than 200 base pairs and a G + C content greater than 50%[24,25]. DNA
methylation starts at one end of the islands and continues to gene promoters and
initiation sites, altering the three-dimensional configuration of the DNA and
inhibiting its interaction with transcription factors, ultimately silencing gene expression. In contrast, hypomethylation promotes gene expression[23,26]. In CRC, the
commonly observed types of methylation include hypermethylation of antioncogene
DNA and hypomethylation of oncogene DNA. More importantly, DNA methylation
can be stably inherited by progeny cells through histone marks at methylation sites,
leading to hereditary effects without changes in DNA sequences[27].
IBD has been demonstrated to increase the risk of CRC incidence. A meta-analysis
of population-based cohort studies indicated that the incidence of CRC within 10, 20,
and > 20 years was 1%, 2%, and 5%, respectively, in patients with IBD[28,29]. In addition,
DNA methylation promotes the tumorigenesis and progression of colitis-associated
CRC (CAC). The expression of DNMT1 is appreciably higher in CAC samples than in
tumor tissues of patients with sporadic CRC, indicating an increased level of DNA
methylation in CAC tissues[30]. However, the frequency of chromosomal instability
and microsatellite instability in CAC is generally the same as that in sporadic CRC. In
approximately 46% of patients with microsatellite instability-high CAC, the hMLH1
gene is hypermethylated[31]. The cell cycle inhibitor gene p16INK4a, which has been
reported to be negatively associated with the occurrence of sporadic CRC, is often
methylated in tumor samples from CAC patients[32,33]. In addition, the p14ARF gene can
indirectly regulate the expression of the p53 protein, and methylation of p14ARF is a
relatively common early event in ulcerative colitis-associated colorectal carcinogenesis[34]. Furthermore, the methylation levels of the ITGA4, TFPI2, and VIM
gene promoters are increased in inflamed colon tissues, which may imply a high risk
of CAC development[35] (Figure 1A). Recent genome-wide studies have provided
important insights into the characteristics of DNA methylation in tumors[36]. Using
monoalkyl methylation profiles in a colitis-induced mouse colon cancer model, AbuRemaileh et al [37] identified a novel epigenetic modification characterized by
hypermethylation of the DNA methylation valley (DMV), which leads to the silencing
of DMV-related genes, thus facilitating inflammation-induced cell transformation.
Studies have shown that the methylation of specific genes is associated with
inflammatory conditions, dysplasia, and malignant transformation, indicating that
epigenetic modifications are involved in inflammation-induced carcinogenesis[38-40].
Many proinflammatory cytokines secreted as a result of NF-κB and STAT3 signaling
pathway activation are activated and promote the transformation of inflammation
into CRC[20]. For example, IL-6 silences the expression of suppressor of cytokine
signaling 3 (SOCS 3) by inducing high expression levels of DNMT1. SOCS3 is an
important negative regulator of cytokine-induced STAT3 signaling, and its silencing
ultimately contributes to the occurrence of CRC[41]. TNF molecules depend on the NFκB signaling pathway to silence the gene encoding the proapoptotic protein kinase cδbinding protein through gene promoter methylation, which facilitates the growth of
cancer cells[42]. IL-6 has been demonstrated to increase the methylation of the promoter
regions of genes related to tumor inhibition, cell adhesion, and apoptosis resistance,
and this increase could be prevented by treatment with the DNMT 1 inhibitor 5azadeoxycytidine[30] (Figure 1B). IL-6 produced during intestinal inflammation can
modulate the expression of CYP2E1 and CYP1B1 (cytochrome P450 enzymes) via
transcriptional and epigenetic mechanisms, altering the metabolic capability of
epithelial cells. Indeed, one study suggested that IL-6 reduces the expression of
miR27b, which targets CYP1B1, through a DNA methylation mechanism, thereby
increasing dietary carcinogen activation and DNA injury, which leads to the
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Figure 1

Figure 1 DNA methylation regulates the transformation of inflammation into colorectal cancer. A: DNA hypermethylation levels inhibit expression of
antioncogenes, resulting in the occurrence of colorectal cancer (CRC); B: Inflammatory cytokines regulate STAT3/NF-κB signaling to promote the occurrence of CRC
by DNA methylation. CRC: Colorectal cancer; IL-6: Interleukin-6; DNMT1: DNA methyltransferase 1; SOCS3: Suppressor of cytokine signaling 3.

occurrence of CRC[43]. As an important component of natural humoral immunity,
PTX3 activates and regulates the complement cascade by interacting with C1q and
factor H and plays a role in the regulation of inflammation. PTX3 has been considered
an exogenous antioncogene, and PTX3 deficiency increases sensitivity to epithelial
carcinogenesis[44,45]. An analysis of epigenomic data revealed high methylation levels
in the PTX3 gene promoter in CRC[46,47]. Prostaglandin, a signaling molecule with
important pro- and anti-inflammatory effects, is synthesized from arachidonic acid
through the prostaglandin endoperoxide synthase (PTGS; also called cyclooxygenase
or COX) pathway. PTGS2 (also called COX-2), one of the key enzymes in the pathway,
is overexpressed in CRC, leading to oversecretion of the downstream metabolite
prostaglandin E2 (PGE-2)[48]. Deregulation of the COX-2/PGE2 signaling pathway is
associated with many tumors, including CRC, and the expression levels of COX-2 and
PGE2 are closely related not only to metastasis and poor prognosis in patients with
CRC but also to chemotherapeutic resistance in tumors[49-52]. Indeed, a study showed
that high methylation rates of select gene promoters stimulate the production of PGE2,
block the production of other bioactive prostaglandins, and ultimately promote the
development of CRC[53]. Moreover, the results of this study suggest that the antitumor
effects of nonsteroidal anti-inflammatory drugs (NSAIDs) may be related to the ability
of these drugs to inhibit COX-2. FXR regulates bile acid metabolism and inhibits the
production of the secondary bile acid cholic acid; therefore, FXR performs anticancer
functions. In CRC, the expression of FXR is negatively associated with the degree of
tumor malignancy and with poor clinical outcomes[54,55]. The APC gene is typically
mutationally inactivated in the pathogenesis of CRC[56]. Loss of function of APC
silences FXR expression through CpG methylation in mouse colonic mucosa and
human colon cells, decreasing the expression of downstream bile acid-binding
proteins and heterodimers and increasing the expression of related genes (COX-2 and
c-MYC) in inflammation and CRC[57]. Recent studies demonstrated that vitamin D
(VD) deficiency is associated with the occurrence of CRC. VD, an anti-inflammatory
agent, regulates adipocytes and their functions via the VD receptor (VDR), resulting in
decreased expression of proinflammatory cytokines[58-61]. Using blood and visceral
adipose tissues collected from CRC patients and healthy controls, Castellano-Castillo
et al[62] explored the relationship among the levels of serum 25-hydroxyvitamin D
[25(OH)D], expression of the VDR gene in adipose tissue, levels of proinflammatory
markers, expression of the epigenetic factor DNMT3A, and methylation of the VDR
promoter. These results suggest that adipose tissue may be a critical factor in the
occurrence of CRC and that low expression levels of 25(OH)D and high expression
levels of VDR may partially mediate this relationship by modulating DNA
methylation and promoting inflammation[62]. In addition, inflammatory mediators
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such as ROS and reactive nitrogen species may lead to genomic instability, which
contributes to carcinogenesis via the mutation of protooncogenes and tumor
suppressor genes[63]. Vitamin C (VC) and vitamin E (VE) are antioxidants that can
scavenge free radicals[64,65]. One study suggests that VE antagonizes high glucoseinduced oxidative stress, exhibiting beneficial effects on gene promoter methylation
and gene expression in the CRC cell line Caco-2[66]. In addition, the results of an in
vitro experiment indicated that VC could enhance antitumor drug-induced DNA
hydroxymethylation and reactivate epigenetically silenced expression of the tumor
suppressor CDKN1A in CRC cells [67] . Therefore, supplementation with related
vitamins may be an alternative approach to treat CRC. Moreover, black raspberry
(BRB) anthocyanins, which can modulate changes in inflammation and SFRP2 gene
methylation, have been reported as agents for CRC prevention[68]. In summary, DNA
methylation facilitates the transformation of inflammation into CRC in both the local
environment of intestinal inflammation and systemic inflammation.

HISTONE MODIFICATION
Chromatin is a macromolecular complex composed of DNA, RNA, and proteins.
Histones, which regulate DNA strand compaction and gene expression, are the main
protein component of chromatin[23]. The core histones are composed of four major
families-H2A, H2B, H3, and H4[69]. The nucleosome is a chromatin unit consisting of
150 to 200 base pairs of DNA wrapped closely around a cylindrical histone core.
Posttranslational covalent modification of the histone tail constitutes an epigenetic
mechanism that regulates chromatin structure and gene expression in human cancers.
Histone tail modifications include phosphorylation, methylation, acetylation,
ubiquitination, glycosylation, deamination, and ribosylation [70,71] . Various modifications alter the three-dimensional structure of nucleosomes and affect the
transcriptional control of related genes by inducing either an “inactive” tight
heterochromatin or an “active” open euchromatin conformation. Insight into histone
modification is not as deep as that into DNA methylation; the only well-studied
histone modifications are the acetylation/deacetylation and methylation/
demethylation of lysine and arginine residues in the histone tail[72,73]. These bivalent
histone modifications are mediated by polycomb group proteins (transcriptional
repressors), which contribute to silencing a specific set of anti-oncogenes in human
cancers. Polycomb repressive complexes (PRCs) include PRC1 and PRC2, which
silence genes alone or in cooperation[74,75].
Histone modification abnormalities arise during the transformation of
inflammation into CRC. Profiles for active enhancers using H3K27ac histone modification identified several cancer markers, such as the LYZ, S100P, and NPSR1
proteins, which were elevated in CAC[76]. In a mouse model, deletion of the Giα2
protein led to spontaneous colitis and right multifocal CRC, which is similar to human
CRC with defective mismatch repair. Moreover, MLH1 and PMS2 expression are
reduced in the colonic epithelium of Giα2-/- mice after the onset of hypoxic colitis.
Notably, MLH1 is epigenetically silenced by reduced histone acetylation. These data
connect chronic hypoxic inflammation, histone modulation, and CRC development[77].
The Wnt/β-catenin signaling pathway exerts either pro- or anti-inflammatory
functions by activating or inhibiting NF-κB signals, respectively, playing an important
role in the occurrence and development of CRC[78]. DACT3, the negative regulator of
Wnt/beta-catenin signaling, is transcriptionally suppressed in CRC in a manner
related to bivalent histone modification. However, DACT3 expression can be restored
after combined administration of drugs targeting histone methylation and
deacetylation, resulting in strong inhibition of Wnt/beta-catenin signal transduction
and massive CRC cell apoptosis. Therefore, DACT3 may be an important factor in the
treatment of CRC through epigenetic mechanisms[79]. EZH2, a catalytic subunit of
PRC2, is essential for maintaining the integrity and homeostasis of the epithelial cell
barrier in inflammatory states. EZH2 expression is downregulated in IBD patients,
and EZH2 inactivation in the intestinal epithelium increases the sensitivity of mice to
dextran sodium sulfate (DSS)- and 2,4,6-trinitrobenzenesulfonic acid-induced
experimental colitis. One study indicated that EZH2 deficiency could stimulate the
expression of TRAF2/5 and enhance the NF-κB signaling induced by TNF-α, which
led to an uncontrolled inflammatory reaction and ultimately contributed to tumorigenesis[80]. Researchers identified a new epigenetic mechanism underlying the
preventive effects of aspirin in CAC. Aspirin reduced the activity of histone
deacetylases and fully restored H3K27ac. Moreover, aspirin depressed azoxymethane/DSS-induced H3K27ac accumulation in the promoters of the inducible nitric
oxide synthase, TNF-α, and IL-6 genes and suppressed the production of proin-

WJG

https://www.wjgnet.com

2867

June 21, 2019

Volume 25

Issue 23

Yang ZH et al. Epigenetics and colorectal cancer

flammatory cytokines, playing a role in the prevention of cancer [81] (Figure 2).
Although few studies have investigated the role of histone modification in the
transformation of inflammation into CRC, notably, histone modification may interact
with DNA methylation to induce epigenetic silencing and promote tumorigenesis.

MICRORNAS
Most of the human genome is transcribed into RNAs, which are classified as RNAs
with coding potential or RNAs without. The latter RNAs are also called ncRNAs.
NcRNAs were historically considered “transcriptional waste”, but accumulating
evidence indicates that ncRNAs strongly impact many molecular mechanisms[82].
MicroRNAs are single-stranded ncRNAs with a length of 20 nucleotides that function
primarily to negatively regulate gene expression by binding to target RNAs and
inducing the degradation or inhibiting the translation of those RNAs[83].
The NF-κB and STAT3 signaling pathways play an important role in the transformation of inflammation into cancer [13] , and numerous microRNAs promote
transformation by participating in these signaling pathways. Slattery et al[84] analyzed
the expression profiles of genes and associated microRNAs in the NF-κB signaling
pathway between CRC and normal mucosa, providing new insight into therapeutic
targets for CRC. TNF-α has been shown to increase the expression of miR-105, which
targets RAP2C, activate NF-κB signal transduction by IKK, and ultimately contribute
to CRC progression [85] . Another study demonstrated that TNF-α leads to high
expression of miR-19a, which can also activate NF-κB signaling to facilitate the
occurrence of colitis and CAC[86]. STAT3 not only is a downstream target of IL-6 but
also interacts with miR-21, miR-181b-1, PTEN, and CYLD, which implicates the
epigenetic switch that links inflammation to cancer[87]. In addition, by activating miR21, NR2F2 inhibits Smad7 expression and promotes TGF-β-dependent epithelialmesenchymal transition (EMT) in CRC[88]. In primary CRC samples and cell lines,
increased STAT3 expression levels are accompanied by elevated miR-572 and
decreased MOAP-1 levels, and miR-572 has been found to reduce the expression of
the proapoptotic protein MOAP-1 and to contribute to CRC progression[89]. Öner et
al[90] demonstrated that combined inactivation of TP53 and miR-34a promotes CRC
metastasis by elevating the levels of IL-6R and PAI1, implying that modifying these
processes might be alternative approaches to treat CRC. Immune cells play a dual role
in the occurrence and development of CRC, and natural killer (NK) cells promote
tumor cell apoptosis by secreting high levels of cytokines, such as IFN-γ and TNF-α[91].
The level of miR-24 was reported to be increased in NK cells from CRC patients, a
characteristic that decreased the levels of cytokines, including IFN-γ and TNF-α, by
suppressing Paxillin expression and inhibiting the cytotoxic effect of NK cells on CRC
cells[92].
MicroRNAs not only promote the transformation of inflammation into CRC but
also lead to chemotherapeutic resistance. For example, in CRC patients treated with
oxaliplatin, miR-34a expression decreased significantly but Smad4 and TGF-β
expression increased. In addition, the expression levels of Smad4 and miR-34a were
negatively correlated in CRC patients. Further investigation demonstrated that miR34a targeted Smad4 through the TGF-β/Smad4 pathway and ultimately inhibited
cellular autophagy[93]. Ren et al found overexpression of miR-196b-5p in recurrent CRC
tissues, which was associated with a poor prognosis. Further investigation showed
that miR-196b-5p activated STAT3 signaling and promoted the chemical resistance of
CRC cells to 5-fluorouracil (5-FU) by targeting the negative regulators SOCS1 and
SOCS3 in the STAT3 signaling pathway[94]. Clarification of the role of microRNAs in
CRC resistance mechanisms can improve the efficacy of chemotherapy by targeting
the corresponding microRNAs. Indeed, microRNAs overexpressed during the
transformation of inflammation into CRC are often associated with disease
progression. In addition, certain microRNAs are silenced or downregulated during
the occurrence and development of CRC; these microRNAs generally inhibit the
transformation of inflammation into cancer. For instance, miR-148a, miR-6869-5p, and
miR-139-5p inhibit transformation by suppressing the NF-κB signaling pathway[95-97];
miR-1299, miR-149, and miR-214 inhibit tumor formation by suppressing the STAT3
signaling pathway[98-100]; and miR-329 inhibits CRC occurrence by targeting TGF-β1[101].
MiR15A and miR16-1, which might act as tumor suppressors, were found to be
downregulated in CRC[102]. Animal experiments showed that deficiency of miR15A
and miR16-1 led to an accumulation of immunosuppressive IgA+ B cells in intestinal
cancer tissues, thereby inhibiting the proliferation and functions of CD8+ T cells with
antitumor immunity and ultimately promoting tumor progression[103].
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Figure 2

Figure 2 Histone methylation and acetylation modifications increase oncogene expression to promote cancer occurrence. CRC: Colorectal cancer.

Exosomal microRNAs
Exosomes are small vesicles released by cells into the extracellular environment.
These vesicles transmit information to adjacent or distant cells by transferring RNAs
and proteins, thus affecting signaling pathways in various physiological and pathological conditions[104,105]. Recently, microRNAs enriched in exosomes have been found
to interact with immune cells and proinflammatory cytokines and to participate in the
progression and metastasis of CRC. For example, exosome-mediated miR-200b was
indicated to promote the proliferation of CRC cells upon TGF-β1 exposure[106]. In
addition, it was reported that the level of miR-10b was significantly higher in
exosomes derived from CRC cells than in those derived from normal colorectal
epithelial cells and that CRC-derived exosomes could promote CRC progression[107].
Tumor-associated macrophages (TAMs), a biomarker of solid tumors, are usually
associated with a poor prognosis. A recent study has shown that CRC cells carrying
mutant p53 genes selectively shed miR-1246-enriched exosomes. These exosomes can
be captured by neighboring TAMs, which then secrete numerous proinflammatory
cytokines, such as IL-10, TGF-β, and MMPs, to promote the immune suppression,
invasion, and metastasis of CRC cells[108] (Figure 3, Table 1).

LNCRNAS
LncRNAs refer to noncoding transcripts of more than 200 nucleotides[109]. LncRNAs
are important participants in cancer biology and generally cause the abnormal
expression of gene products, leading to the progression of various human
tumors[110,111]. In addition, lncRNAs are involved in the transformation of chronic
inflammation into CRC. For example, a study indicated that the interaction between
lncRNA PRINS and miR-491-5p regulated the proapoptotic factor PMAIP1 and
enhanced the antiapoptotic effect of TFF3 against the proapoptotic effects of IFN-γ
and TNF-α in CRC cells[112]. LncRNA FEZF1-AS1 expression was higher in CRC tissue
than in normal tissue and was associated with a poor prognosis in CRC. FEZF1-AS1
can bind to and increase the stability of the pyruvate kinase 2 (PKM2) protein, which
can increase PKM2 levels in the cytoplasm and nucleus and promote pyruvate kinase
activity and lactic acid production. Upregulation of nuclear PKM2 induced by FEZF1AS1 was found to further activate STAT3 signal transduction and accelerate the
transformation of inflammation to cancer[113]. In addition, researchers found that
lncRNA AB073614 induced EMT in CRC cells by regulating the JAK/STAT3
pathway[114]. Recent studies have shown that lncRNAs not only participate in the
transformation of inflammation to tumors but also induce the resistance of CRC to
chemotherapy by regulating inflammatory signaling pathways. Abnormal expression
of HOTAIR is positively correlated with progression, survival, and poor prognosis in
different types of cancers, such as breast cancer, gastric cancer, and CRC[115-117]. Li et
al[118] revealed that HOTAIR silenced the expression of the miR-218 gene by recruiting
EZH2 for binding to the miR-218 promoter. Silencing of miR-218 resulted in
chemotherapeutic resistance of CRC to 5-FU by promoting VOPP1 expression and
eventually activating the NF-kB/TS signaling pathway. HOTAIR can thus be used as
a novel prognostic indicator and therapeutic target for CRC. Inhibiting HOTAIR may
be a future approach to improve the sensitivity of 5-FU chemotherapy (Figure 4, Table
2).
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Table 1 MicroRNAs regulate inflammation and occurrence of colorectal cancer
MicroRNAs

Target genes

Functions in CRC

MiR-105, miR-19a,

NF-κB

Promoted CRC progression

MiR-21, miR-181b-1, miR-572

STAT3

Promoted CRC progression

MiR-21, miR-200b, miR-1246

TGF-β

Promoted proliferation
Promoted CRC progression

MiR-34a

IL-6R/PAI1

MiR-24

IFN-γ/TNF-α

Inhibited the cytotoxic effect of NK cells

MiR-34a

TGF-β/Smad4

Inhibited autophagy

MiR-196b-5p

STAT3

Promoted chemical resistance

MiR-148a, miR-6869-5p, miR-139-5p

NF-κB

Inhibited CRC occurrence

MiR-1299, miR-149, miR-214

STAT3

Inhibited tumor formation

MiR-329

TGF-β1

Inhibited CRC occurrence

CRC: Colorectal cancer; NK: Natural killer.

ANTI-INFLAMMATORY AGENTS AND CRC
Due to the inflammatory basis of CRC, anti-inflammatory agents may be candidates
for treating or preventing the disease. NSAIDs are non-selective inhibitors of COX2[119]. COX-2 is highly expressed in many tumor types, including CRC[120]. NSAIDs play
a striking role in the prevention of CRC. A preliminary study on patients with familial
adenomatous polyposis indicated that after 1 year of treatment with the NSAID
sulindac, patients tended to exhibit a decrease in polyps [121] . A large-scale observational study in 1991 reported that the use of NSAIDs reduced the risk of fatal
CRC[122]. Retrospective studies have demonstrated that NSAID treatment is associated
with a decreased risk of recurrence of colorectal polyps and tumors. It has been
reported that patients who use low-dose aspirin for more than 5 years show a
decrease in overall risk of CRC by 40%-50%, and NSAIDs have a positive effect on
advanced CRC[123,124]. NSAID therapy can also inhibit the tumor-promoting pathway
by inhibiting Wnt signaling[125]. However, a meta-analysis of NSAID treatment to
prevent the transformation of IBD into CRC shows that there is a lack of high-quality
evidence that anti-inflammatory drugs can be used to prevent CRC in patients with
IBD[126]. Most scholars believe that the anti-tumor mechanism of NSAIDs is reflected in
two aspects. On the one hand, the cytokines released during inflammation play an
important role in reprogramming adult stem cells into malignant cells, and NSAIDs
can prevent this process[127]. On the other hand, the mechanism is related to activation
of the Wnt pathway by prostaglandins[128]. However, the side effects of NSAIDs must
be taken into consideration. NSAID treatment can increase the risk of gastrointestinal
bleeding, even at low doses[129]. Caution should be exercised to prevent bleeding when
using anti-inflammatory drugs in patients with fragile blood vessels[130]. In addition to
NSAIDs, monoclonal antibodies to cytokines such as IL-6 and TNF inhibitors have
been investigated in a large number of anti-tumor studies, but most of them are still in
the experimental stage[131,132]. The treatment hazard of using anti-cytokines to treat
tumors is the increase in the risk of infection[133,134].

CONCLUSION
In conclusion, chronic inflammation can promote the occurrence and progression of
CRC, a finding that is attracting increased attention to the role of proinflammatory
cytokines and immune cells in cancer. By regulating the expression of various inflammatory signaling pathways and proinflammatory cytokines, epigenetic
inheritance not only participates in the transformation of inflammation into CRC but
also facilitates CRC invasion, metastasis, and drug resistance. However, epigenetic
inheritance accelerates the transformation of chronic inflammation into tumors
through various modifications influenced by the inflammatory environment. An indepth understanding of this process will allow us to clarify the pathogenesis of CRC,
and some epigenetic modifications can be used as markers for CRC diagnosis. Unlike
gene mutations, which are irreversible, epigenetic inheritance is reversible or can be
altered by interventions. For example, DNA demethylation promotes tumor suppressor gene expression to re-establish tumor prevention and reduce expression of
pro-inflammatory cytokines by regulation of histone modifications or ncRNAs,
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Figure 3

Figure 3 MicroRNAs regulate colorectal cancer progression by regulating inflammatory cytokines. CRC:
Colorectal cancer; TNF-α: Tumor necrosis factor α; TGF-β: Transforming growth factor β.

ultimately reducing inflammation infiltration of tumor microenvironment. In the
future, this new anti-tumor drug may be used in combination with immunotherapy,
chemotherapy, and targeted cancer therapy for the treatment of CRC. Exploring the
role of epigenetics in the transformation of inflammation into CRC may help stimulate
futures studies on the role of molecular therapy in CRC.
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Table 2 LncRNAs regulate the inflammation-cancer transformation
LncRNA

Target genes

Functions in CRC

PRINS

miR-491-5p/PMAIP1/TFF3

Inhibited apoptosis

FEZF1-AS1

PKM2/STAT3

Accelerated CRC occurrence

AB073614

JAK/STAT3

Induced EMT

HOTAIR

MiR-218/EZH2/NF-kB

Chemotherapeutic resistance

CRC: Colorectal cancer; EMT: Epithelial-mesenchymal transition.

Figure 4

Figure 4 LncRNAs regulate the occurrence and chemotherapeutic resistance of colorectal cancer by mediating microRNAs/inflammatory signaling
pathways. CRC: Colorectal cancer; EMT: Epithelial-mesenchymal transition; JAK: Janus kinase.
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Abstract
Hereditary diffuse gastric cancer (HDGC) syndrome is an inherited cancer risk
syndrome associated with pathogenic germline CDH1 variants. Given the high
risk for developing diffuse gastric cancer, CDH1 carriers are recommended to
undergo prophylactic total gastrectomy for cancer risk reduction. Current
guidelines recommend upper endoscopy in CDH1 carriers prior to surgery and
then annually for individuals deferring prophylactic total gastrectomy.
Management of individuals from HDGC families without CDH1 pathogenic
variants remains less clear, and management of families with CDH1 pathogenic
variants in the absence of a family history of gastric cancer is particularly
problematic at present. Despite adherence to surveillance protocols, endoscopic
detection of cancer foci in HDGC is suboptimal and imperfect for facilitating
decision-making. Alternative endoscopic modalities, such as chromoendoscopy,
endoscopic ultrasound, and other non-white light methods have been utilized,
but are of limited utility to further improve cancer detection and risk
stratification in HDGC. Herein, we review what is known and what remains
unclear about endoscopic surveillance for HDGC, among individuals with and
without germline CDH1 pathogenic variants. Ultimately, the use of endoscopy in
the management of HDGC remains a challenging arena, but one in which further
research to improve surveillance is crucial.
Key words:CDH1 gene; Hereditary diffuse gastric cancer; Gastric cancer; Endoscopic
screening; Endoscopy
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Individuals with hereditary diffuse gastric cancer (HDGC) syndrome are at
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increased risk of diffuse gastric cancer, and are often recommended to undergo
prophylactic total gastrectomy, especially in the presence of a pathogenic germline
CDH1 variant. Endoscopy is important in the initial management and surveillance of
individuals with HDGC syndrome, yet sensitivity of endoscopy for detection of cancer
foci in this population is poor. Alternative endoscopic modalities have not been found to
be helpful. Ultimately, there is much to be learned about how to best use endoscopy in
management of HDGC.
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INTRODUCTION
Gastric cancer remains the fifth most common cancer worldwide. While the majority
of cases are sporadic, 1-3% of gastric cancers are related to hereditary cancer syndromes, including hereditary diffuse gastric cancer syndrome (HDGC). Pa-thogenic
germline CDH1 variants have been associated with HDGC, although some families
fulfilling HDGC clinical criteria do not have detectable germline variants[1]. CDH1
encodes for the tumor suppressor E-cadherin, which serves as a critical cell adhesion
molecule [2] . The connection of CDH1 mutations to HDGC syndrome was first
described in New Zealand, when Jones et al[1,3-5] suspected genetic predisposition as
the cause of a high rate of gastric cancer in three Maori families. Since 1998, more than
120 different pathogenic variants of CDH1 have been described, and carrying a
germline CDH1 pathogenic variant has been shown to portend a high risk of diffuse
gastric cancer, characterized by signet ring cell carcinoma (SRCC) on histopathology,
as well as lobular breast cancer in women[6-8].
Genetic testing for CDH1 variants is recommended for those who meet clinical
criteria for HDGC[1]. Criteria (considering first- and second-degree relatives) include
having two or more family members with gastric cancer (including one confirmed
diffuse gastric cancer), having one case of diffuse gastric cancer prior to age 40, or
having both diffuse gastric cancer and lobular breast cancer in a family (with one
diagnosed before age 50). Genetic testing can also be considered in those with cleft lip
or palate and diffuse gastric cancer, in the presence of bilateral lobular breast cancer,
or in families with two or more cases of lobular breast cancer before age 50. Testing
for CDH1 should include both sequencing and deletion/duplication analysis, and is
now commonly performed by numerous commercial laboratories[9]. Germline CDH1
pathogenic variants are found in approximately 25%-50% of families meeting HDGC
criteria, though rates vary by ethnic background and country[9-12]. Those who meet
testing criteria but do not have an identified CDH1 pathogenic variant pose their own
challenges in management and risk stra-tification. Recent studies have suggested
CTNNA1 and MAP3K6 as other potential causative genes responsible for HDGC,
however further work to confirm these associations is required[10,13]. Additionally,
other cancer susceptibility genes associated with a spectrum of cancers outside of
gastric cancer, such as BRCA2, STK11, and PALB2 have also been identified in families
meeting HDGC criteria, suggesting some clinically-defined HDGC families may have
a genetic basis related to another hereditary syndrome[9].
The lifetime risk of diffuse gastric cancer in individuals with a germline CDH1
pathogenic variant is reported to be up to 80%[1,14,15]. However, this high cumulative
lifetime risk of diffuse gastric cancer may be an over-estimate, as the advent of multigene panel testing has identified a notable number of CDH1 pathogenic variants in
families without a history of diffuse gastric cancer[9,14-16], suggesting reduced penetrance in some families. Currently, individuals with a germline CDH1 pathogenic
variant are recommended to undergo prophylactic total gastrectomy, typically
between the ages of 20-30[17,18]. However, given the major implications for quality of
life and nutritional status after gastrectomy, especially in younger patients, some
patients opt to delay or defer prophylactic total gastrectomy[19-22].
The role of endoscopy in the management of patients with HDGC has been studied
extensively and plays an important role for diagnosis, surveillance, and risk
stratification. Herein, we highlight the role of endoscopy in individuals with HDGC,
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and review the recent research and advances in the field.

Guidelines for the use of endoscopy in HDGC with a known pathogenic CDH1
variant
For patients with a pathogenic germline CDH1 variant who undergo prophylactic
total gastrectomy, baseline upper endoscopy is recommended prior to surgery to
evaluate for gross tumor or other concomitant pathology that may alter the surgical
approach[1]. For those electing to defer risk reducing gastrectomy, annual surveillance
endoscopy following the Cambridge protocol is advised. If microscopic or macroscopic disease is detected on surveillance, prompt gastrectomy referral is required[1,17].
White light exam is recommended for surveillance, since other endo-scopic modalities
have not proven efficacious, as discussed below.

Surveillance endoscopy via the Cambridge protocol
The Cambridge protocol was developed to help guide endoscopic surveillance in
HDGC[1]. Surveillance via the Cambridge protocol ideally should be performed in a
high-volume center with a multi-disciplinary team having expertise in HDGC. Given
the large number of biopsies performed, it is recommended to stop anticoagulation if
possible prior to the procedure. Endoscopy should include a careful high definition
white light (HDWL) exam in a session of at least 30 min. The endoscopic exam should
include repeated insufflation and deflation to maximize visualization of the entire
gastric mucosa and check for distensibility (the lack of which should raise concern for
an infiltrative process such as linitis plastica). Additionally, the exam should utilize
extensive washing with the assistance of mucolytic and anti-foaming agents, to permit
careful examination and documentation of the entire gastric mucosa. If there is
concern for poor distensibility, further evaluation should include computed
tomography scan and endoscopic ultrasonography (EUS).
Prior to obtaining random gastric biopsies, all visible lesions, pale areas (considered
more likely to have abnormal signet ring cells), and other gastric abnormalities should
be separately biopsied and sent for pathologic evaluation[5,23]. After sampling of all
visible lesions, five random biopsies should then be taken from each of 6 anatomic
regions: prepyloric, antrum, transitional zone, body, fundus, and cardia, with these
groups of biopsies each being sent separately for pathologic analysis (see Figure 1).
Despite no known association between Helicobacter pylori (H. pylori) and HDGC,
baseline H. pylori testing on the gastric biopsy specimens is recommended given that
H. pylori is considered a class I carcinogen by the World Health Organization.
Subsequent treatment and confirmation of eradication of individuals who are H. pylori
positive is advised[1,24].

EFFICACY OF ENDOSCOPY IN CDH1 FAMILIES
Endoscopic detection of SRCC foci in CDH1 carriers is poor, and evaluation of
surgical pathology demonstrates cancer foci in 45%-60% of those with negative
endoscopic evaluations[5,11,21,25]. The reason for this poor performance is due to the
occult and difficult to predict nature of HDGC. HDGC is rarely restricted to one
location in the stomach[6,26]. Independent studies have found vastly different results
when evaluating the regions of the stomach where the HDGC-related SRCC foci are
located[27-29]. This heterogeneity in location, as well as the inability to reliably visualize
the SRCC foci on visual mucosal examination, both play a large role in the inability to
reliably detect SRCC foci endoscopically. A model developed by Fujita et al[28] evaluated yield of cancer foci in a topographic pattern on 10 gastrectomy specimens from
individuals with pathogenic germline CDH1 variants. This model estimated that for a
90% detection of cancer foci, the theoretical number of biopsies necessary to capture at
least a single cancer focus was estimated to be 1768 per patient, which is clearly not
clinically feasible. However, the yield of endoscopically detecting SRCC foci preoperatively is both correlated with the number of biopsies taken and the number of
SRCC lesions in the gastrectomy specimen[30]. As described by de Almeida et al[6], there
are also practical issues beyond the number of biopsies required, including scarring
from repeated biopsies, which may mimic pale areas concerning for malignancy and
may cause confusion and repeated re-biopsy of the same areas of mucosa.
Unfortunately, the specific CDH1 variant itself does not aid in determining the
potential location of SRCC or the probability of finding SRCC, especially given the
vast number of CDH1 pathogenic variants that have been described[9,31,32]. There is also
limited data of the benefit of continued surveillance in CDH1 carriers. Most cancer
foci are detected on the index endoscopy, which is likely due to detecting prevalent
rather than incident cases[11]. This is likely due to the fact that multiple foci of SRCC
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Figure 1

Figure 1 Illustrative representation of the Cambridge protocol for hereditary diffuse gastric cancer syndrome
surveillance, full details in text and on image. Figure modified with text, markings (stars), and annotation after
adaptation of “Stomach” from Servier Medical Art by Servier, licensed under a Creative Commons Attribution 3.0
Unported License. Original photo adapted from https://smart.servier.com/smart_image/stomach-3/.

develop before age 30 and have a long indolent course[33]. It is further unknown how
long these foci remain indolent, and what environmental or genetic predispositions
can lead to more extensive disease.
In addition to the imperfect sensitivity of endoscopic surveillance, there are
possible complications from endoscopy, as well as potential psychological hurdles in
those individuals undergoing serial endoscopic evaluation, including concerns of
lifelong endoscopy and the chances of false negatives[9,11,19,34]. The concern of false
reassurance in those with a negative endoscopy is not to be underestimated, either.

Chromoendoscopy
In an attempt to improve the efficiency of SRCC detection in CDH1 carriers, several
advanced endoscopic techniques have been studied, including the use of chromoendoscopy. Based on a Japanese study, Shaw et al[5] published a series in 2005
describing annual chromoendoscopic surveillance in 33 patients with a pathogenic
CDH1 variant over a 5-year period. The patients initially drank a mucolytic (Nacetylcysteine) then changed position every 5 min for 30 min to ensure complete
gastric coverage. The endoscopist then performed a HDWL endoscopic exam, and the
patient received intravenous pentagastrin for gastric acid secretion, followed by
spraying of methylene blue onto the mucosa. After absorption and suction, Congo red
dye was sprayed and the mucosa was irrigated. Only pale areas were biopsied, and
no random biopsies were performed. Of 56 total pale areas, 23 lesions (41%) showed
SRCC (in 10 patients). When comparing these results to total gastrectomy pathology,
it was shown that there was a positive correlation for foci 4-10 mm in size, but not for
foci < 4 mm.
While initially promising, due to concerns about dye toxicity, chromoendoscopic
exam is currently not recommended as standard of care for HDGC[1,6]. Additionally,
there were further concerns regarding the learning curve in chromoendoscopy as well
as pale area detection and interpretation, as the number of pale areas detected by
endoscopists increased annually, despite no change in relative number of annual
surveillance procedures[5,11].

Electronic enhanced imaging
Electronic enhanced imaging takes advantage of pre- and/or post-processing light
wavelengths and filtering to amplify surface, subsurface and vascular prominence
and contours. Beyond careful white-light examination with targeted and random
biopsies, electronic enhanced imaging techniques have not proven to be particularly
valuable for diagnosis, screening or surveillance of patients with pathologic CDH1
gene mutations[5,25,35]. Lim et al[25] report that auto-fluorescence imaging (AFI) and
narrow band imaging (NBI) were of limited utility, failing to reliably identify abnormal appearing mucosa for targeted tissue sampling. While AFI did not prove to
aid in the detection of early foci of signet ring cell neoplasia, NBI was a useful
imaging adjunct to delineate pale areas and, in conjunction with zoom magnification,
allowed careful assessment of vascular and mucosal patterns, with a high negative
predictive value in their study. Emerging electronic enhanced imaging techniques
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with depth to the lamina propria layer will be tested in this condition owing to the
unpredictable and patchy distribution of SRCC characteristic of early stage disease.

Endoscopic ultrasonography (EUS)
There is currently no recommendation for routine use of EUS in the management of
HDGC. However, EUS can be considered for further investigation of abnormalities
seen on standard HDWL endoscopic examination, such as poor distensibility of the
stomach[1]. To evaluate the utility of EUS in patients with HDGC due to a CDH1
pathogenic variant, a retrospective analysis of 13 patients who underwent radial
scanning endosonography in addition to guideline-recommended upper endoscopy
before gastrectomy found no benefit in performing endoscopic ultrasound to improve
detection of cancer foci[34]. In that study, the sensitivity for identifying SRCC foci by
HDWL endoscopy was 45%, similar to other descriptive series.

Confocal endoscopic microscopy
There is an ongoing NIH clinical trial evaluating the use of confocal endoscopic
microscopy, which provides histologic imaging of gastric mucosa during upper
endoscopy, and could improve endoscopic surveillance sensitivity (ClinicalTrials.gov
Identifier: NCT03648879)[36]. However, this technique remains experimental at this
time, and should only be pursued in HDGC through a clinical trial.

Colorectal cancer screening
Although the majority of research on HDGC has focused on the role of upper
endoscopic examination, there is limited evidence that there may be an association of
colorectal SRCC in patients with germline CDH1 pathogenic variants[1]. More recent
work has also speculated that the CDH1 variant location may be an important
predictor of colorectal cancer risk [37] . Although based on limited data, enhanced
colorectal cancer screening by colonoscopy is recommended for CDH1 carriers with a
family history of colon cancer, especially when there is a presence of signet ring cells
and/or mucinous features of the cancer[1,17]. In these individuals, screening should
start at age 40 or 10 years prior to the youngest diagnosis in the family, and repeated
every 3-5 years. In all other CDH1 carriers, standard colorectal cancer screening
guidelines should be followed based on the individual’s personal and/or family
history.

ROLE OF ENDOSCOPY IN PATIENTS WITH A PATHOGENIC
CDH1 VARIANT AND NO FAMILY HISTORY OF GASTRIC
CANCER
Individuals with a pathogenic variant of CDH1, but without family history of gastric
cancer, pose a unique challenge. There is limited evidence on endoscopic surveillance
of these patients, and one small series found that despite no family history of gastric
cancer and negative endoscopic evaluation, 50% of patients had SRCC on surgical
pathology[38]. It remains to be determined if these patients truly have decreased gastric
cancer risk and reduced prevalence compared to CDH1 carriers with a strong family
history of gastric cancer[9,14-16]. Another possibility is that in small or poorly reportedon families, family history may be inaccurate, as even in the best circumstances,
family history collection can be poor[39-41]. As such, these patients may have a true
family history of gastric cancer that simply goes unrecognized.
A similar dilemma arises in CDH1 carriers with lobular breast cancer and without a
family history of diffuse gastric cancer. Recent studies regarding the management of
lobular breast cancer, to which a pathogenic variant of CDH1 increased risk, in the
absence of gastric cancer family history have been small, though informative[42-46].
These studies demonstrate that though rare, even in the absence of familial gastric
cancer, lobular breast cancer may develop, and may even represent a separate cancer
syndrome[44,45,47]. This has clinical consequences for the screening of breast cancer in
those with a pathogenic variant of CDH1, though the need for gastrectomy in these
individuals is similarly cloudy[42,43,47]. There have not been large reports of endoscopic
utility in these patients.
An advantage of endoscopic surveillance in these groups would be the finding of
SRCC on endoscopic biopsy, as this would justify the need for gastrectomy in the
physician and patient alike. However, we would expect the sensitivity of endoscopy
to be lacking, as it is in those with pathogenic variants of CDH1 and HDGC, and
therefore a negative endoscopic examination should not be overly reassuring
regarding gastric cancer risk. This is an area with much uncertainty that requires further research, especially in light of the growing preponderance of multi-gene panel
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testing with its resulting identification of incidental CDH1 variants in families without
a history of CDH1-associated cancers.

ROLE OF ENDOSCOPY IN HDGC FAMILIES WITHOUT A
PATHOGENIC CDH1 VARIANT
Individuals from families meeting HDGC criteria who lack a germline CDH1
pathogenic variant present a significant challenge as prophylactic total gastrectomy is
typically not recommended for these individuals. In these cases, endoscopic
surveillance is recommended on a regular basis in a high-volume specialty center, as
the identification of SRCC foci on HDWL endoscopy in these individuals can be
helpful for guiding future surgical management[1].
However, the yield of endoscopy for identifying malignant lesions is lower in those
from families meeting HDGC criteria without a detectable CDH1 pathogenic variant.
This was demonstrated in a United Kingdom-based prospective cohort study of
endoscopic surveillance in families with and without CDH1 pathogenic variants;
patients with CDH1 pathogenic variants had significantly higher rates of SRCC on
endoscopy than their CDH1 negative counterparts[11]. In this study, 85 individuals
underwent endoscopic surveillance, including 54 patients (63.5%) with a CDH1
pathogenic variant opting to delay gastrectomy and 31 patients undergoing
surveillance who were CDH1 negative. Endoscopic surveillance included 30 random
biopsies as well as targeted biopsy of mucosal abnormalities. Of those with CDH1
pathogenic variants, 33 (61.1%) had foci of SRCC detected during surveillance, the
majority of which occurred at the index endoscopy. Those without a CDH1
pathogenic variant had a much lower detection rate of SRCC, 3 of 31 (9.7%) patients.
This difference was statistically significant (P < 0.0005), and no other factors,
including age, sex, proton pump inhibitor use, or H. pylori infection were associated
with the differential detection of cancer foci.
It has been considered that there may be a different pathogenesis for diffuse gastric
cancer in CDH1-negative HDGC individuals, i.e., that SRCC may not be the preceding
lesion; however, this remains unclear and further investigation is required[11]. Given
the number of unanswered questions, including pathogenesis, yield of endoscopy,
and rate and frequency of progression to cancer, the management of individuals from
CDH1-negative HDGC families remains challenging. Mi et al[11] suggested that risk
stratification using allelic expression imbalance (as a marker for progression to
neoplasia) may be helpful to better determine the risk for these individuals. Ideally in
the future, enhanced understanding of the genetic basis for HDGC families currently
without detectable CDH1 pathogenic variants (such as via improved CDH1 variant
detection or identification of additional gastric cancer risk genes) may enable better
risk stratification in this population.
Currently, endoscopic surveillance at a referral center is suggested for individuals
from families meeting HDGC criteria and who lack a CDH1 pathogenic variant. It is
clear in this high-risk group that endoscopic detection of a gastric malignancy,
including foci of SRCC, should prompt a referral for consideration of total
gastrectomy, yet counseling these patients on negative endoscopies presents its own
challenge. Additionally, the optimal frequency of surveillance in this population also
remains to be determined[18].

CONCLUSION
Management of patients with HDGC, both with and without pathogenic variants in
CDH1, remains challenging given our lack of understanding about the critical drivers
of penetrance, differential anatomical location of SRCC, and the imperfect sensitivity
of endoscopy to detect early foci of SRCC. However, given the uncertainties in the
field, the use of endoscopy in these individuals is an area that is ripe for future
research, as improvement in endoscopic surveillance in HDGC would undoubtedly
improve risk stratification, surgical management, and overall patient well-being in
families with HDGC.
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Through the implementation of national bowel cancer screening programmes we
have seen a three-fold increase in early pT1 colorectal cancers, but how these
lesions should be managed is currently unclear. Local excision can be an
attractive option, especially for fragile patients with multiple comorbidities, but it
is only safe from an oncological point of view in the absence of lymph node
metastasis. Patient risk stratification through careful analysis of histopathological
features in local excision or polypectomy specimens should be performed
according to national guidelines to avoid under- or over-treatment. Currently
national guidelines vary in their recommendations as to which factors should be
routinely reported and there is no established multivariate risk stratification
model to determine which patients should be offered major resectional surgery.
Conventional histopathological parameters such as tumour grading or
lymphovascular invasion have been shown to be predictive of lymph node
metastasis in a number of studies but the inter- and intra-observer variation in
reporting is high. Newer parameters including tumour budding and poorly
differentiated clusters have been shown to have great potential, but again some
improvement in the inter-observer variation is required. With the
implementation of digital pathology into clinical practice, quantitative
parameters like depth/area of submucosal invasion and proportion of stroma can
be routinely assessed. In this review we present the various histopathological risk
factors for predicting systemic spread in pT1 colorectal cancer and introduce
potential novel quantitative variables and multivariable risk models that could be
used to better define the optimal treatment of this increasingly common disease.

Conflict-of-interest statement: No
potential conflicts of interest.

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/licen
ses/by-nc/4.0/

Manuscript source: Invited
manuscript

Received: March 20, 2019
Peer-review started: March 20, 2019
First decision: April 4, 2019
Revised: May 7, 2019

WJG

Key words: Early colorectal cancer; Bowel cancer screening; Local resection; Major
resection; Morphological risk factors; Conventional histopathology parameters; Novel
histopathology parameters; Risk stratification models; Digital pathology

https://www.wjgnet.com

2887

June 21, 2019

Volume 25

Issue 23

Brockmoeller SF et al. Predicting spread in early colorectal cancer

Accepted: May 8, 2019
Article in press: May 8, 2019
Published online: June 21, 2019
P-Reviewer: Merkel S, Tandon RK
S-Editor: Ma RY
L-Editor: A
E-Editor: Ma YJ

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Since the implementation of national bowel cancer screening programmes we
have seen a three-fold increase in early colorectal cancers but how these lesion should
surgical managed is currently unclear. Conventional histopathological parameters such
as tumour grading or lymphovascular invasion have been shown to be predictive of
lymph node metastasis but the inter- and intra-observer variation in reporting is
significant. This review present the various conventional histopathological risk factors
for predicting systemic spread in pT1 colorectal cancer and introduces novel quantitative
variables and multivariable risk models that could be used to better define the optimal
treatment of this increasingly common disease.
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INTRODUCTION
Colorectal cancer (CRC) is one of the most common cancers worldwide[1,2]. It is the
third most common cause of cancer death in the United Kingdom and the United
States in both females and males [1] . Through the implementation of national
population screening [3] like the United Kingdom National Health Service Bowel
Cancer Screening Programme (NHS BCSP) we have observed a three-fold increase in
early CRC (stage pT1) from 5% to 17%[4]. Early CRC is defined as the “invasion of
neoplastic glandular epithelial cells through the muscularis mucosae into the submucosa of the bowel wall but not beyond”[5].
Currently it is unclear as to how pT1 CRC should be optimally managed. Major
bowel resection can be performed, however, this is associated with a significant risk of
post-operative mortality, especially in elderly patients, and also morbidity including
permanent colostomy formation, sexual and genitourinary problems, and low
anterior resection syndrome. Internationally, postoperative mortality rates vary
markedly, largely depending on background comorbidity in the population. Local
excision of the tumour and avoidance of major surgery is an attractive option for
patients with rectal cancer or significant comorbidity, but this is only safe from an
oncological viewpoint in the absence of lymph node metastasis (LNM) [6,7] . It is
therefore important that when deciding whether major bowel surgery or local
excision should be performed, the postoperative mortality and lymph node metastasis
risk are accurately estimated to inform the decision. Approximately 10%-15% of all
pT1 CRC have LNM at the time of primary diagnosis with pedunculated pT1 CRC
having an even lower risk (3% to 7% in the Asian population). Despite this major
bowel resection rates in pT1 CRC can be as high as 76%, meaning that many patients
are potentially exposed to unnecessary risk[8-11].
When a local excision (including polypectomy) is performed for pT1 CRC, patient
risk stratification is undertaken by histopathologists through careful analysis of the
specimen to determine the risk of LNM. The detailed macroscopic and microscopic
evaluation of the specimen produces a large amount of information to guide further
treatment. Routine information that is generally collected internationally includes the
type of tumour, differentiation grade, TNM stage, level of invasion, number of lymph
nodes involved, lymphatic invasion status, venous invasion status, perineural
invasion status and resection margin status[12]. Currently various national guidelines
differ in their recommendations as to which histopathological factors should be
reported and used to determine the risk of LNM and therefore use of major surgery,
and there is no established multivariate risk stratification model. The classification of
some factors is also not performed according to an international standard with
various systems in use. This review will present and discuss the various histopathological risk factors that can be used to predict systemic spread in in pT1 CRC
and introduce potential novel quantitative variables and multivariable risk models
that could be used to better define the optimal treatment of this increasingly common
disease.
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LITERATURE SEARCH
Literature searching was performed in PubMed (https://www.ncbi.nlm.nih.gov
/pubmed) for the following keywords: “lymph nodes”, “lymph node metastasis”,
“T1” and “pT1” combined with “colorectal cancer”. Articles published between July
2004 and January 2019 were reviewed. In addition, manual cross-referencing was
performed and further relevant papers published before 2007 identified through
review articles. Inclusion criteria for studies included publication in English, use of at
least 100 patients and availability of LNM status. Studies were excluded if neoadjuvant therapy was used due to the potential effect on tumour staging.

CONVENTIONAL HISTOPATHOLOGICAL PARAMETERS
Histological tumour type
The majority of CRCs are adenocarcinoma but specific histological variants including
cribriform or micropapillary adenocarcinoma have been reported in case series to
have a higher rate of LNM in early CRC[13], and may be used to indicate further
treatment in margin negative local excisions[14]. Mucinous adenocarcinomas (> 50% of
the tumour area composed of extracellular mucin), signet ring cell adenocarcinomas
(> 50% of the area composed of signet ring cells) and medullary carcinomas are
associated with deficient mismatch repair (dMMR), which has a better prognosis
when compared to cases with proficient mismatch repair. Yet in the absence of
deficient mismatch repair, these histological subtypes are associated with a poorer
prognosis than conventional CRC and further treatment may be indicated. The
importance of routine mismatch repair immunostaining is detailed below.

Tumour differentiation grading
Poor tumour differentiation has been shown in numerous studies, including metaanalyses, to be significantly associated with poorer survival[15-17] and prediction of
LNM in early CRC[7,18]. Poor differentiation is primarily based on the architecture of
the tumour and the hallmark is the absence of any tubular formation or irregularly
folded, distorted and often small tubules. Tumour differentiation is a subjective
parameter and grading may vary between assessors. Currently the WHO grading
system proposes a four tier classification including: Grade 1 (well differentiated),
grade 2 (moderately differentiated), grade 3 (poorly differentiated) and grade 4
(undifferentiated)[5]. An improvement in inter-observer agreement can be achieved
through compressing this system into two grades, i.e., well/moderate differentiation
vs poor differentiation[19]. This has been routinely adopted in the United Kingdom on
the basis that poor differentiation is an important high-risk feature in early CRC. With
the implementation of digital pathology into routine clinical practice, tumour
differentiation grading could be further improved by the implementation of automated algorithms to reduce the subjectivity of pathologist assessment[20-22].
For local excision specimens, there is currently uncertainty as to whether grading
should be based on the predominant or worst area of differentiation, as most published studies have not specified how poor differentiation was defined. To avoid the
risk of under-treatment in early CRC, the Royal College of Pathologists re-commend
grading on the worst area in local excision specimens until further data are available[19]. In contrast, a major resection specimen is graded based on the predominant
area of the tumour.
Whilst poor differentiation is generally accepted to be a poor prognostic feature, an
exception in which it is associated with a more favourable stage-adjusted prognosis is
in patients with dMMR, seen in 12%-15% of all cases[23,24]. Most dMMR cases are due to
somatic epigenetic silencing of the MLH1 gene but a minority of cases are due to
Lynch syndrome. From the current literature it is unclear if patients with poorly
differentiated pT1 dMMR CRCs have a lower risk of LNM than poorly differentiated
pT1 CRCs without dMMR. However, given the rarity of metastatic disease in dMMR
CRC it is likely that poor differentiation is only an adverse factor in cases with
proficient mismatch repair. Further evidence is required to confirm this hypothesis.
Mismatch repair immunohistochemistry or alternative technologies including
microsatellite instability testing should therefore be considered mandatory when
determining LNM risk in local excision specimens.

Venous, lymphatic and perineural invasion
The presence of submucosal lymphatic invasion[7,17,25,26] [relative risk (RR) = 5.2, 95%
confidence interval (CI): 4.0-6.8[7] ] and to a much lesser extent venous invasion (RR =
2.2; 95%CI: 1.4 -3.2[7]) and perineural invasion[27] have been shown to be some of the
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strongest predictors of LNM in early CRC. It is therefore important to carefully assess
for their presence and report these factors separately rather than stating the presence
“lymphovascular invasion” for example. The location of the deepest point of
involvement (either intramural or extramural) should be specified as this is also
prognostic[28]. In the context of a local excision, the deepest point visible will usually
be intramural. Lymphatic invasion is well recognised to be subjective with significant
rates of inter-observer variation[29]. This can be caused by difficulties distinguishing
lymphatics from venules, retraction artefacts, tumour budding and poorly differentiated clusters[29,30]. In cases of doubt, D2-40 immunohistochemistry can be
helpful to confirm the presence of a lymphatic channel and elastin stains can be
helpful to identify veins [25] . The use of such ancillary stains has been shown to
significantly improve the inter-observer agreement[31].

Resection margin status
In polypectomy/local excision specimens, the status of the resection margin in
conjunction with other high risk histopathology factors determines the risk of local
recurrence. Tumours which are present at the resection margin or within the diathermised zone should be considered for further treatment regardless of high risk
factors. In cases where the invasive tumour extends to the peripheral resection margin
only, a repeat endoscopy and further local excision should be considered[19].
There is currently significant controversy about the degree of risk in cases where a
tumour extends close to the deep resection margin (1 mm or less) but does not directly
involve it. Within the NHS BCSP, the recently revised pathological reporting guidance
has maintained 1 mm as the optimal cut-off to define margin involvement in order to
reduce the risk of incomplete resection, despite the risk that this strategy will lead to a
higher rate of major bowel surgery. Despite this guidance, in the absence of any other
high-risk histopathology features, local re-excision may be a reasonable treatment
option[11,32,33].

Level of submucosal invasion
Depending on the shape of the lesion (pedunculated or non-pedunculated), and the
status of the muscularis mucosa (identifiable or non-identifiable), different
classification systems may be used to define the level of submucosal invasion. A
qualitative assessment of sessile lesions was initially proposed by Kudo et al[34] which
separated the submucosa into thirds: sm1 (superficial); sm2 (middle); and sm3 (deep).
Invasion into sm3 has been associated with a higher risk of LNM when compared to
invasion confined to sm1/sm2 (RR = 3.6, 95%CI: 1.3-9.8)[7]. This method was further
subsequently modified into a semi-quantitative system by Kikuchi (sm1: Invasion up
to 0.2-0.3 mm; sm2: Intermediate invasion; sm3: Invasion near the muscularis
propria)[35]. A third quantitative measurement with a clear cut-off defining the levels
as sm1: Up to 0.5mm; sm2: 0.5-1.0 mm; sm3: Beyond 1.0 mm[36]. A second classification
system was proposed by Haggitt for pT1 CRC with a polypoid shape, which assesses
the depth of invasion into four levels, with level four invasion described as an adverse
factor[37].
Several issues arise when attempting to apply these two classification systems in a
routine clinical setting. Firstly, the received sample can become fragmented or
suboptimally orientated on histological sections meaning that accurate assessment is
not possible. To apply the Kudo system, the muscularis propria needs to be visible
which is not usually present in local excisions (with the exception of full thickness
transanal resection specimens). Without the muscularis propria indicating that the full
thickness of the submucosa is included, accurate division of the submucosa into thirds
is impossible. Haggitt classification can also be difficult to apply in poorly orientated
specimens or polyps that are lacking a clear stalk. These limitations and difficulties
show the need for better alternative measures that reply on quantitative parameters.

NOVEL HISTOPATHOLOGICAL PARAMETERS
Depth of submucosal invasion
Studies, in particular of Japanese populations, have identified the absolute depth of
submucosal invasion as an important quantitative factor for predicting lymph node
metastasis[38,39]. Ueno et al[11] proposed that the absolute depth of invasion beyond the
muscularis mucosa and the width of the invasive tumour are more objective parameters than the conventional factors described above[11,17]. On univariate analysis,
submucosal invasion ≥ 1 mm was predictive for LNM in pT1 CRC (RR = 5.2, 95%CI:
1.8-15.4)[7].
The current guidelines from the Japanese Society for Cancer of the Colon and
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Rectum recommend major resection if the cancer has an involved deep margin or if
one of the following high risk factors is present: poor differentiation, signet-ring cell
carcinoma, mucinous carcinoma, depth of invasion > 1000 µm, vascular invasion or
budding G2/G3 [14] . Interestingly a study in the Japanese population found that
submucosal invasion depth > 1000 µm alone would lead to approximately 80% of
malignant polyps being treated with laparotomy [39] . This approach has not been
routinely adopted in western populations as it would cause a significant increase in
the major resection rate in patients with a significantly higher risk of post-operative
mortality. In addition, there is only limited data on the prediction of LNM according
to the absolute depth of submucosal invasion in western populations[40].

Area of submucosal invasion
Three dimensional histological reconstructions of the large intestinal submucosa has
demonstrated that the number and size of blood and lymphatic vessels does not
increase towards the base of the submucosa as expected[41,42]. There are a greater
number of vessels in sm1 and the vessels are largest in sm2, suggesting that the
absolute depth of submucosal invasion may not be the most important parameter.
Pilot studies in a western populations have suggested that the width of the cancer
(cut-off 11.5 mm; P = 0.001) and the area of submucosal invasion (cut-off 35 mm2; P <
0.001) were significantly associated with the risk of LNM and showed superior
prediction when compared to the depth of invasion[40]. Taken together, it is highly
likely that the absolute area of submucosal invasion in sm1/sm2 where the majority
of vessels are located is the best predictor of LNM. With the routine adoption of
digital pathology, measuring the area of submucosal invasion is now readily feasible
(Figure 1).

Tumour budding
The predictive value of tumour budding for LNM has been demonstrated for various
cancers[43-46], but implementation into routine guidelines has been hindered by a lack
of practical guidance on assessment. Multiple different systems are described in the
literature leading to confusion over which system should be used[47]. Recently an
international consensus group agreed the definition of budding as “a single cancer
cell or a cell cluster of up to four tumour cells”[48] as well as detailing the practical
steps that should be taken to evaluate this marker (Figure 2). This led to the implementation of tumour budding as an additional prognostic factor in the eighth
edition of the Union for International Cancer Control's (UICC's) TNM classification.
Tumour budding has been included in the College of American Pathologists (CAP)
guidelines but not yet as a core factor in the UK guidelines until sufficient evidence of
reproducibility and its role in patient risk stratification exists[19]. Nevertheless some
studies have shown that the inter-observer variation in tumour budding is improved
by the international consensus definition, although further studies in western
populations are needed given that most of the large studies to date have been performed in Asian populations.

Poorly differentiated clusters
A new emerging risk factor for LNM in pT1 CRC is the presence of poorly differentiated clusters (PDC), which are defined as “malignant clusters with five or
more cells lacking glandular differentiation”[49,50] (Figure 2). Studies have shown that
the presence of PDC is a strong predictor of LNM with greater reproducibility than
tumour differentiation or budding in a study of 3,556 pT1 CRC [OR = 3.3 (95%CI: 2.64.1) P < 0.0001]. Further validation work is now required to confirm the importance of
PDC in early CRC and define the optimal risk cut-offs in addition to clear practical
guidance on the method of assessment[49].

Proportion of stroma
An emerging quantitative prognostic factor is the proportion of stroma within the
overall tumour area[51]. It has been shown in a number of different cancers, including
CRC, that a greater proportion of stroma is a poor prognostic factor[52-55]. The proportion of stroma can be subjectively estimated by the tumour stroma ratio[56] or
accurately quantitated by cell density measurements[54]. It is thought that in CRC the
high stroma group correlates with CMS4 consensus molecular subtyping, with both
groups accounting for around 25% of cases with the poorest prognosis [57-59] . The
prediction of LNM in pT1 CRC according to the proportion of stroma is as yet unknown but studies are ongoing.

Tumor immunology
The quantitation of the total number of tumour infiltrating lymphocytes has been
shown to correlate with prognosis in CRC and other cancer types[60-62]. A study of 29
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Figure 1

Figure 1 An example showing measurement of the area of submucosal invasion on a digital slide of a pT1
colorectal cancer (green area). The position of the destroyed muscularis mucosae has been estimated. The scale
bar signifies 2 mm.

early stage CRC (stage I and II) showed that the combination of CD8(+) plus
CD45RO(+) cells could be predictive for tumour recurrence and survival [63] . An
increase in specific lymphocyte populations has been shown to strongly predict
prognosis in CRC. The best-reported system in the recent literature is the Immunoscore ® , which is generated on the basis of CD3 and CD8 expression in the
tumour[64-66]. Automated algorithms to assess the number of lymphocytes are currently
being explored. Again, the prediction of LNM in pT1 CRC according to tumour immunology is as yet unknown.

META-ANALYSIS OF HISTOPATHOLOGICAL PARAMETERS
A meta-analysis from 2011 included 17 studies with a total of 3621 patients and
showed that the presence of lymphatic invasion (RR = 5.2, 95%CI: 4.0-6.8), high
tumour budding (RR = 5.1, 95%CI: 3.6-7.3), submucosal invasion ≥ 1 mm (RR = 5.2,
95%CI: 1.8-15.4), and poor differentiation (RR = 4.8, 95%CI: 3.3-6.9) were associated
with a higher risk of LNM in pT1 CRC on univariate analysis[7]. Another fixed-effects
meta-analysis included 76 studies and showed that lymphatic invasion (OR = 8.62)
was the strongest factor, followed by tumour depth (pT2 vs pT1; OR = 2.62) and
tumour differentiation (OR = 2.38) in predicting LNM[26]. In a subset analysis, poor
differentiation at the invasive front (OR = 6.08) and tumour budding (OR = 5.82) were
the most predictive in rectal cancer[26]. A meta-analysis from 2013 included 23 studies
with 4510 patients and demonstrated similar findings, with a greater risk of LNM in
pT1 CRC with a depth of submucosal invasion of > 1 mm (OR = 3.87, 95%CI: 1.5010.00, P = 0.005), lymphovascular invasion (OR = 4.81, 95%CI: 3.14-7.37, P < 0.00001),
poor differentiation (OR = 5.60, 95%CI: 2.90-10.82, P < 0.00001) or tumour budding
(OR = 7.74, 95%CI: 4.47-13.39, P < 0.001)[17]. Finally, a meta-analysis in early CRC
included 41 studies with 10137 patients and showed a strong association between the
presence of tumour budding and risk of LNM in pT1 CRC (OR = 6.44; 95%CI: 5.267.87; P < 0.0001)[67].

MULTIVARIATE RISK STRATIFICATION MODELS
The univariate analyses described above have identified a number of conventional
and novel histopathological risk factors for LNM in pT1 CRC. To date, very few
studies have proposed multivariate risk prediction models and currently there is no
single risk stratification model used internationally. Ueno et al[11] demonstrated that
the best risk multivariate prediction model in a cohort of 251 cases included poor
differentiation (OR = 2.9; 95%CI: 1.2-7.4; P = 0.023), vascular invasion (OR = 2.7;
95%CI: 1.1-7.0; P = 0.039), tumour budding (OR = 3.7; 95%CI: 1.4-9.9; P = 0.008) and
width of submucosal invasion (≥ 4000 μm)[11]. Another study of 140 cases used a
logistic regression analysis and built an algorithm based on lymphatic invasion (OR =
1.45, P < 0.05), absence of lymphocyte infiltration (OR = 16.6, P = 0.016), cribriformtype structural atypia (OR = 3.7; P < 0.05), venous invasion (OR = 3.26, P < 0.05), and
depth of invasion (cut-off > 2 mm; OR = 1.45, P < 0.05)[68]. Lymphocyte infiltration was
investigated in the invasive area of submucosal carcinoma and classified as either
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Figure 2

Figure 2 An example of tumour budding (blue arrows) and poorly differentiated clusters (yellow arrows) at
the invasive edge of a pT1 colorectal cancer. The scale bar signifies 100 µm.

negative (no or little infiltration) or positive (follicular structures or infiltration by
more lymphocytes than the number of tumour cells).
A larger retrospective study of 806 cases showed that independent predictors of
LNM in multivariate analysis were: depth of submucosal invasion ≥ 1000 µm (OR =
5.56; 95%CI: 2.14-19.10) and high-grade budding (OR = 3.14; 95%CI: 1.91-5.21). Highgrade budding was defined as five or more buds per high power field (0.95 mm2). The
study proposed a three-tier risk classification system based on the depth of
submucosal invasion and budding: high-risk with a depth of submucosal invasion ≥
1000 µm and high-grade budding, intermediate-risk with a depth of submucosal
invasion ≥ 1000 µm and low-grade budding, and low-risk with a depth of submucosal
invasion < 1000 µm. Additional factors for used to subclassify the intermediate risk
group further were lymphovascular invasion and differentiation grade[69].
A recently published study proposed a risk stratification model for pedunculated
pT1 CRC (3% to 7% LNM rate in Asian populations)[9,10,39,69] and investigated the
following six factors: tumour differentiation; submucosal invasion depth by Haggitt
classification; lymphovascular invasion; tumour budding; PDCs; and the condition of
the muscularis mucosae[70]. Tumour budding and PDC were defined and graded as
above but assessed in a 0.785 mm2 field (grade 1: 0-4; Grade 2: 5-9; Grade 3: 10 or
more). The status of the muscularis mucosa was classified as Type A: Shattered but
aligned muscularis mucosa or Type B: Incompletely or completely disrupted muscularis mucosae. The authors ultimately recommended a new model including the
following four risk factors: lymphovascular invasion; Haggitt level 4 invasion;
muscularis mucosae type B (incompletely or completely disrupted); high grade
PDCs/tumour budding (both grade 2-3). High-grade tumour budding and highgrade PDC were grouped together as “any kind of positive budding”. The model had
a sensitivity of 83.8% and specificity of 70.3% for predicting LNM (area under the
curve value of 0.83), and would classify 32% of all cases in the high-risk group, 68% in
the low risk group and miss 1.3% of all LNM.
Unfortunately the majority of these studies include retrospective series with small
numbers of patients. Due to the 10%-15% rate of LNM in pT1 CRC, only a limited
number of events are present leading to limited data in both Western and Asian
populations. Well-designed prospective cohort studies are urgently needed to define
robust international standards[49,69]. Ultimately a validated multivariate risk stratification model including both clinical and histopathological factors could be used to
define prognosis in a similar way to that already developed for breast cancer.

DISCUSSION
In this review we have summarised the main conventional histopathological risk
factors for LNM in pT1 CRC in addition to a number of novel factors that have
recently been proposed. It is well recognised that parameters including lymphovascular invasion, poor differentiation, and depth of submucosal invasion are
significantly correlated with an increased risk of LNM. Unfortunately, lymphovascular invasion and tumour differentiation grading show high levels of interobserver variation, which limits their clinical usefulness. Univariate markers for LNM
in pT1 CRC should therefore be interpreted with caution when deciding whether to
proceed with major bowel resection after local excision due to the significant risks of
major morbidity and mortality.
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With the routine implementation of digital pathology into clinical diagnostics[20-22],
novel histopathological markers including the absolute depth of invasion, area of
submucosal invasion and proportion of stroma can now be easily measured. Due to
the quantitative nature of these parameters, it is likely that they are considerably more
reproducible than the traditional subjective parameters. However, their evaluation
can take a considerable amount of time to perform manually, hence there is a clear
role for artificial intelligence, which is also likely to improve the reproducibility of
con-ventional and novel risk factors.
Multivariate risk stratification models need to be developed and validated to
optimise the management of pT1 CRC. In the future, artificial intelligence on digital
pathology slides could be applied to compare different multivariate risk stratification
models to identify the optimal way to accurately predict LNM[71]. This will should
reduce the inaccuracy associated with relying on individual subjective markers and
has the potential to further refine the group at highest risk of LNM and therefore
reduce the overall number of patients exposed to the risks of major bowel resection.
By combining the histopathological data with molecular data, patient data and treatment data, a personalised risk stratification model could be created with the aim of
determining the optimal treatment pathway for individual patients[49].

CONCLUSION
In this review we present the various histopathological risk factors for predicting
systemic spread in pT1 colorectal cancer and introduce potential novel quantitative
variables and multivariable risk models that could be used to better define the optimal treatment of this increasingly common disease.
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Abstract
BACKGROUND
NIMA related kinase 2 (NEK2) is closely related to mitosis, and it is currently
considered to be over-expressed frequently in many poorly prognostic cancers.
However, the effect of the up-regulated NEK2 on cellular signaling in tumors,
such as gastric cancer (GC), is con-fusing.
AIM
To determine the role of the up-regulation of NEK2 in GC.
METHODS
To investigate the pathological significance of NEK2 in GC, the expression
pattern of NEK2 in GC was investigated based on the “Oncomain” database and
compared between 30 pairs of cancer samples and adjacent tissues. The coexpression of NEK2 and ERK in GC was analyzed using The Cancer Genome
Atlas (TCGA) database and confirmed in clinical samples by quantitative realtime PCR (qRT-PCR), and the survival curve was also plotted. Western blot or
qRT-PCR was used to analyze the effect of NEK2 on the phosphorylation levels
of ERK and c-JUN in two GC cell lines (BGC823 and SGC7901) with NEK2
overexpression, and the expression of the downstream effector cyclin D1.
Furthermore, CCK8, EdU incorporation assay, and flow cytometry were used to
detect the proliferative ability of BGC823 and SGC7901 cells with stably silenced
ERK.
RESULTS
NEK2 was significantly up-regulated in human GC tissues. ERK was significantly
associated with NEK2 expression in human clinical specimens, and combined
overexpression of NEK2 and ERK potentially forecasted a poor prognosis and

https://www.wjgnet.com

2898

June 21, 2019

Volume 25

Issue 23

Fan WD et al. NEK2 mediates ERK/MAPK signaling

Received: April 4, 2019
Peer-review started: April 4, 2019
First decision: April 11, 2019
Revised: April 27, 2019
Accepted: May 18, 2019
Article in press: May 18, 2019
Published online: June 21, 2019
P-Reviewer: Jones G, Tanabe S
S-Editor: Ma RY
L-Editor: Wang TQ
E-Editor: Ma YJ

survival in GC patients. NEK2 knockdown in GC cells inhibited ERK and c-JUN
phosphory-lation and reduced the transcription of cyclin D1. More interestingly,
NEK2 can rescue the inhibition of cellular viability, proliferation, and cell cycle
progression due to ERK knockdown.
CONCLUSION
Our results indicate that NEK2 plays a carcinogenic role in the malignant
proliferation of GC cells via the ERK/MAPK signaling, which may be important
for treatment and improving patient survival.
Key words: NIMA related kinase 2; ERK/MAPK signaling; Cyclin D1; Cell proliferation;
Gastric cancer
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Expression of NIMA related kinase 2 (NEK2) is significantly up-regulated in
human gastric cancer (GC) tissues and cells. Combined NEK2 and ERK expression may
predict overall survival in patients with GC. NEK2 regulates the expression of cyclin D1
by affecting the phosphorylation of ERK and c-JUN in GC and mediates cell
proliferation via the ERK/c-JUN/cyclin D1 axis.

Citation: Fan WD, Chen T, Liu PJ. NIMA related kinase 2 promotes gastric cancer cell
proliferation via ERK/MAPK signaling. World J Gastroenterol 2019; 25(23): 2898-2910
URL: https://www.wjgnet.com/1007-9327/full/v25/i23/2898.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i23.2898

INTRODUCTION
Gastric cancer (GC) is a type of malignant tumor in the digestive system with high
incidence, and it is the third cause of human cancer-related death [1-3] . Although
surgery, radiation therapy, and chemotherapy can improve patient survival to some
extent, the 5-year survival rate of GC patients is still low (25%-30%), partly because
the complexity of clinical heterogeneity[4-6]. Due to high cell proliferation is associated
with poor survival in patients with GC[7], exploring the mechanisms of malignant
proliferation of GC cells is important for the treatment and improvement of patient
survival[8].
In mammals, NIMA related kinase 2 (NEK2), as an S/G2 phase kinase, usually
shows a high expression level in various forms of cancer, mediating the cellular
mitosis during cell division[9-11]. In vivo, silencing NEK2 can significantly slow tumor
growth in mice and result in reduced tumor burden in tumor-forming organs[12-14].
Furthermore, some studies have shown that up-regulated NEK2 leads to malignant
proliferation and drug resistance in vivo, and NEK2 siRNA can significantly reduce
tumor formation ability in allogeneic tumor formation studies[15,16]. Although the exact
molecular mechanism of NEK2 in the regulation of tumor formation and progression
is largely unclear, the fact that NEK2 silencing induces the slower proliferation of cells
suggests that NEK2 inhibition can resist tumor progression in vivo, and inhibition of
NEK2 expression may become an effective treatment for GC[14,17-20].
The ERK/MAPK pathway communicates intracellular phosphorylation kinase
signaling from a receptor on the surface of the cell to the DNA in the nucleus, and
produces some changes in cell processes to respond to the extracellular stress[21,22].
Overall, once the extracellular mitogen binds to the receptor on the membrane, ERK
will be activated and its downstream effector c-Jun will also be switched by
transferring a phosphate group [23] , participating in the ERK/MAPK signal transduction[24,25]. Many studies show that activation of the ERK/MAPK pathway plays an
important role in tumorigenesis, progression, survival in GC[26-28].
Here, we showed that NEK2 promotes gastric tumorigenesis by regulating the cell
cycle. Based on the rise of NEK2 expression in GC and the application of bioinformatics and clinical sample analysis, our study focused on the combined
expression of NEK2 and ERK in GC and demonstrated that up-regulation of NEK2 in
GC cells by targeting ERK/c-JUN/cyclin D1 signaling effectively promoted the
proliferation of GC cells and significantly affected the clinical prognosis of GC
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patients. Our study revealed the combined role of the NEK2 and ERK/MAPK pathways in the cell cycle, which is important for the GC treatment and improvement of
patient survival.

MATERIALS AND METHODS
Human tissue specimens and cell lines
GC and paired adjacent tissues were obtained from 30 patients treated at Zhang
jiagang First People's Hospital from 2016 to 2018. All patients had no history of
chemotherapy or immunotherapy, and all samples were classified as GC by two
pathologists. The sample use was approved by the patients and the Hospital Ethics
Committee, and all patients provided informed consent.
The AGS, MGC803, BGC823, and SGC7901 cell lines and human normal gastric
epithelial cell line (GES1) used in the study were purchased from the Chinese
Academy of Medical Sciences Cell Resource Platform (Beijing, China). All cell lines
were cultured in DMEM (Gibco) containing 10% FBS (Gibco) and 1% antibiotic
(Gibco).

Cell transfection and lentivirus transductions
We transfected siRNA oligos into cells using Lipofectamine 3000 (Invitrogen). SiRNAs
against NEK2 (siNEK2-1, 5'- GUCAGAUAUUGAGAAAAAUUACCAA-3'; siNEK2-2,
5'- AAUGAGAAAUCAGAUAUCUGGUCAT-3') and control siRNA [siN.C, 5'UUCUCCGAACGUGUCACGUd(TT)-3'] were obtained from GenePharma (Suzhou).
After 48 h of transfection, cells were harvested for subsequent experiments.
The shRNA targeting the ERK gene (5'- AACCTTTAAAGACTGATATTCAAAT-3')
was designed and cloned into the pGV307-RFP vector (Addgene). Lentiviral
packaging, purification, and infection of the cells of interest were performed
according to the protocol provided by the manufacturer. Cells with stable ERK knockdown were selected using 5 μg/mL puromycin (Sigma) at 3 d after infection.

RNA extraction and quantitative real-time PCR (qRT-PCR)
RNA was extracted from cells or tissue samples using TRIzol Reagent (Sigma), and 2
μg of RNA was transcribed into cDNA with a Prim primer RT Master Mix Kit
(Takara) using random primers, followed by qRT-PCR using GoTaq qRT-PCR Master
Mix (Promega, cat). The ΔΔCT method was used to calculate the expression level of
the target mRNA. Experiments were performed in triplicate. The primers used in our
study are listed in Table 1.

Immunohistochemistry
Paraffin-embedded tissue sections were deparaffinized and dehydrated, and immunohistochemical staining for NEK2 and ERK in tissues was performed using a
DAB substrate kit (Maxin). The staining intensity and staining range were
respectively scored using the standard method, and according to the final score
(staining intensity × staining range), a score of less than 6 was considered to be low
staining, and > 6 high staining.

Western blot analysis
Total cellular protein was extracted using RIPA lysis containing protease and
phosphatase inhibitors. Protein concentration was measured according to the
instructions of the BCA kit (Thermo Scientific). SDS-PAGE separation and immunoblotting were then performed according to standard methods. The primary
antibodies used in our study are listed below: EK2 (Abcam), ERK1/2 (Cell Signaling
Technology), c-JUN (Cell Signaling Technology), phospho-Erk1/2 (Thr202/Tyr204)
(Cell Signaling Technology), phosphorylated c-JUN (Ser63) (Cell Signaling
Technology), cyclin D1 (Abcam), and β-actin (Abcam).

CCK-8 assay
Cells with stable ERK knockdown or NEK2 overexpression were seeded in 96-well
plates at a density of 1000 cells per well. After incubation for 24, 48, and 72 h, CCK-8
reagent (Dojindo) was added at a concentration of 10% to each well, and after incubation for 1 h, the optical density (OD) was measured at 490 nm. Experiments were
performed in triplicate.

EdU incorporation assay
EdU incorporation assay was performed with an EdU Apollo 488 in vitro imaging kit
(RiboBio). One thousand cells were seeded into each well of a 96-well plate. After
incubation for 24 h, the medium was changed to a medium containing 20 mmol/L
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Table 1 Primers used for quantitative real-time PCR
Gene

Primers (5’ to 3’, forward/reverse)

NEK2

TGCTTCGTGAACTGAAACATCC
CCAGAGTCAACTGAGTCATCACT

ERK

CGGGGCATCTTCGAGATCG
CAGAACAACGCCGTTTCAGTT

c-JUN

GTCCTCCATAAATGCCTGTTCC
GATGCAACCCACTGACCAGAT

Cyclin D1

ACGAAGGTCTGCGCGTGTT
CCGCTGGCCATGAACTACCT

GAPDH

GGAGCGAGATCCCTCCAAAAT
GGCTGTTGTCATACTTCTCATGG

EdU, and incubation was continued at 37 °C for 1 h. After fixing the cells with 4%
paraformaldehyde, Apollo staining was performed according to the standard
instructions. Cell proliferation rates are shown as the percentage of EdU positive cells.
Experiments were performed in triplicate.

Flow cytometry
When the cells in the 6-well plate reached 80% confluence, they were harvested using
trypsin and fixed overnight in pre-cooled 70% ethanol. After washing, cells were
incubated in a dark environment with 500 μL of PI/RNase staining buffer (BD
Pharmingen) for 15 min. Cell cycle changes were detected and analyzed using the
FACSCalibur system (BD Biosciences). Experiments were performed in triplicate.

Statistical analysis
Data were analyzed using GraphPad Prism 5 (La Jolla, CA, United States). The chisquare test or Fisher's exact test was used to determine the significance of categorical
data. The Student's t-test or one-way ANOVA was used to determine the significance
of the mean. Differences were considered statistically significant at P < 0.05 (aP < 0.05,
b
P < 0.01, cP < 0.001).

RESULTS
Expression of NEK2 is significantly up-regulated in GC
The amplification of NEK2 has an oncogene effect in various types of tumors,
regulating the process of tumor proliferation and invasion. To clarify the expression
pattern of NEK2 in human GC, we searched the "Oncomine" database for GC data
published by different researchers. It was surprised to find that NEK2 expression in
GC tissues was significantly higher compared to that in normal tissues (Figure 1A). To
confirm the high level of NEK2 expression in GC, we detected the NEK2 expression
level in 30 pairs of GC and adjacent tissues. The results showed that the NEK2 mRNA
level in GC tissues was significantly higher than that in non-cancerous tissues (Figure
1B).
In addition, in order to understand whether the high expression of NEK2 has an
effect on the progression of GC, we divided 30 human GC samples into three grades
(I, II, and III-IV) according to the WHO criteria for clinical GC tumors to evaluate the
expression pattern of NEK2 in various stages of GC. Interestingly, high-grade tumors
(Grade III-IV) showed a higher NEK2 expression level than low-grade tumors (Figure
1C), giving a suggestion that NEK2 expression is gradually increasing in the
progression of GC. These results indicated that the progressively up-regulated
expression of NEK2 may be a tumor-promoting regulator in the progression of GC.
To further verify that NEK2 is up-regulated in GC, the mRNA and protein
expression levels of NEK2 were detected in four gastric tumor cell lines (AGS,
MGC803, BGC823, and SGC7901) and gastric epithelial cell line (GES1). In the four GC
cell lines, both the mRNA and protein expression levels of NEK2 were higher than
those in the normal gastric epithelial cell line (Figure 1D and E), which is consistent
with the expression pattern of NEK2 in the tissues. Taken together, these data can
confirm that NEK2 expression shows a dynamic up-regulation pattern in GC tissues,
and NEK2 plays a potential tumor-promoting role in the pathological process of GC.
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Figure 1 Expression of NIMA related kinase 2 in tissues and cells of gastric cancer. A: Relative mRNA expression level of NIMA related kinase 2 (NEK2) in
gastric cancer and normal tissues (datasets from Oncomine). B: Relative mRNA expression level of NEK2 analyzed by quantitative real-time PCR in 30 pairs of
human gastric cancer tissues (Cancer) and adjacent tissues (Normal). (Paired t-test, P < 0.001). C: The mRNA expression level of NEK2 in different grades of cancer
samples. Data represents the mean ± SD of three replicates. D: Relative NEK2 mRNA expression level in four gastric cancer cell lines compared to gastric mucosal
epithelial cell line (GES1). E: Relative NEK2 protein expression level in different gastric cancer cell lines. β-actin was used as the loading control. NEK2: NIMA related
kinase 2.

Combined NEK2 and ERK expression may predict overall survival in patients with
GC
Research has shown that there is a correlation between the activation of ERK1/2 and
NEK2 during mitosis[29]. In order to further elucidate the molecular mechanism of the
correlation of ERK1/2 and NEK2, we tried to detect the correlation of ERK1/2 and
NEK2 expression in GC. First, we found that NEK2 and ERK had strong co-expression
relationships in GC based on the TCGA database (Figure 2A). We next examined the
ERK expression level in GC tissues, and the result showed that ERK was significantly
up-regulated in GC tissue relative to normal tissue (Figure 2B). In addition, in order to
confirm the expression relationship between NEK2 and ERK in GC, we further
examined the expression relationship between NEK2 and ERK in clinical samples. The
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RT-qPCR result showed that NEK2 was positively correlated with ERK in GC tissues
in terms of the expression level (Spearman, r = 0.594, P < 0.05) (Figure 2C).
Collectively, all results suggest a correlation in expression patterns between NEK2
and ERK in GC.
Although the abnormal NEK2 expression is related to the therapeutic effect and
prognosis in many cancers, the prognostic significance of NEK2 in GC patients
remains unclear. We first classified 30 GC tissues into different groups according the
expression of NEK2 and ERK (Figure 2D). The results showed that 56.67% (17/30) of
the 30 GC samples showed strong NEK2 immunostaining, while in the high NEK2
expression samples, only 23.53% (4/17) of the tumors showed low ERK expression. In
the samples with low expression of NEK2 (43.33%, 13/30), only five samples exhibited high REK expression. Whatever, the χ2 test revealed a significant expression
relation between ERK and NEK2 (P = 0.035, Figure 2E). Analysis of the expression of
NEK2 and ERK using the Kaplan-Meier method in GC patients indicated that patients
with low NEK2 and low ERK expression levels had better overall survival than
patients with high NEK2 and high ERK levels (Figure 3D). The above results suggest
that co-expression of NEK2 and ERK in tissues may be involved in the pathological
process of GC and significantly affect the prognosis of patients with GC.

NEK2 promotes the activation of ERK/MAPK signaling in GC
To elucidate the underlying molecular mechanisms by which NEK2 affects the
pathogenesis of GC and the prognosis of patients with GC, we analyzed the effect of
NEK2 on MEK/ERK signaling. Cell proliferation-related gene expression patterns
were examined in BGC823 and SGC7901 cells after NEK2 silencing. We found that,
when NEK2 expression in BGC823 and SGC7901 cells was significantly reduced
(Figure 4B), the expression of key genes regulating cell proliferation was significantly
down-regulated, including c-JUN and cyclin D1, which are considered to be the
downstream molecule of the ERK/MAPK signaling pathway (Figure 4A).
In addition, NEK2 silencing resulted in decreased levels of c-JUN and ERK phosphorylation, as revealed by Western blot analysis, although c-JUN and ERK did not
change significantly at the protein level. And grayscale comparison showed their
phosphorylation levels were significantly reduced (Figure 4B and C). In addition,
cyclin D1 protein expression was significantly reduced after down-regulation of
NEK2 expression in BGC823 and SGC7901 cells (Figure 4B). These results revealed
that the expression of cyclin D1 can be regulated by NEK2 through the ERK/c-JUN
pathway in GC.

NEK2 promotes cell viability, proliferation, and cell cycle progression in GC via
ERK/MAPK signaling
To evaluate whether NEK2 regulates potential phenotypic changes in GC cells via the
ERK/c-JUN/cyclin D1 pathway, we used shRNA to establish BGC823 and SGC7901
cells with stable ERK knockdown. We found that cyclin D1 was significantly reduced
both at the mRNA and protein levels in the NEK2 knockdown cell line compared to
control cells (Figure 3A and B), while overexpression of NEK2 rescued the decreased
cyclin D1 expression caused by ERK knockdown.
To explore how NEK2 mediates cell viability in GC, the CCK-8 assay was used to
detect the viability of GC cells in BGC823 and SGC7901 cell lines with ERK
knockdown. CCK8 assay showed that down-regulation of ERK significantly reduced
the proliferation of BGC823 and SGC7901 cells after cell seeding, but cell viability was
restored after stably expressing NEK2 in ERK-silenced BGC823 and SGC7901 cells
(Figure 3C and D).
We next investigated the effect of silencing NEK2 on cell cycle progression by flow
cytometry. Cell cycle distribution analysis showed that ERK silencing resulted in cell
cycle arrest in the G0/G1 phase (Figure 4E and F), and the EdU incorporation assay
showed that ERK silencing resulted in a decrease in the percentage of S phase cells,
whereas both the cell cycle and DNA synthesis in BGC823 and SGC7901 cells were
restored to some extent after overexpression of NEK2 (Figure 4G and H). Altogether,
these data indicate that NEK2 can regulate GC cell cycle progression and cell proliferation via the ERK/c-JUN/cyclin D1 axis.

DISCUSSION
Previous studies have indicated that, unlike other kinases, NEK2 can promote cancer
progression by participating in the regulation of centrosome activity during mitosis,
leading to abnormal activation of mitosis. Therefore, the regulation of NEK2 is mainly
involved in cancer during the advanced stage[30-32]. In the development of cancer at
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Figure 2 Combined NIMA related kinase 2 and ERK expression may predict overall survival in patients with gastric cancer. A: ERK co-expressed with NIMA
related kinase 2 (NEK2) in gastric cancer (datasets from TCGA). B: Relative mRNA expression level of ERK analyzed by quantitative real-time PCR in 30 pairs of
human gastric cancer tissues. C: ERK expression is significantly correlated to NEK2 expression in human gastric cancer tissues. D: Immunohistochemistry analysis of
NEK2 and ERK expression in serial gastric cancer samples. E: Correlation between NEK2 and ERK expression. F: Overall survival of patients with gastric cancer
calculated using Kaplan–Meier analysis according to the staining level. NEK2: NIMA related kinase 2.

early stages, for example, NEK2 promotes tumor cell proliferation and participates in
the invasion of tumor cells to epithelial tissues[9,16]. It is speculated that enhanced
activity of centrosomes is a feature of advanced cell carcinogenesis, driving mutations
to progeny cells and providing a source of genetic variation in tumorigenesis[33].
In this study, we for the first time showed that NEK2 overexpression promoted the
activation of c-JUN and the up-regulation of cyclin D1 through the abnormally
activated ERK/MAPK pathway in GC. We also found that NEK2 overexpression
promoted the cell cycle progression in GC cell lines and participated in the regulation
of proliferation of GC cells. In human myeloma, NEK2 promotes myeloma resistance
via activating the ERK pathway, indirectly supporting our conclusion[34-36]. Thus, our
results suggest that NEK2 may have a new and important role in tumor progression.
In many mammalian cell types, the ERK pathway can integrate cellular external
stimulation signals into cells, acting as a significant regulator that mediates cell
growth and proliferation[37,38]. It is well known that uncontrolled growth or malignant
proliferation is a necessary and initial step in the development of tumors [39,40] .
Furthermore, it has been shown that abnormal NEK2 expression obviously affected
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Figure 3

Figure 3 NIMA related kinase 2 mediates the activation of ERK/MAPK signaling. A and B: Relative mRNA expression of ERK/MAPK signaling key factors
analyzed by quantitative real-time PCR in NIMA related kinase 2 (NEK2) silenced BGC823 and SGC7901 cell lines and negative controls. C: Western blot analysis of
ERK/MAPK signaling key factors (ERK, c-JUN, and cyclin D1) and their phosphorylated forms (p-ERK and p-c-JUN) in NEK2 silenced BGC823 and SGC7901 cell
lines and negative controls. D: Relative phosphorylation levels of ERK and c-JUN in C were calculated. β-actin was used as the internal control. Values are presented
as the mean ± SEM. NEK2: NIMA related kinase 2.

the process of mitosis of breast tumor cells, and in breast cancer, NEK2 overexpression was significantly associated with a poor prognosis, indicating that NEK2
may be an ideal target for therapy[9,41]. However, in our study, we demonstrated that
NEK2 was highly expressed in GC and the up-regulated expression of NEK2 was
associated with the activity of the ERK/MAPK pathway. NEK2 can promote phosphorylation of ERK and further promote cyclin D1 expression through the ERK/cJUN pathway, regulating the mitosis of GC cells. In addition, the combined and
elevated expression of NEK2 and ERK was found to be significantly associated with a
poor prognosis in patients with GC, indicating that NEK2 is an essential factor that
mediates the transmission of important signals in GC. Therefore, NEK2 has the
potential to become an ideal target for GC therapy[41,42].
In conclusion, our study reveals a novel mechanism by which NEK2 promotes the
growth of GC cells by activating the ERK/MAPK pathway. Although we have
demonstrated that NEK2 can regulate the phosphorylation of c-JUN and ERK and cell
cycle progression in GC cells, there may be other targets that may also affect cancer
cell proliferation. Nonetheless, our finding that NEK2 targets the ERK/c-JUN/cyclin
D1 pathway provides new insights into NEK2 function and reveals that NEK2 may be
a potential target for developing optimal treatments for GC patients.
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Figure 4 NIMA related kinase 2 promotes gastric cancer cell viability, proliferation, and cell cycle progression via ERK/MAPK signaling. A and B: Relative
mRNA and protein expression of cyclin D1 in cell lines with ERK silencing and NEK2 overexpression. C and D: CCK8 assay showing cell viability in BGC823 and
SGC7901 cell lines and negative controls. E: Flow cytometry analysis of cell cycle distribution in BGC823 and SGC7901 cell lines. F: Quantification of the data shown
in E (n = 3). G: EdU incorporation assay showing the percentage of cells in S-phase. H: Quantification of the data shown in G (n = 3). NEK2: NIMA related kinase 2.

ARTICLE HIGHLIGHTS
Research background
NIMA related kinase 2 (NEK2) is closely related to mitosis, and it is currently considered to be
overexpressed frequently in many poorly prognostic cancers. However, the effect of upregulated NEK2 expression on cellular signaling in tumors, such as gastric cancer (GC), is
confusing.

Research motivation
To explore the treatment of GC and improve patient survival.

Research objectives
To determine the role of the up-regulation of NEK2 in GC.

Research methods
To investigate the pathological significance of NEK2 in GC, the expression of NEK2 in GC was
investigated based on the “Oncomain” database and compared between 30 pairs of cancer and
adjacent tissues. The co-expression of NEK2 and ERK in GC was analyzed based on the TCGA
database and confirmed in clinical samples by quantitative real-time PCR (qRT-PCR), and the
survival curve was also plotted. Western blot or qRT-PCR was used to analyze the effect of
NEK2 on the phosphorylation levels of ERK and c-JUN in BGC823 and SGC7901 cells, and the
expression of the downstream effector cyclin D1. Furthermore, CCK8, EdU incorporation assay,
and flow cytometry were used to detect the proliferative of BGC823 and SGC7901 cell lines with
stable silencing of ERK.

Research results
In this study, we found that NEK2 was significantly up-regulated in human GC tissues. In
addition, ERK was significantly associated with NEK2 expression in human clinical specimens,
and combined overexpression of NEK2 and ERK potentially forecasted a poor prognosis and
survival in GC patients. NEK2 knockdown in GC cells inhibited ERK and c-JUN phosphorylation and reduced transcription of cyclin D1. More interestingly, NEK2 can rescue the
inhibition of cellular viability, proliferation, and cell cycle progression due to ERK knockdown.

Research conclusions
NEK2 plays a carcinogenic role in the malignant proliferation of GC cells via the ERK/MAPK
signaling, which is important for treating GC and improving patient survival.

Research perspectives
Future research may further reveal the mechanism of action of NEK2 to enhance the sensitivity
of cancer cells and promote its application in anti-cancer treatments. And the identification of the
molecular pathway related to ERK/MAPK signaling may further elucidate the underlying
mechanism.
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Abstract
BACKGROUND
Stress-induced gastric ulcer (SGU) is one of the most common visceral
complications after trauma. Restraint water-immersion stress (RWIS) can cause
serious gastrointestinal dysfunction and has been widely used to study the
pathogenesis of SGU to identify medications that can cure the disease. The
mediodorsal thalamic nucleus (MD) is the centre integrating visceral and physical
activity and contributes to SGU induced by RWIS. Hence, the role of the MD
during RWIS needs to be studied.
AIM
To screen for differentially expressed proteins in the MD of the RWIS rats to
further elucidate molecular mechanisms of SGU.
METHODS
Male Wistar rats were selected randomly and divided into two groups, namely, a
control group and an RWIS group. Gastric mucosal lesions of the sacrificed rats
were measured using the erosion index and the proteomic profiles of the MD
were generated through isobaric tags for relative and absolute quantitation
(iTRAQ) coupled with two-dimensional liquid chromatography and tandem
mass spectrometry. Additionally, iTRAQ results were verified by Western blot
analysis.
RESULTS
A total of 2853 proteins were identified, and these included 65 dysregulated (31
upregulated and 34 downregulated) proteins (fold change ratio ≥ 1.2). Gene
Ontology (GO) analysis showed that most of the upregulated proteins are
primarily related to cell division, whereas most of the downregulated proteins
are related to neuron morphogenesis and neurotransmitter regulation. Ingenuity
Pathway Analysis revealed that the dysregulated proteins are mainly involved in
the neurological disease signalling pathways. Furthermore, our results indicated
that glycogen synthase kinase-3 beta might be related to the central mechanism
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through which RWIS gives rise to SGU.
CONCLUSION
Quantitative proteomic analysis elucidated the molecular targets associated with
the production of SGU and provides insights into the role of the MD. The
underlying molecular mechanisms need to be further dissected.
Key words: Mediodorsal thalamic nucleus; Proteome; Restraint water-immersion stress;
Stress-induced gastric ulcer; Glycogen synthase kinase-3 beta
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Quantitative proteomic analysis was used to screen for differentially expressed
proteins in the mediodorsal thalamic nucleus of rats subjected to restraint waterimmersion stress. A total of 65 dysregulated proteins were identified, which are mainly
involved in the neurological disease signalling pathways. Meanwhile, the 31 upregulated
proteins are primarily related to cell division, whereas the 34 downregulated proteins are
related to neuron morphogenesis and neurotransmitter regulation. Furthermore, glycogen
synthase kinase-3 beta might be related to the central mechanism through which restraint
water-immersion stress gives rise to stress-induced gastric ulcer (SGU). Proteomic
analysis elucidated the nervous system molecular targets of SGU.

Citation: Gong SN, Zhu JP, Ma YJ, Zhao DQ. Proteomics of the mediodorsal thalamic
nucleus of rats with stress-induced gastric ulcer. World J Gastroenterol 2019; 25(23): 29112923
URL: https://www.wjgnet.com/1007-9327/full/v25/i23/2911.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i23.2911

INTRODUCTION
Stress can cause behaviour, immune, and neural responses, and intense and persistent
stress responses could lead to a wide range of physiological and psychological
dysfunctions in the body [1-3] . Restraint water-immersion stress (RWIS) can cause
serious gastrointestinal dysfunction and has been widely used to study the underlying molecular mechanisms of stress-induced gastric ulcer (SGU) and to screen
potential curative drugs[4,5]. The primary central mechanism through which brainstem
circuits regulate gastric function under normal physiological conditions has been
fundamentally clarified[6-8], and the peripheral regulatory mechanism of gastric ulcers
induced by RWIS has also drawn much attention[9-12]. Previous studies have reported
that neuronal hyperactivity of vagal parasympathetic efferents, which mostly
originate in the primary gastrointestinal control centre of the central medulla (mainly
in the dorsal motor nucleus of the vagus and partly in the nucleus ambiguous) and
are further mediated by the higher central-anterior hypothalamus (mainly the
paraventricular nucleus and supraoptic nucleus), leads to gastric dysfunction[13-15]. In
addition, we previously found that catecholaminergic, vasopressinergic, and
oxytocinergic neurons might be associated with gastric ulcers induced by RWIS[16-18].
The brain nuclei and neurotransmitters or hormones involved in RWIS are shown in
Table 1[10,11,13-15,19,20]. However, we have not yet retrieved relevant papers that discuss
the effects of proteomic changes on the brain of rats during exposure to RWIS.
The mediodorsal thalamic nucleus (MD) has complex connections with the
prefrontal cortex and subcortical structures[21-26], and previous studies have revealed
that the MD is the integration centre of visceral and physical activity and is involved
in the modulation of emotion[27-31], cognition, and memory[32-36]. We previously found
that the expression of Fos, which is used as a marker of neuronal activity, is
significantly increased in the MD of rats after 2 h of RWIS[37]. Hence, the role of the
MD during RWIS needs to be studied. A comparative proteomic analysis of RWISexposed and control rats might not only shed light on the role of the MD in gastrointestinal dysfunction induced by RWIS but also contribute to the detection of
proteomic differences and the identification of targets for more specific therapies.
The combination of isobaric tags for relative and absolute quantitation (iTRAQ)
with multidimensional liquid chromatography and tandem mass spectrometry
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Table 1 Brain nuclei and neurotransmitters/hormones involved in restraint water-immersion
stress
Nucleus

Neurotransmitter or hormone

Dorsal motor nucleus of the vagus[10]
[10]

Acetylcholine[19]
Norepinephrine[13]

Nucleus ambiguous

[10]

Nucleus of solitary tract

Oxytocin[14]

Paraventricular nucleus[10]

Arginine vasopressin[14,15]

[11]

Hydrogen peroxide[20]

Supraoptic nucleus

(LC–MS/MS) analysis is one of the most sensitive proteomic technologies for
detecting and quantitatively analysing low-abundance proteins, and this approach
has been widely used to discover disease-specific targets and biomarkers for a variety
of diseases[12,38-41]. To the best of our knowledge, an iTRAQ-based approach has been
applied to study the central mechanism of gastrointestinal dysfunction induced by
RWIS. To identify dysregulated proteins in the MD, which might help to further
explore the molecular mechanisms and pathogenesis of SGU induced by RWIS, we
quantitatively compared the proteomes of control and RWIS-exposed rats using the
multiplex capability of the iTRAQ approach. The present study provided a novel
understanding of the role of the MD, and the newly identified molecular differences
might provide fundamental information for further study.

MATERIALS AND METHODS
Preparation of animals
Adult male Wistar rats, weiging 250-300 g and provided by the Experimental Animal
Center of Shandong University, Jinan, China, were housed two per cage at 22 °C ± 2
°C under a 12 h light-12 h dark cycle with free access to food and water before the
initiation of RWIS. The sxperiments were initiated at least 7 days after the animals
arrived at the facility. Prior to the experiments, rats were fasted for 24 h but allowed
access to tap water ad libitum.

Stress protocols
Twenty-four male rats, numbered from 01 to 24, were used in the stress experiments.
Twelve rats, which were selected using the random number table method, were
subjected to RWIS for 4 h (RWIS group), and the other rats were not subjected to
RWIS (control group). RWIS was performed as previously described[16]. Experiments
were performed between 8:00 morning and 12:00 afternoon. All procedures were
performed according to the National Institutes of Health Guidelines for the Care and
Use of Laboratory Animals and were approved by the Institutional Animal Care and
Use Committee of Shandong Normal University (Jinan, People’s Republic of China;
No. AEECSDNU2018003). In addition, all efforts were made to minimize the animals’
suffering and to reduce the number of animals used.

Evaluation of gastric mucosal damage
At the end of the procedure, rats were killed through a pentobarbital-Na+ injection
(100 mg/kg BW, i.p.). Stomachs were removed, placed in 1% formaldehyde solution
for 30 min, and incised along the greater curvature. Gastric mucosal lesions were
measured using the erosion index (EI)[42].

Sample collection
After brain dissection, the MD (coordinates: 2.04-3.84 mm rostral to the obex, depth of
5.0-6.0 mm below the surface of the obex, and 1.0 mm lateral to the midline) was
harvested for protein extraction (WPI, Sarasota, United States)[43]. To minimize the
individual differences of rats, every three individual samples were mixed for protein
extraction, and protein extracts were prepared in duplicate for each group.

Protein extraction and iTRAQ labelling
The sample was resuspended in approximately eight times volume of lysis buffer (4%
SDS and 100 mM HEPES (pH = 7.6) containing protease inhibitor cocktail and PMSF).
The homogenate was sonicated for 30 min on ice. After centrifugation at 25 000 g for
30 min at 4 °C, the supernatant was collected and stored at -80 °C. The total protein
concentration was measured using the BCA Kit (Trans Gen Biotech, Beijing, China).
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Equal amounts of the extracted protein were mixed according to groups and then
precipitated with acetone overnight. After the protein was resuspended in triethylammonium bicarbonate (TEAB) buffer, protein quantification was done using the
BCA Kit. The proteins were reduced by 5 mmol/L DTT at 56 °C for 30 min and
alkylated by 10 mM IAA at room temperature for 30 min. The sample was then
diluted with 50 mM ammonium bicarbonate until the concentration of urea was lower
than 1 M. Trypsin (Sigma) was added to the sample at a mass ratio of 1:50
(enzyme:protein) for 12 h. iTRAQ-8plex labelling reagents (AB Sciex) were added to
the peptide samples, which were then incubated at room temperature for 120 min.
The reaction was stopped by the addition of water, followed by concentration of the
product using SpeedVac and desalts. The purified peptides were collected and stored
at -80 °C until use.

High-pH reverse-phase fractionation and LC–MS/MS detection
The peptides were fractionated on a Waters UPLC using a C 18 column (Waters BEH,
Milford, United States, c18 2.1×50 mm, 1.7 µm). Peptides were eluted at a flow rate of
600 μL/min with a linear gradient of 5%−35% solvent B (acetonitrile) over 10 min,
with solvent A composed of 20 mM ammonium formate with pH adjusted to 10. The
absorbance at 214 nm was monitored, and a total of ten fractions were collected.
The fractions were separated by nano-HPLC (Eksigent Technologies) on a
secondary reversed-phase analytical column (Eksigent, C18, 3 µm, 150 mm × 75 µm).
Peptides were subsequently eluted using the following gradient conditions with
phase B (98% ACN with 0.1% formic acid) from 5% to 40% B (5-65 min), 40% to 80% B
(66-71 min), and 80% to 5% B (72-90 min), and total flow rate was maintained at 300
nL/min. Electrospray voltage of 2.5 kV versus the inlet of the mass spectrometer was
used. The QTOF 4600 mass spectrometer was operated in information-dependent data
acquisition mode to shift automatically between MS and MS/MS acquisition. MS
spectra were acquired across the mass range of 350-1250 m/z. The 25 most intense
precursors were selected for fragmentation per cycle with a dynamic exclusion time of
25 s.

Data processing
After product separation, all MS/MS spectra were analysed using Mascot (Matrix
Science, London, United Kingdom; version 2.3.0). Mascot was set up to search the
UniProt_rat database and was searched with a fragment ion mass tolerance of 0.1 Da
and a parent ion tolerance of 25.0 ppm. Additionally, carbamidomethylation of
cysteine and the iTRAQ 8PLEX conjugation of lysine and the N-terminus were
specified in Mascot as fixed modifications. Oxidation of methionine and iTRAQ
8PLEX conjugation of tyrosine were specified in Mascot as variable modifications.
Scaffold (version Scaffold_4.4.1.1, Proteome Software Inc., Portland, OR, United
States) was used to validate the MS/MS-based peptide and protein identifications.
Peptide identifications were accepted at a false discovery rate (FDR) of less than 1.0%
using the Scaffold Local FDR algorithm. Protein probabilities were assigned using the
Protein Proph et al[44] gorithm. Only those proteins with greater than 90% probabilities
were accepted.

Quantitative data analysis
Scaffold Q+ (version Scaffold_4.4.5, Proteome Software Inc., Portland, OR, United
States) was used to quantify the iTRAQ peptide and for protein identifications. To
determine quantitative changes, a ± 1.2-fold change in the MD of rats between the
control and RWIS groups with P < 0.05, as calculated by the Student’s t-test, was used
as the threshold for categorizing upregulated and downregulated proteins.

Bioinformatic analysis
Gene Ontology (GO) annotation and pathway enrichment analysis of all the identified
and differentially expressed proteins were implemented using the online tool DAVID
(http://david.abcc.ncifcrf.gov/). GO annotation includes biological processes (BP),
cellular components (CC), and molecular functions (MF). Ingenuity Pathway Analysis
(IPA) software (version 7.5, Ingenuity System Inc., Redwood City, CA, United States;
www.ingenuity.com) was used to identify the biological functions and signalling
pathways of the annotated differentially expressed proteins. The GO annotations
involving signalling pathways and networks were ranked based on the enrichment of
the differentially expressed proteins.

Western blot analysis
The results of the proteomic experiment were verified by Western blot analysis.
Protein extracts (30 μg) were separated by SDS-PAGE followed by electrotransfer onto
PVDF membranes (PVDF, Millipore, Bedford, MA, United States). The membranes
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were blocked with 5% non-fat dry milk in 0.01 M PBS containing 0.1% Tween-20 for 2
h at room temperature and then incubated at 4 ºC overnight with the following
primary antibodies: Anti-glycogen synthase kinase-3 beta (GSK3B) (mouse monoclonal, 47 kDa; 1:2000 dilution; Abcam plc ab93926, Cambridge Science Park,
Cambridge, CB4 0FL, United Kingdom) and anti-synaptophysin (SYN) (rabbit
monoclonal, 38 kDa; 1:1000 dilution; Abcam plc 32127). After three rinses in TBST
buffer, the secondary antibody (HPR-conjugated anti-mouse; 1/1000 dilution; Dako,
Glostrup, Denmark) was added, and the membranes were incubated for 1 h at room
temperature. After the membranes were rinsed, protein expression levels were
detected by enhanced chemiluminescence and visualized by autoradiography (ECL).
Beta-tubulin (mouse monoclonal, 54 KDa; 1:4000 dilution; Sigma) was utilized as the
loading control.

Statistical analysis
Statistical procedures were performed using SPSS 20.0 software (SPSS, Chicago, IL,
United States). The results were reported as the mean ± SEM. Statistical analyses of
the data were performed by the Student’s t-test. Differences were set as signiﬁcant at
P < 0.05.

RESULTS
Gastric mucosal damage induced by RWIS
A macroscopic analysis showed no gastric mucosal damage in the control group,
whereas scattered spotty and linear haemorrhage was observed in the gastric mucosa
of rats in the RWIS group (Figure 1). The damage index was significantly different
between the control (0.0 ± 0.0) and RWIS groups (47.5 ± 11.1) (P < 0.01).

Identification of differentially expressed proteins
Relative protein expression values were compared between the control and RWIS
groups to identify the differentially expressed proteins. This analysis indentified 2853
proteins (Table S1), including 65 unique (31 significantly upregulated and 34
downregulated) proteins that were dysregulated (fold change ratio ≥ 1.2, with P <
0.05) (Figure 2A). These upregulated proteins (e.g., cell division cycle-16, CDC16)
might be involved in cell division, and the downregulated proteins (e.g., GSK3B)
might be related to motor neuron axon guidance, nutrient delivery to the nervous
system, and neurotransmitter regulation (Table S2). Based on the premise that each
dysregulated protein was assigned at least one term, GO annotation was applied to
reveal the CC, MF, and BP of the identified proteins. Of all the dysregulated proteins,
18% (eight proteins) were annotated as cytoplasm-associated proteins, and the other
main location categories of the proteins are the extracellular exosomes, cytoplasm,
and cytosol (13%) and the nucleus, membrane, and plasma membrane (11%) (Figure
2B). The molecular functions of the dysregulated proteins are associated with poly(A)
RNA binding, ATP binding, metal binding, protein homodimerization activity, and
other processes (Figure 3A). GO annotation analysis showed that the 65 dysregulated
proteins are mainly involved in biological processes, such as response to oxidative
stress, inflammatory response, response to peptide hormones, translation, protein
phosphorylation, protein oligomerization, response to glucose, and pigmentation
(Figure 3B).

IPA network analysis of differentially expressed proteins
Because the molecular function of proteins in organisms is not accomplished by
proteins alone but rather in coordination with many biological molecules, the roles of
differentially expressed proteins were further analysed using the IPA tool according
to -log (P-value). The IPA analysis identified 123 signalling pathways, and the
highest-ranked canonical IPA pathways are shown in Table 2. Specifically, protein
kinase A signalling was found to be significantly negative. The signalling pathways of
the dysregulated proteins are mainly associated with cardiovascular system
development and function and organ morphology, which comprise the first tier. The
second tier consists of infectious diseases, digestive system development and
function, gastrointestinal disease, organismal development, and organismal injury
and abnormalities, and the third tier comprises cellular growth and proliferation,
neurological disease, and haematological system development and function. Notably,
GSK3B participates in five of the top ten most enriched pathways (Table 2) and is
related to all the above-mentioned functions. Moreover, the dysregulated proteins
were co-enriched into five networks, three of which are related to nerve signalling
pathways (Figure 4). The highest-scoring IPA network contained 34 focus molecules
and six upregulated and 10 downregulated proteins that met the significance
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Figure 1

Figure 1 Gastric mucosal damage induced by restraint water-immersion stress. A: Control group. The gastric mucosal surface was intact and smooth; B:
Stressed group. The gastric mucosal surface showed spotty and linear haemorrhages after 4 h of restraint water-immersion stress.

criterion, including GSK3B; these proteins are mostly involved in cardiovascular
system development and function, organ morphology, and neurological disease
signalling pathways (Figure 4A).

Western blot validation
According to both the GO and IPA network analyses, GSK3B was downregulated
(0.71-fold change) and might affect synaptic plasticity[45]. SYN, which is involved in
the process of synaptic neurotransmission, was not among the 2853 proteins showing
significant expression changes between the groups. The GSK3B and SYN expression
levels were validated at the protein level by Western blot, and beta-tubulin was
included as a control for protein loading quantification. As shown in Figure 5, the
protein level of GSK3B was significantly downregulated (n = 9, P = 0.037) in rats after
RWIS for 4 h, whereas the protein level of SYN did not differ between the two groups
(n = 9, P = 0.069). These results are closely consistent with the iTRAQ analysis results.
Because the proteomic and WB data are quite comparable and consistent with each
other, GSK3B might be related to the central mechanism of gastrointestinal dysfunction induced by RWIS, but the underlying molecular mechanisms need to be
further dissected.

DISCUSSION
Many previous studies focused on the peripheral and primary central regulatory
mechanisms of SGU[9-15], but little is known about the higher central mechanism[17-20,46].
This study constitutes the first analysis of the molecular differences in the MD at the
proteome level between control and RWIS-exposed rats and thus, provides further
insights into the molecular mechanisms and pathogenesis of SGU. Screening potential
curative drugs for SGU has created an urgent need to identify new targets and iTRAQ
becomes a powerful tool to explore the response in proteins to stress. Among the 2853
identified proteins, 65 were dysregulated, and these included 31 upregulated and 34
downregulated proteins. Functional analysis indentified 29 unique proteins, such as
Rab31, GSK3B, and Lynx1, and these 29 proteins were primarily related to the
nervous system, due to their involvement in synaptic vesicle exocytosis and
endocytosis, neuron morphogenesis, and particularly neuritis, which indicates that
some differences in synaptic plasticity might exist between the control and stressed
groups[47-49].
To further verify the data acquired by iTRAQ proteomics, the expression of the
downregulated protein GSK3B and the unchanged protein SYN, which are used as
specific markers to reflect changes in the synaptic plasticity of the presynaptic
terminal, was assessed by Western blot using commercially available antibodies. The
Western blot results are consistent with the iTRAQ findings. The 0-3 fold change in
expression obtained by Western blot analysis, which was notably greater than the
changes obtained in the the proteomic analysis, might be due to the cascade amplification of optical signals during the Western blot analysis for GSK3B using the
primary and secondary antibodies.
GO annotation analysis showed that the molecular functions of the 65 identified
proteins are mostly associated with protein binding, including poly(A) RNA binding
and ATP binding. RNA-binding proteins are dynamic posttranscriptional regulators
of gene expression, whereas ATP-binding proteins are known to play a fundamental
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Figure 2

Figure 2 Features of the proteomic data from rats subjected to restraint water-immersion stress for 0 h and 4 h. The data were obtained by isobaric tags for
relative and absolute quantitation shotgun analysis. A: Volcano plot indicating the changes in protein abundance in the mediodorsal thalamic nucleus between the
control and stressed rats. A total of 65 dysregulated proteins with at least a ±1.2-fold change and P < 0.05 were identified. Orange dots indicate the upregulated
proteins, and blue dots indicate the downregulated proteins; B: Subcellular localizations of the identified proteins.

role in biological processes, which indicates that synthetic and metabolic processes
undergo changes in response to RWIS. The biological processes involving the
dysregulated proteins were found to be associated with oxidative stress, inflammatory response, and protein phosphorylation, indicating that inflammatory
disorders and abnormal metabolic functions occur in rats after RWIS for 4 h.
Furthermore, some of the dysregulated proteins, such as glutathione S-transferases
(GSTs), have dehydrogenase activity, which also indicates that the organism has
evolved a mechanism that protects cells against reactive oxygen species during
exposure to RWIS, similarly to that found in response to other stressors[50-52].
According to IPA pathway analysis, the dysregulated proteins are mainly involved
in pathways related to oxidative stress, lipid and amino acid metabolism, hepatotoxicity, and kidney damage. The protein kinase A signalling pathway is the only
one of the top-ranked IPA pathways that was significantly downregulated in rats after
RWIS. This kinase signalling pathway plays a critical role in multiple cellular
processes through the post-translational phosphorylation of various proteins,
including signalling and metabolic enzymes, transcription factors, and ion channels.
The altered proteins involved in this signalling pathway include two downregulated
proteins, calcium/calmodulin-dependent kinase II (CAMK2D) and GSK3B, and two
upregulated proteins, protein tyrosine phosphatase non-receptor type 9 (PTPN9) and
cell division cycle-16 (CDC16). CAMK2, one of the most abundant protein kinases in
the brain, plays a key role in neurotransmission, synaptic plasticity, and brain synapse
development and showed neuroprotective activity both in vitro and in vivo [53,54] .
Previous studies have found that CAMK2 can be rapidly activated and then
inactivated after focal ischaemia and that the degree of inactivation is correlated with
the extent of neuronal damage[55,56]. In the present study, CAMK2D was found to be
downregulated in the stressed group, which indicates that the neurons in the MD
were damaged during the 4-h exposure to RWIS. GSK3B is the major kinase
phosphorylating tau protein and plays an important role in various physiological and
pathological processes, such as glycometabolism, cell proliferation, immune response,
inflammatory response, tumourigenesis, and neural development, degeneration, and
regeneration [57-59] . The inhibition of GSK3 activity can promote neurite regeneration[60,61]. In this study, GSK3B was found to be downregulated, which indicates
that RWIS injures neurons in the MD. However, because GSK3B can participate in
many enriched pathways involved in energy metabolism, inflammation, endoplasmic
reticulum stress, mitochondrial dysfunction and apoptosis pathways and so on, the
molecular regulatory mechanism of GSK3 in gastric stress should be further studied.
PTPN9, a cytoplasmic protein tyrosine phosphatase, is considered a marker of a
tumour suppressor [62] . CDC16 was found in eukaryotic organisms and has been
demonstrated to be involved in cell division[63,64]. The upregulation of PTPN9 and
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Figure 3

Figure 3 Features of the proteomic data from the mediodorsal thalamic nucleus of rats exposed to restraintwater-immersion-stress. The data were obtained by isobaric tags for relative and absolute quantitation shotgun
analysis. A: Gene ontology (GO) analysis of the involved molecular functions; B: GO analysis of the involved
biological processes. Only the top ten terms are shown.

CDC16 in rats after RWIS, as observed in the present study, will be an interesting
topic that should be investigated in future studies using other methods[65].
In conclusion, an iTRAQ-based quantitative proteomic approach has been applied
to detect and quantitatively analyse the alteration in the protein expression profile of
the MD of rats subjected to RWIS. RWIS-induced proteomic alterations indicate that
the neurons in the MD are disordered and show an abnormal function after 4 h of
RWIS. Because heavy metabolic activity indicates great potential for plasticity and
regeneration, the altered proteins might play important roles in cellular energy
conservation and translation regulation to prevent the synthesis of unwanted proteins
that could interfere with the cellular response to stress. Therefore, this study provides
resources for identifying the biological functions of dysregulated proteins and
dissecting pathways that could aid the identification of the molecular regulatory
mechanism of SGU. The functions of key proteins linked to gastric ulcer, e.g., GSK3B,
during RWIS should later be verified by QRT-PCR or immunoblotting, and further
functional studies using RNAi.
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Table 2 Top ten most enriched pathways indentified by an ingenuity pathway analysis of the dysregulated proteins according to –log (Pvalue)
Pathway name

-log (P-value)

Enriched dysregulated proteins

NRF2-mediated oxidative stress response

3.69

GSTM2, DNAJB1, GSK3B, CBR1, DNAJC11

EIF2 signalling

3.42

PTBP1, RPL18A, RPL3, EIF2S3, GSK3B

Fatty acid β-oxidation I

2.44

ACSL5, HSD17B4

Cysteine biosynthesis/homocysteine degradation

2.25

CBS/CBSL

Caveolar-mediated endocytosis signalling

1.77

ARCN1, ITGA6

Melatonin signalling

1.77

CAMK2D, ARAF

Integrin signalling

1.63

WASL, ITGA6, GSK3B

Protein kinase A signalling

1.62

CAMK2D, PTPN9, GSK3B, CDC16

Prostanoid biosynthesis

1.6

PTGDS

Reelin signalling in neurons

1.56

ITGA6, GSK3B

ACSL5: Long-chain acyl-CoA synthetase 5; ARAF: Serine/threonine-protein kinase; ARCN1: Archain 1; CAMK2D: Calcium/calmodulin-dependent kinase
II; CBR1: Cannabinoid receptor 1; CBS/CBSL: Cystathionine beta-synthase; CDC16: Cell division cycle16; DNAJB1: DnaJ homolog subfamily B member I;
DNAJC11: Rattus norvegicus DnaJ (Hsp40) homolog, subfamily C, member 11; EIF2S3: Eukaryotic translation initiation factor (eIF) 2 subunit 3; HSD17B4:
17β-Hydroxysteroid dehydrogenaseIV; GSK3B: Glycogen synthase kinase 3B; GSTM2: Glutathione-s-transferase μ 2; CBR1: Canine carbonyl reductase 1;
ITGA6: Integrin α6; PTGDS: Prostaglandin D2 synthase; PTBP1: Polypyrimidine tract-binding protein 1; PTPN9: Protein tyrosine phosphatase non-receptor
type 9; RPL3: Ribosomal protein L3; RPL18A: Ribosomal protein L18A; WASL: Wiskott aldrich syndrome like protein.

Figure 4

Figure 4 Key signalling pathways involving the proteins that were differentially expressed in the mediodorsal thalamic nucleu of rats exposed to restraint
water-immersion stress. A: Cardiovascular system development and function, organ morphology, and neurological disease; B: Cellular assembly and organization,
nervous system development and function, and tissue morphology; C: Cellular development, cellular growth and proliferation, and nervous system development and
function. Orange labels indicate the upregulated proteins, and blue labels indicate the downregulated proteins.
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Figure 5

Figure 5 Verification of glycogen synthase kinase-3 beta and synaptophysin expression by Western blot. After brain dissection, the proteins in the
mediodorsal thalamic nucleu were separated by SDS-PAGE, and the expression levels of glycogen synthase kinase-3 beta (GSK3B) and synaptophysin (SYN) were
detected by Western blot using antibodies against GSK3B and SYN. The bars represent the changes in the total GSK3B and SYN levels. Each value is the mean ±
SD from at least three independent experiments; aP < 0.05. The expression of GSK3B was increased in the stressed group, whereas SYN showed no significant
difference, which is in agreement with the isobaric tags for relative and absolute quantitation results.

ARTICLE HIGHLIGHTS
Research background
Stress-induced gastric ulcer (SGU) is one of the most common visceral complications after
trauma. Restraint water-immersion stress (RWIS) can cause serious gastrointestinal dysfunction
and has been widely used to study the pathogenesis of SGU to identify medications that can cure
the disease. We have focused on providing a resource for determining the molecular regulatory
mechanisms of stress-induced gastric mucosal lesion since 1990s. The mediodorsal thalamic
nucleus (MD) is the centre integrating visceral and physical activity. There is remarkable Fos
expression in the MD of rats subjected to RWIS.

Research motivation
iTRAQ becomes a powerful tool to explore the response in proteins to stress. A comparative
proteomic analysis of RWIS-exposed and control rats might not only shed light on the role of the
MD in gastrointestinal dysfunction induced by RWIS but also contribute to the detection of
proteomic differences and the identification of targets for more specific therapies.

Recearch objectives
To screen for differentially expressed proteins in the MD of the RWIS rats to further elucidate the
molecular mechanisms of SGU.

Research methods
Male Wistar rats were selected randomly and divided into two groups, namely, a control group
and an RWIS group. Gastric mucosal lesions of the sacrificed rats were measured using the
erosion index (EI) and the proteomic profiles of the MD were generated through isobaric tags for
relative and absolute quantitation (iTRAQ) coupled with two-dimensional liquid chromatography and tandem mass spectrometry (LC–MS/MS). Additionally, iTRAQ results were
verified by Western blot analysis.

Research results
A total of 2853 proteins were identified, and these included 65 dysregulated (31 upregulated and
34 downregulated) proteins (fold change ratio ≥ 1.2). Gene Ontology (GO) analysis showed that
most of the upregulated proteins are primarily related to cell division, whereas most of the
downregulated proteins are related to neuron morphogenesis and neurotransmitter regulation.
Ingenuity Pathway Analysis (IPA) analysis revealed that the dysregulated proteins are mainly
involved in the neurological disease signalling pathways. Furthermore, our results indicated that
glycogen synthase kinase-3 beta (GSK3B) might be related to the central mechanism through
which RWIS gives rise to SGU.

Research conclusions
Quantitative proteomic analysis elucidates the molecular targets associated with the production
of SGU and provides insights into the effects of the MD. The underlying molecular mechanisms
need to be further dissected.

Research perspectives
This study provides resources for identifying the biological functions of dysregulated proteins
and dissecting pathways that could aid the identification of the molecular regulatory mechanism
of SGU. The functions of key proteins linked to gastric ulcer, e.g., GSK3B, during RWIS should
later be verified by qrt-pCR or immunoblotting, and further functional studies using RNAi.
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Abstract
BACKGROUND
The digestive tract is the maximal immunizing tissue in the body, and mucosal
integrity and functional status of the gut is very important to maintain a healthy
organism. Severe infection is one of the most common causes of gastrointestinal
dysfunction, and the pathogenesis is closely related to endotoxemia and intestinal
barrier injury. Bifidobacterium is one of the main probiotics in the human body
that is involved in digestion, absorption, metabolism, nutrition, and immunity.
Bifidobacterium plays an important role in maintaining the intestinal mucosal
barrier integrity. This study investigated the protective mechanism of
Bifidobacterium during ileal injury in rats.
AIM
To investigate the effects of Bifidobacterium on cytokine-induced neutrophil
chemoattractant (CINC) and insulin-like growth factor 1 (IGF-1) in the ileum of
rats with endotoxin injury.
METHODS
Preweaning rats were randomly divided into three groups: Control (group C),
model (group E) and treatment (group T). Group E was intraperitoneally injected
with lipopolysaccharide (LPS) to create an animal model of intestinal injury.
Group T was intragastrically administered Bifidobacterium suspension 7 d before
LPS. Group C was intraperitoneally injected with normal saline. The rats were
killed at 2, 6 or 12 h after LPS or physiological saline injection to collect ileal
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tissue samples. The expression of ileal CINC mRNA was evaluated by reverse
transcription-polymerase chain reaction (RT-PCR), and expression of ileal IGF-1
protein and mRNA was detected by immunohistochemistry and RT-PCR,
respectively.
RESULTS
The ileum of rats in Group C did not express CINC mRNA, ileums from Group E
expressed high levels, which was then significantly decreased in Group T (F =
23.947, P < 0.05). There was no significant difference in CINC mRNA expression
at different times (F = 0.665, P > 0.05). There was a high level of IGF-1 brown
granules in ileal crypts and epithelial cells in Group C, sparse staining in Group
E, and dark, dense brown staining in Group T. There was a significant difference
between Groups C and E and Groups E and T (P < 0.05). There was no significant
difference in IGF-1 protein expression at different times (F = 1.269, P > 0.05). IGF1 mRNA expression was significantly different among the three groups (P < 0.05),
though not at different times (F = 0.086, P > 0.05).
CONCLUSION
Expression of CINC mRNA increased in the ileum of preweaning rats with
endotoxin injury, and exogenous administration of Bifidobacterium reduced CINC
mRNA expression. IGF-1 protein and mRNA expression decreased in the ileum
of preweaning rats with endotoxin injury, and exogenous administration of
Bifidobacterium prevented the decrease in IGF-1 expression. Bifidobacterium may
increase IGF-1 expression and enhance intestinal immune barrier function in rats
with endotoxin injury.
Key words:Bifidobacterium; Ileum; Cytokine-induced neutrophil chemoattractant; Insulinlike growth factor-1; Rats
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The purpose of this article is to investigate the effects of Bifidobacterium on
cytokine-induced neutrophil chemoattractant and insulin-like growth factor 1 (IGF-1) in
the ileum of rats with endotoxin injury. It was found that Bifidobacterium may increase
IGF-1 expression and enhance intestinal immune barrier function in rats with endotoxin
injury.

Citation: Wang W, Sun M, Zheng YL, Sun LY, Qu SQ. Effects of Bifidobacterium infantis on
cytokine-induced neutrophil chemoattractant and insulin-like growth factor-1 in the ileum of
rats with endotoxin injury. World J Gastroenterol 2019; 25(23): 2924-2934
URL: https://www.wjgnet.com/1007-9327/full/v25/i23/2924.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i23.2924

INTRODUCTION
Severe infection is one of the most common causes of gastrointestinal dysfunction,
and the pathogenesis is closely related to endotoxemia and intestinal barrier injury.
Bifidobacterium is one of the main probiotics in the human body involved in digestion,
absorption, metabolism, nutrition, and immunity to infection. In particular,
Bifidobacterium plays an important role in maintaining intestinal mucosal barrier
integrity[1]. Insulin-like growth factor 1 (IGF-1) is a polypeptide that is primarily
secreted from the liver, but it is also expressed in other organs such as the intestine,
making it part of the intestinal immune barrier [2] . This study investigated the
protective mechanism of Bifidobacterium through ileal injury in preweaning rats.

MATERIALS AND METHODS
Materials
Bifidobacterium infantis (KLDS2.0002) suspension was purchased from the Key
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Laboratory of Dairy Science of Northeast Agricultural University. Escherichia coli (O55:
B5) lipopolysaccharide (LPS) was purchased from Sigma. Immunohistochemical IGF1 rabbit anti-rat IgG (primary antibody) was purchased from Wuhan Boshide
Bioengineering Co. Ltd. (Wuhan, China), and horseradish-peroxidase-labeled IgG
(secondary antibody) and concentrated DAB kits were purchased from Beijing
Zhongshan Jinqiao Biotechnology Co. Ltd (Beijing, China). The primers for IGF-1,
cytokine-induced neutrophil chemoattractant (CINC) and β-actin were designed and
synthesized by Shanghai Shengneng Bocai Biological Technology Co. Ltd. A reverse
transcription-polymerase chain reaction (RT-PCR) kit was purchased from Promega
(Beijing, China).

Instruments
Instruments and equipment were obtained as follows: ultramicrotome (LKB, Sweden);
GIS gel image processing system (Tanon, Shanghai, China); TC-XP gene amplification
instrument (Hangzhou Bioer Technology Co. Ltd., Hangzhou, China); GE-100 gel
electrophoresis system (Hangzhou Bioer Technology Co. Ltd., Hangzhou, China);
Eclipse E800 Camera system (Nikon, Japan); CMIAS2001 Beihang Motic Image
Analysis system (Beijing Mike Audi Image Technology Co. Ltd., Beijing, China);
HFsafe 1200 biosafety cabinet (LiShen Scientific Instrument Co. Ltd., Shanghai,
China); AE200s electronic analytical balance (Mettler Toledo Instruments Shanghai
Co. Ltd., Shanghai, China); MDF-U53V 80 °C low temperature freezer (SANSY,
Japan); Neofuge 23R desktop high speed refrigerated centrifuge (Shanghai, China);
microsample feeder (Eppendorf AG, Germany); and XW-80A vortex mixer (Shanghai,
China).

Animals
Healthy 18-day-old preweaning Wistar rats (31.16 ± 6.38 g) were provided by the
Laboratory Animal Center of the Second Affiliated Hospital of Harbin Medical
University. The rats were randomly divided into three groups: Control (group C),
model (group E) and Bifidobacterium treatment (group T). The animals were sacrificed
2, 6 and 12 h after intraperitoneal injection of endotoxin (LPS) or normal saline, and
ileal samples were collected. Each group had eight preweaning rats for each time
point. Animals that died during the experiment were not included.

Bifidobacterium culture
TPY medium: 10 g casein peptone, 2.5 g yeast extract powder, 5 g glucose, 5 g soy
peptone, 1.0 g Tween 80, 0.5 g L-cysteine hydrochloric acid, 5 mL salt-mixture
solution, and 995 mL distilled water, adjusted to pH 7.2, and sterilized at 121 °C for 20
min. Salt-mixture solution: 20.0 g K2HPO4, 5.0 g MgCl2∙6H2O, 2.5 g ZnSO4∙7H2O, 1.5 g
CaCl2 and 0.5 g FeC13, added to 100 mL distilled water.
Activation of freeze-dried strains: Before activation, cryopreserved strains were
placed at room temperature for several hours. The ampoule was wiped with 70%
alcohol in a sterile room, opened, and 0.2 mL TPY medium was added. The strains
taken by sterilized platinum earrings were inoculated into TPY medium and onto
agar plates. After anaerobic incubation for 48-72 h at 37 °C, three generations were
continuously activated to enhance the viability of the strains.
Morphological observation: Platinum earrings were used to remove bacteria from a
single colony or liquid culture and then smeared onto a microscope slide for Gram
staining. The bacterial morphology was observed under the microscope. Generation
of strains: After microscopic examination, strains with good morphology and no
bacterial colonies in the solid medium were selected, and lines were drawn on TPY
solid medium. At the same time, TPY liquid medium was added to bacteria to culture
anaerobically at 37 °C for 48-72 h.
Measurement of viable bacteria: The 0.5 mL suspension was gradiently diluted 10
times with sterilized normal saline. The 0.2 mL suspension of the appropriate dilution
gradient was extracted and placed on the TPY agar plate two or three times for each
dilution gradient, and the suspension was uniformly spread out using a sterilized rod.
After ventilation in the corridor of the anaerobic incubator, the suspension was
transferred to an incubator for anaerobic cultivation at 37 °C for 48 h. Finally, bacterial
colonies were counted after the strains were grown.

Preparation of animal models
Rats in groups E and T were intraperitoneally injected with 5 mg/kg LPS (5 mg/mL
dissolved in normal saline). In group T, 0.5 mL Bifidobacterium suspension (2.0 × 109
CFU/mL) was administered intragastrically twice daily 1 wk before LPS, until the
end of the experiment. In group C, 1 mL/kg normal saline was intraperitoneally
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injected. The preweaning rats in each group were returned to their cage after
treatment and continued to receive rat’s milk.

Specimen collection
After the animals were sacrificed, the abdomen was aseptically dissected, and the
contents of the intestinal cavity were washed with ice-cold physiological saline. A
0.5–1 cm length of ileum 2–3 cm away from the ileocecal junction was removed and
fixed in 4% paraformaldehyde dissolved in 0.1 M PBS. The tissue was embedded in
paraffin and sectioned for immunohistochemical study. A 4-5 cm length of ileum 3-4
cm away from the ileocecal junction was removed and placed in an RNase-free
Eppendorf tube and stored at – 80 °C prior to total RNA extraction and RT-PCR.

Immunohistochemical detection of IGF-1 protein in ileum
The SP method (peroxidase-labeled streptomycin, and streptavidin/peroxidase) was
used for immunohistochemistry. Paraffin sections were dewaxed and washed twice
with 0.01 M PBS at pH 7.4 for 5 min. The sections were incubated in recently prepared
3% H 2 O 2 (in 80% methanol) at room temperature for 5-10 min to eliminate
endogenous peroxidase activity and washed three times in PBS for 5 min. Antigen
retrieval was performed with 1 mM EDTA (pH 9.0) under high temperature and high
pressure for 10 min. When returning to room temperature, sections were washed with
distilled water, then washed three times with PBS for 5 min, covered with 10% normal
goat serum (PBS diluted) and incubated at room temperature for 20 min to reduce
non-specific staining. Excess liquid was discarded. A total of 50 μL rabbit anti-rat IGF1 antibody (1:100) was incubated at 4 °C overnight or 37 °C for 1 hour, followed by
three washes in PBS for 5 min each. Then, 50 μL biotin-labeled secondary antibody
was incubated at 37 °C for 10-30 min, and washed three times with PBS for 5 min.
Finally, 50 μL horseradish-peroxidase-labeled streptavidin was incubated at room
temperature for 20 min and washed three times in PBS for 5 min. The sections were
stained with newly prepared diaminobenzidine color developing agent at room
temperature for 5-10 min, with the degree of dying being monitored under
microscope, then washed with distilled water for 5 min. The sections were stained
again with hematoxylin for 2 min, and washed with distilled water for 5 min. They
were differentiated by 0.1% hydrochloric acid alcohol, and washed in flowing water
for 30 min. The stained sections were dehydrated in graded series of ethanol, cleared,
and sealed with gum. For the negative controls, PBS was used in place of the rabbit
anti-rat IGF-1 primary antibody. The other steps were the same as above, excluding
non-specific staining.
Homogeneous brown staining was considered positive. For immunohistochemical
analysis, five to eight stained sections were selected for each time point. Five nonoverlapping views were randomly selected under light microscopy (× 400), and the
optical density of each view was measured by Nikon Eclipse E800 Image Acquisition
System and Beihang Motic Pathological Image Analysis System.

RT-PCR for detection of IGF-1 and CINC mRNA in ileum
For total RNA extraction, ileal tissues preserved at –80 °C were ground in liquid
nitrogen under aseptic conditions, then poured into an Eppendorf tube. TRIzol
Reagent (50-200 mg tissue/mL TRIzol) was added to the ileal tissues for 5 min at
room temperature to facilitate dissociation of nucleic acid–protein complexes. Protein
and DNA were removed by addition of 0.2 mL chloroform, and the supernatant was
extracted by rapid vibration and centrifugation at 12000 rpm at 4 °C for 15 min.
RNA was precipitated by addition of 0.5 mL isopropanol. After mixing and
incubating at room temperature for 10 min, the samples were centrifuged at 12000
rpm at 4 °C for 15 min. The supernatant was discarded, and the precipitate was
resuspended in 1 mL 75% ethanol (prepared in 0.1% DEPC water) and centrifuged at
7500 rpm at 4 °C for 5 min. The supernatant was discarded and dried for 5-10 min.
The RNA was dissolved in RNase-free DEPC-treated water to a volume of 20 mL,
mixed, and stored at – 20 °C.
For reverse transcription into cDNA, 2 μL RNA was added to the total reaction of
20 μL. The reverse transcription reaction solution was prepared as follows: 2 μL 10 ×
buffer, 4 μL MgCl2 (25 mM), 2 μL dNTP (10 mM), 0.5 μL RNase, 0.7 μL AMV (22
U/μL), 1 μL oligo-dT 15 (50 μM), 2 μL total RNA and 7.8 μL enzyme-free water. The
reverse transcription reaction was carried out at 42 °C for 15 min, 95 °C for 15 min,
and 0-5 °C for 5 min. The cDNA concentration was determined by ultraviolet
spectrophotometry.
Amplification of CINC, IGF-1 and β-actin was as follows: CINC, primer sequence:
5′-TGA GCT GCG CAG TCA GTG CCT GCA-3′, antisense primer sequence: 5′-ACA
CCC TTT AGC ATC TTT TGG ACA-3′. The length of product was 390 bp. IGF-1,
primer sequence: 5′-GCT GCC ACT TGG ATC GCT ATT C-3′; antisense primer
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sequence: 5′-CGT CCC GGG TCG TTT ACA CA-3′. The length of product was 300 bp.
β-actin, primer sequence: 5′-CAT CTG CTG GAA GGT GGA CA-3′; antisense primer
sequence: 5′-GAG AGG GAA ATC GTG CGT GAC-3′. The length of product was 452
bp.
The total reaction system volume was 25 μL, with 2 μg cDNA (the volume of cDNA
was calculated according to the cDNA concentration of each sample); each reaction
system was brought to 25 μL with enzyme-free water. Other specific components and
volumes were as follows: 1.0 μL MgCl2 (50 mM), 2.5 μL 10 × buffer, 0.5 μL dNTPs (10
mM), and 0.5 μL Taq polymerase (5 U/μL). The amplification conditions for CINC
were: 94 °C for 5 min; 35 cycles of 94 °C for 30 s, 55 °C for 30 s and 72 °C for 30 s; then
72 °C for 7 min. The amplification conditions for IGF-1 were: 94 °C for 5 min; 35 cycles
of 94 °C for 30 s, 55 °C for 30 s and 72 °C for 30 s; then 72 °C for 7 min. The
amplification conditions for β-actin were: 94 °C for 5 min; 30 cycles of 94 °C for 30 s,
56 °C for 40 s and 72 °C for 22 s; then 72 °C for 7 min.
For semi-quantitative analysis of PCR products, PCR reaction products (3-5 μL)
were mixed with ethidium bromide and subjected to 2% agarose gel electrophoresis.
The PCR products were quantified by ImageJ analysis, and β-actin was the internal
reference for RNA detection. The relative expression of genes = optical density of
tested genes/intrinsic optical density.

Statistical analysis
Statistical analyses were performed using SPSS version 21.0 software. The results
were expressed as mean ± SD. The variance analysis of factorial design was used for
statistical analysis. P < 0.05 was considered statistically significant.

RESULTS
CINC mRNA expression in ileal tissue
CINC mRNA was not expressed in group C at any time examined. There was a
significant difference between groups T and E (F = 23.947, P < 0.05). There was no
significant difference in expression within a group at different time points (F = 0.665,
P > 0.05) (Figures 1 and 2).

IGF-1 protein expression in ileal tissue
There was some IGF-1 expression in group C at every time point examined. There
were more brown granules in the intestinal crypts and epithelial cells compared to the
other groups. The brown staining became faint and sparse in group E. The brown
staining became dark and dense in group T. There was no significant difference in
staining at different time points (F = 1.269, P > 0.05), although there were significant
differences among groups (F = 32.463, P < 0.05). Further analysis showed significant
differences between groups C and E and groups E and T (P < 0.05) (Figures 3-7).

IGF-1 mRNA expression in ileal tissue
IGF-1 mRNA was highly expressed in group C. There was no significant difference in
expression at different times (F = 0.086, P > 0.05), although there were significant
differences between groups (F = 46.670, P < 0.05). Further analysis revealed that there
was a significant difference between groups C and E, groups C and T, and groups E
and T (P < 0.05) (Figure 8).

DISCUSSION
Gastrointestinal dysfunction plays an important role in the development of multiple
organ dysfunction syndrome (MODS). The intestine is one of the target organs injured
in MODS, and it plays an important role in initiating MODS, in which intestinal
mucosal barrier damage is a key factor. Bacterial or endotoxin translocation is closely
related to excessive growth of opportunistic pathogens in the intestine, weakened
intestinal immunity, and intestinal mucosal damage[3]. The intestinal flora is a key
component of the mechanical, immune and biological barriers of the intestinal
mucosa, as it plays a key role in preventing bacterial or endotoxin translocation.
Bifidobacterium is one of the main components of the intestinal mucosal barrier and
is one of the main probiotics in the human body. It is involved in digestion,
absorption, nutrition, metabolism, anti-infective immunity, and especially in
maintaining the integrity of the intestinal mucosal barrier. The digestive tract is the
largest bacterial habitat in the body. The micro-ecological stability of the intestine can
be destroyed by fasting, antacids or antibiotics in critically ill patients, which can
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Figure 1

Figure 1 Optical density ratio of cytokine-induced neutrophil chemoattractant mRNA/β-actin mRNA in ileal
tissue (mean ± SD).

disrupt the stability of the intestinal micro-ecology. Consequently, intestinal flora
imbalance is the primary cause of bacterial translocation and intestinal infection. It
has been reported that Bifidobacterium has an effect on rotavirus enteritis[4] and can
prevent necrotizing enterocolitis in premature rats[5,6], where it has been shown to
have a therapeutic effect on necrotizing enterocolitis[7,8]. Bifidobacterium also improves
immunity and the inflammatory response in weaning rats with colitis[9], and there has
been an increased research focus on the effects of Bifidobacterium on metabolic
syndrome [10-15] . In recent years, Bifidobacterium has been used to prevent cardiac
damage [16] , and its effect on the immune state in early life has been studied [17] .
However, the intestinal protective mechanism of Bifidobacterium has not been entirely
elucidated.
In inflammatory reactions, neutrophils in the blood must be activated after entering
tissue spaces through capillary walls, where they then exert their biological effects.
Neutrophil chemotaxis is mediated by CINC, a murine chemotactic cytokine similar
to human interleukin-8. CINC-1 expression is increased in rat models of ulcerative
colitis[18], intestinal and lung ischemia/reperfusion models and endotoxin injury
models[19,20]. CINC-1 expression in the lung tissue of rats is increased by endotoxin[20,21]
and chronic intermittent hypoxia[22].
In the present study, there was no significant CINC mRNA expression in the ileum
of group C rats at any time point examined. CINC mRNA expression was high at 2
and 6 h in group E, which meant that the model of intestinal injury was successful.
CINC mRNA expression in the ileum of rats in group T was significantly decreased
compared to group E (P < 0.05), which indicated that Bifidobacterium relieved ileal
inflammation and protected the rat intestine.
IGF-1 is a multifunctional cellular regulatory factor that is mainly secreted by the
liver. Thus, the liver is the main source of circulating IGF-1, but IGF-1 is also expressed in other tissues including the intestine, condylar cartilage cells in rats[23], T
lymphocytes in mice dendritic epithelia [24] , brain tissue of rats [25,26] , placenta of
pregnant mice[27-29], and colonic smooth muscle cells in diabetic rats[27]. IGF-1 plays a
role in cell growth [30-32] , differentiation [33,34] and metabolism [35] . One recent study
focused on continuous IGF-1 expression in the intestine in a rat model of short bowel
syndrome[36]. Other studies have shown that exogenous IGF-1 improved intestinal
barrier function in rats with cirrhosis[37] or acute necrotizing pancreatitis[38], where
survival rates have been significantly improved by minimal invasive
interventions [39-43] . How IGF-1 is expressed during intestinal infection and how
Bifidobacterium affects that expression have not been reported.
In this study, IGF-1 protein and mRNA expression in the ileum decreased after
intraperitoneal injection of endotoxin, as reported previously [44] . Intragastric
administration of Bifidobacterium increased IGF-1 protein and mRNA expression,
indicating that IGF-1 plays an important role in the recovery of ileal mucosal damage.
Bifidobacterium may enhance the immunological barrier function of the intestine by
inhibiting local inflammatory responses and increasing IGF-1 expression.
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Figure 2

Figure 2 Cytokine-induced neutrophil chemoattractant mRNA expression in ileal tissue. M: DNA marker; C: Group C; E1–3: Group E 2 h, 6 h, and 12 h,
respectively; T1–3: Group T 2 h, 6 h, and 12 h, respectively; 390 bp: Expected size of cytokine-induced neutrophil chemoattractant RT-PCR product.
Figure 3

Figure 3 Immunohistochemical density of insulin-like growth factor 1 in the ileum (mean ± SD).
Figure 4

Figure 4 Insulin-like growth factor 1 expression in the ileum of group C, showing a large number of brown granules in the intestinal crypt and epithelial
cells (× 400).
Figure 5

Figure 5 Expression of insulin-like growth factor 1 in the ileum of Group E and T at 2 h. A: Expression of insulin-like growth factor 1 in the ileum of group E at 2
h, showing many brown-staining granules in the intestinal epithelial cells (× 400); B: Expression of insulin-like growth factor 1 in the ileum of group T at 2 h, showing
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many brown-staining granules in intestinal crypt and epithelial cells (× 400).
Figure 6

Figure 6 Expression of insulin-like growth factor 1 in the ileum of group E and T at 6 h. A: Expression of insulin-like growth factor 1 in the ileum of group E at 6
h, showing faint brown-staining granules in the intestinal epithelial cells (× 400); B: Expression of insulin-like growth factor 1 in the ileum of group T at 6 h, showing
many densely distributed brown-staining granules in the intestinal crypt and epithelial cells (× 400).
Figure 7

Figure 7 Expression of insulin-like growth factor 1 in the ileum of group E and T at 12 h. A: Expression of insulin-like growth factor 1 in the ileum of the group E
at 12 h, showing faint and sparse brown-staining granules in the intestinal epithelial cells (× 400); B: Expression of insulin-like growth factor 1 in the ileum of group T at
12 h, showing diffuse and dense distribution of brown-staining granules in intestinal crypt and epithelial cells (× 400).
Figure 8

Figure 8 Optical density ratio of insulin-like growth factor 1 mRNA/β-actin mRNA in the ileum (mean ± SD).

ARTICLE HIGHLIGHTS
Research background
Severe infection is one of the most common causes of gastrointestinal dysfunction, and its
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pathogenesis is closely related to endotoxemia and intestinal barrier injury.

Research motivation
Bifidobacterium plays an important role in maintaining the integrity of the intestinal mucosal
barrier.

Research objectives
This study investigated the protective mechanism of Bifidobacterium during ileal injury in rats.

Research methods
Using endotoxin injured rat models, ileal cytokine-induced neutrophil chemoattractant (CINC)
mRNA expression was evaluated by reverse transcription-polymerase chain reaction (RT-PCR),
and expression of ileal insulin-like growth factor 1 (IGF-1) protein and mRNA was detected by
immunohistochemistry and RT-PCR, respectively.

Research results
There was a significant difference in CINC mRNA expression between the different groups (P <
0.05). There was a significant difference in IGF-1 brown granule expression among the different
groups (P < 0.05), and expression of IGF-1 mRNA significantly differed among the three groups
(P < 0.05)

Research conclusions
Bifidobacterium may increase IGF-1 expression and enhance intestinal immune barrier function in
rats with endotoxin injury.

Research perspectives
This study can provide a new therapeutic tool and theoretical support for gastrointestinal dysfunction.
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Abstract
BACKGROUND
Clinically significant portal hypertension (CSPH) and severe portal hypertension
(SPH) increase the risk for decompensation and life-threatening complications in
liver cirrhosis. Pathologic angiogenesis might contribute to the formation of these
conditions. Placental growth factor (PlGF) and Nogo-A protein are biomarkers of
pathological angiogenesis, but data on their role in liver cirrhosis and portal
hypertension is scarce.
AIM
To determine plasma levels of PlGF and Nogo-A in patients with liver cirrhosis,
CSPH, SPH and potential to predict portal hypertension.
METHODS
A cohort of 122 patients with hepatitis C virus and/or alcohol-induced liver
cirrhosis with characterized hepatic venous pressure gradient (HVPG) were
included in the study. Demographic data, medical history, Child-Turcotte-Pugh
and Model of End Stage liver disease score, clinical chemistry, liver stiffness
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values were recorded on the day of the procedure prior HVPG measurement. The
degree of portal hypertension was determined by the invasive HVPG
measurement. Nogo-A and PlGF plasma levels were evaluated using enzyme
linked immunosorbent assay. The control group consisted of 30 healthy age- and
sex- matched individuals.
RESULTS
Peripheral PlGF levels were higher and Nogo-A levels were lower in patients
with liver cirrhosis (23.20 vs 9.85; P < 0.0001 and 2.19 vs 3.12; P = 0.004
respectively). There was a positive linear correlation between peripheral levels of
PlGF and HVPG (r = 0.338, P = 0.001) and negative linear correlation between the
peripheral Nogo-A levels and HVPG (r = -0.267, P = 0.007). PlGF levels were
higher in CSPH and SPH (P = 0.006; P < 0.0001) whereas Nogo-A levels were
lower (P = 0.01; P < 0.033). Area under the curve for the diagnosis of CSPH for
PlGF was 0.68 (P = 0.003) and for Nogo-A - 0.67 (P = 0.01); for SPH 0.714 (P <
0.0001) and 0.65 (P = 0.014) respectively. PlGF levels were higher and Nogo-A
levels were lower in patients with esophageal varices (P < 0.05). PlGF cut-off
value of 25 pg/mL distinguished patients with CSPH at 55.7% sensitivity and
76.7% specificity; whereas Nogo-A cut-off value of 1.12 ng/mL was highly
specific (93.1%) for the diagnosis of CSPH.
CONCLUSION
Plasma PlGF levels were higher while Nogo-A levels were lower in patients with
liver cirrhosis and portal hypertension. Biomarkers showed moderate predictive
value in determining CSPH and SPH.
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Core tip: In this study, we aimed to evaluate plasma levels of angiogenesis mediators
placental growth factor and Nogo-A protein in patients with liver cirrhosis, clinically
significant portal hypertension, severe portal hypertension as well as biomarker potential
to predict clinically significant and severe portal hypertension. Higher levels of placental
growth factor have previously been associated with portal hypertension in animal
models; however, data in patients with liver cirrhosis are scarce. To date this is the first
study to evaluate Nogo-A protein levels in patients with liver cirrhosis and portal
hypertension. Furthermore, to our best knowledge this is the first study to evaluate
prognostic potential of these biomarkers to detect clinically significant and severe portal
hypertension. We believe that this study adds additional knowledge on the complex
pathogenesis of portal hypertension and might provide new insights for future research
of new diagnostic approaches and treatment targets in the field.
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INTRODUCTION
Portal hypertension (PH) is a consequence of liver cirrhosis and can cause serious lifethreatening complications. The degree of portal hypertension is one of the most
important prognostic factors for complications and decompensation of liver cirrhosis
and is defined by the hepatic venous pressure gradient (HVPG)[1]. The presence of
clinically significant portal hypertension (CSPH; HVPG ≥ 10 mmHg) increases the risk
for the formation of varicose veins and decompensation whereas severe portal
hypertension (SPH; HVPG ≥ 12 mmHg) increases the risk for variceal bleeding and
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death[1-3]. In order to optimize the care of patients with liver cirrhosis, it is essential to
detect early PH and prevent the development of CSPH or treat already present CSPH
to avoid decompensation[4]. As current options for the prevention and treatment of
CSPH are limited to attenuating splanchnic vasodilatation, new insights and deeper
knowledge about pathogenetic me-chanisms of PH and molecules involved, would
aid in search for newer and more effective treatment strategies[5].
The main pathophysiological mechanism of PH in cirrhosis is an increase in
intrahepatic vascular resistance (IHVR), mostly caused by structural changes in liver
tissue, but functional disorders of liver circulation are also important pathogenetic
factors[1]. Recent studies suggest that pathologic angiogenesis could also contribute to
an increase in IHVR, causing splanchnic hyperemia, portosystemic collateralization
and pathologic angiogenesis inside the liver, worsening an already existing PH[5-7].
Pathologic angiogenesis has been reported to result from the upregulation of
proangiogenic factors and simultaneous downregulation of angiogenesis inhibitors,
thus both stimuli might be important and contribute to the pathophysiological
mechanisms[8].
Vascular endothelial growth factor (VEGF) family has been recognized as one of
the major proangiogenic mediators associated with PH [9] in number of animal
studies[10-12] and only two small human studies[13,14] demonstrating beneficial effects on
PH when blocking VEGF signaling. However this could cause deleterious side effects,
as angiogenesis is essential for tissue healing and regeneration[5]. Placental growth
factor (PlGF), a member of the VEGF family, on the other hand could be a more
promising target as it has been reported only to enhance angiogenesis in pathological
conditions, not affecting normal tissues[15]. As a porangiogenic factor PlGF escalates
the proliferation, migration and survival of the endothelial cells, intensifies the
proliferation of the mesenchymal cells and regulates the contraction of the mural
cells[16]. The expression and function of PlGF has been addressed in several animal
studies[17,18], however data on plasma levels of PlGF in patients with liver cirrhosis,
portal hypertension and it’s complications is scarce.
Angiogenesis is a two way process including activation and inhibition of angiogenesis stimuli and a number of endogenous angiogenesis inhibitors have been
identified, some of them being associated with PH[19,20]. Nogo-A and Nogo-B proteins
are novel recently discovered angiogenesis mediators that belong to the reticulon 4
protein family. Nogo-A protein, most widely examined as a potent neurite growth
inhibitor, has never been studied in patients with liver cirrhosis or PH. Studies have
examined the expression of Nogo-A in cardiomyocytes[21], enteric nervous system[22],
in ocular diseases[23] and hepatocellular carcinoma[24]. Nogo-A has also been reported
to be a negative regulator of retinal and CNS[25,26] angiogenesis, but the effects on angiogenesis in liver diseases remains unknown. As Nogo-B protein, a splice variant of
Nogo-A, is associated with liver fibrogenesis and liver cirrhosis[27,28], angiogenesis[29,30]
and endogenous tissue repair[31], we hypothesized that Nogo-A, similarly to Nogo-B,
might be associated with liver cirrhosis and the pathogenesis of PH.
In this study we aimed to evaluate plasma levels of PlGF and Nogo-A in liver
cirrhosis patients with normal portal pressure and portal hypertension as well as in
controls. We also aimed to evaluate the potential of plasma PlGF and Nogo-A levels
as biomarkers to predict CSPH and SPH as well as complications of portal hypertension.

MATERIALS AND METHODS
Patients
The study included patients with hepatitis C virus and/or alcohol induced liver
cirrhosis who underwent a scheduled HVPG measurement or transjugular liver
biopsy in the Department of Gastroenterology, Lithuanian University of Health
Sciences from September 2015 to December 2017. A total of 290 patients were
examined, out of which 122 were included in the study. The main criteria for the
exclusion from the study were: Pre- or posthepatic causes of portal hypertension,
cardiovascular, kidney disease, diabetes, neurodegenerative diseases, active infection,
hepatocellular carcinoma or cancer of other location. We also excluded the patients
with the history of current use of beta-blockers or other vasoactive drugs. Demographic data, medical history (presence of ascites, esophageal varices), ChildTurcotte-Pugh and Model of End Stage liver disease (MELD) score, clinical chemistry,
liver stiffness (Fibroscan, Echosens, France), plasma levels of Nogo-A and PlGF,
HVPG values were recorded on the day of the procedure prior HVPG measurement.
Liver cirrhosis was diagnosed according to clinical, laboratory and radiologic data
and/or histology; the presence of portal hypertension was diagnosed by hepatic vein
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catheterization.
Thirty healthy volunteers, matched for age and sex, with normal liver enzymes and
normal liver stiffness measurements were included as controls for peripheral levels of
Nogo-A and PlGF.
The study was approved by Kaunas Region Biomedical Research Ethics Committee
(2015-08-24, No. BE-2-28, Kaunas, Lithuania). Every participant provided a written
informed consent to participate in the study and study protocol conforms to the
ethical guidelines of the 1975 Declaration of Helsinki.

Nogo-A and PlGF measurements
Peripheral blood samples were obtained on the day of the procedure. Blood samples
from the hepatic vein were obtained during the HVPG measurement in EDTA tubes.
Samples were centrifuged at room temperature in 3500 g for 10 min, plasma was
separated and stored in -80 °C for further analysis. Sandwich enzyme-linked
immunosorbent assay (ELISA) kits were used to determine Nogo-A (Elabscience,
United States) and PlGF (Abbexa LTD, United Kingdom) plasma levels, according to
manufacturers’ protocols using Sunrise TM (Tecan Trading AG, Switzerland) microplate reader with 450 nm wavelength filter and MagellanTM (Tecan Trading AG,
Switzerland) software. In each ELISA kit both controls and patients were included.

HVPG measurement
The degree of portal hypertension was determined by the invasive HVPG measurement. The procedure was performed by the same experienced radiologist
according to the standard as described by Groszmann et al[32]. At least three repeated
measurements were performed to determine free and wedged hepatic vein pressure
for calculation of HVPG. HVPG values of 1-5 mmHg were considered to represent
normal portal pressure, whereas portal hypertension was diagnosed at a HVPG ≥ 6
mmHg. HVPG ≥ 10 mmHg was considered to be CSPH and ≥ 12 mmHg-SPH.

Statistical analysis
Statistical analysis was performed using SPSS 25.0 software. Descriptive statistics are
provided as mean and standard deviation (SD), or as median and range for nonparametric data. Differences between the groups were assessed with the Student’s t
test or Mann-Whitney’s test as appropriate. Differences between three groups were
assessed by one-way ANOVA test or the Wilcoxon test, when appropriate.
Correlations were performed by means of Spearman’s correlation for PlGF and
Pearson’s correlation for Nogo-A and expressed by Spearman’s or Pearson’s coefficient. Univariate regression analysis was performed to identify the relationship of
PlGF and Nogo-A with PH and its complications. Receiver operating characteristic
(ROC) curves were created to assess the predictive values of PlGF and Nogo-A for
CSPH, SPH and complications with area under the curve (AUC), sensitivity,
specificity, positive predictive value (PPV) and negative predictive value (NPV). The
value with the best sensitivity and specificity in AUC analysis (Youden’s Index) was
chosen for further analysis. Statistical significance was established at P < 0.05 and
expressed as aP < 0.05.

RESULTS
Patient characteristics
One hundred and twenty-two patients with liver cirrhosis and 30 controls were
included in the study. Sixty-seven patients (54.9%) were male and mean age was 50.45
(± 11.13). Sixty-one (50%) patient had alcohol induced liver cirrhosis and sixty-one
(50%)-hepatitis C virus cirrhosis. Seventy-five (61.5%) patients were classified as
having Child-Pugh A, 30 (24.6%) as Child-Pugh B and 17 (13.9%) as Child-Pugh C
cirrhosis. Fourteen patients (11.5%) had normal HVPG, eighty-six (70.5 %) had HVPG
≥ 10 mmHg, of which 70 (57.4%) had HVPG ≥ 12 mmHg. Demographic, clinical and
endoscopic characteristics are displayed in Table 1. Peripheral Nogo-A and PlGF
levels were examined in 100 patients each and hepatic Nogo-A and PlGF levels were
examined in 30 patients each.

PlGF and Nogo-A plasma levels in liver cirrhosis
Median peripheral PlGF levels were higher in patients with liver cirrhosis when
compared to controls (23.20; range 14.08-37.70 pg/mL vs 9.85; range 4.88-22.72
pg/mL; P < 0.0001; Figure 1). Peripheral PlGF levels were higher in patients with
alcohol-induced cirrhosis when compared to patients with hepatitis C virus cirrhosis
(29.10; range 16.52-41.71 pg/mL vs 20.92; range 13.72-34.42 pg/mL; P = 0.049) and
both were significantly higher than in controls (9.85; range 4.88-22.72 pg/mL). Levels
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Table 1 Demographic, clinical and endoscopic characteristics of the patients and controls
Variable

Patients (n = 122)

Controls (n = 30)

Sex (male/female; %)

55/45

50/50

Age (yr; SD)

51.14 (± 9.73)

48.92 (± 15.46)

BMI (kg/m2; SD)

26.04 (± 4.63)

25.30 (± 3.51)

Etiology (N (%) of patients)
Alcohol induced cirrhosis

61 (50)

HCV cirrhosis

61 (50)

Child-Pugh class (A/B/C; %)

61.5/24.6/13.9

MELD score (SD)

11.15 (± 4.32)

TE (kPa; SD)

31.37 (± 19.79)

Ascites (% of patients)

38.5

Varices (% of patients)
Absent

45.1

F1

27

F2

18.9

F3

9

Risk signs of bleeding (N of patients)

24

HVPG (mmHg; SD)

13.70 (± 6.52)

HVPG 1-5 mmHg (% of patients)

11.5

HVPG 5-9 mmHg (% of patients)

19.7

CSPH; HVPG ≥ 10 mmHg (% of patients)

70.5

SPH; HVPG ≥ 12 mmHg (% of patients)

57.4

SD: Standard deviation; BMI: Body mass index; HCV: Hepatitis C virus; MELD: Model of End Stage Liver
Disease; HVPG: Hepatic venous pressure gradient; CSPH: Clinically significant portal hypertension; SPH:
Severe portal hypertension; TE: Transient elastography.

of PlGF at the hepatic vein did not differ significantly from those at the peripheral
vein (25.22 pg/mL, range 10.51-34.73 vs 21.22 pg/mL, range 9.48-44.87; P = 0.289).
There was a positive linear correlation between the peripheral PlGF levels and ChildPugh score (r = 0.424; P < 0.0001). Peripheral PlGF levels were increasing with the
Child-Pugh stage: in patients with Child-Pugh class A PlGF was 19.64 pg/mL (IQR:
13.38-31.42 pg/mL), in Child-Pugh class B 29.65 pg/mL (IQR: 18.95-46.29 pg/mL) and
in Child-Pugh class C 32.80 pg/mL (IQR: 28.00-49.93 pg/mL). PlGF levels were
significantly higher in Child-Pugh class B (P < 0.042) and class C (P < 0.002) when
compared to Child-Pugh class A. Positive linear correlation was also observed with
MELD score (r = 0.283; P < 0.006). PlGF levels at the hepatic vein correlated with
Child-Pugh score (r = 0.384; P = 0.036) and were significantly higher in Child-Pugh C
stage (P = 0.007), when compared to Child-Pugh A and B stage.
Mean peripheral mean levels of Nogo-A protein were lower in patients with liver
cirrhosis (2.19 ± 1.47 ng/mL) when compared to controls (3.12 ± 1.54 ng/mL; P =
0.004; Figure 2). Peripheral Nogo-A protein levels did not differ between the alcoholinduced (2.22 ± 1.59 ng/mL) and hepatitis C virus cirrhosis (2.02 ± 1.33 ng/mL; P =
0.785), however both were significantly lower than in controls (3.15 ± 1.48 ng/mL).
Peripheral levels of Nogo-A were significantly lower when compared to the levels at
the hepatic vein (1.70 ± 1.19 ng/mL vs 3.48 ± 2.27 ng/mL respect. P < 0.0001). No
significant correlation was observed between peripheral and hepatic Nogo-A levels
and Child-Pugh score as well as MELD score. Peripheral Nogo-A levels did not differ
between the Child-Pugh stage groups (Child-Pugh A 2.19 ± 1.37 ng/mL; Child-Pugh
B 1.9 ± 1.49 ng/mL and Child-Pugh C 2.17 ± 1.84 ng/mL).
To evaluate the relationship of plasma PlGF and Nogo-A levels with liver stiffness
we calculated the correlation of biomarkers with values of transient elastography (TE;
Fibroscan). Transient elastography measurements were available for 74 patients.
There was a positive linear correlation between peripheral PlGF values and TE (r =
0.364; P < 0.001), but hepatic levels of PlGF did not correlate with liver stiffness.
Peripheral Nogo-A levels did not correlate with liver stiffness.

PlGF and Nogo-A plasma levels in portal hypertension
There was a positive linear correlation between peripheral levels of PlGF and HVPG
(r = 0.338, P = 0.001, Figure 3). Hepatic PlGF levels did not correlate with HVPG.
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Figure 1

Figure 1 Peripheral placental growth factor levels in liver cirrhosis and controls. Box plot graph; boxes
correspond to the median value and interquartile range. PlGF: Placental growth factor.

Higher peripheral PlGF values were significantly associated with ascites (OR = 5.59; P
= 0.018). Linear regression revealed that an increase of PlGF by 10 points increased the
HVPG by 0.5 mmHg (P = 0.003).
Peripheral levels of PlGF were significantly higher in patients with CSPH (28.20
pg/mL; range 17.09-41.17 pg/mL) than in patients without CSPH (17.20 pg/mL;
range 10.12-26.00 pg/mL; P = 0.006), as well as in patients with SPH (29.27 pg/mL;
range 19.83-42.68 pg/mL) when compared to patients without SPH (15.39 pg/mL;
range 10.15-24.99 pg/mL; P < 0.0001). AUC for the diagnosis of CSPH was 0.68 (CI:
0.56-0.79; P = 0.003 Figure 4A) and for the diagnosis of SPH 0.714 (CI: 0.61-0.82; P <
0.0001 Figure 4B). A cut-off value of 25 pg/mL provided the most accurate sensitivity
and specificity to discriminate between patients with and without CSPH, whereas a
cut-off value of 26.8 pg/mL helped to differentiate between the patients with and
without SPH (Table 2). When classifying patients according to the cut-off values, OR
for the presence of CSPH was 4.13 (P = 0.004) and for the presence of SPH 5.58 (P <
0.0001).
There was a negative linear correlation between the peripheral Nogo-A levels and
HVPG (r = -0.267, P = 0.007, Figure 5). Hepatic Nogo-A levels did not correlate with
HVPG. Linear regression showed an increase of HVPG by 1.2 mmHg per decrease of
Nogo-A levels by 1 point (P = 0.007).
Peripheral levels of Nogo-A were significantly lower in patients with CSPH (1.96 ±
1.39 ng/mL) than in patients without CSPH (2.77 ± 1.53 ng/mL; P = 0.011), as well as
in patients with SPH (1.94 ± 1.46 ng/mL) when compared to patients without SPH
(2.57 ± 1.42 ng/mL; P < 0.033). AUC for the diagnosis of CSPH was 0.67 (CI: 0.55-0.78;
P = 0.01 Figure 6A) and for the diagnosis of SPH 0.65 (CI: 0.54-0.75; P = 0.014 Figure
6B). A cut-off value of 1.12 ng/mL yielded the most accurate sensitivity and
specificity to differentiate between patients with and without CSPH whereas a cut-off
value of 1 ng/mL helped to differentiate between the patients with and without SPH
(Table 2). When classifying patients according to the cut-off values, OR for the
presence of CSPH was 7.8 (P = 0.008) and for the presence of SPH 6.12 (P = 0.006).

PlGF and Nogo-A plasma levels and esophageal varices
Both peripheral PlGF and Nogo-A were significantly associated with esophageal
varices. Peripheral PlGF values were higher and Nogo-A levels were lower in patients
with esophageal varices when compared to patients without esophageal varices (PlGF
29.96 pg/mL; range 20.34-44.03 vs 17.73 pg/mL; range 11.76-27.97; P = 0.001; and
Nogo-A 1.94 ± 1.48 ng/mL vs 2.52 ± 1.41 ng/mL; P < 0.05, respectively). The PlGF cutoff value of 19.83 pg/mL and Nogo-A cut-off value of 2.3 ng/mL were the most
sensitive and specific in order to discriminate patients having esophageal varices.
When categorizing patients according to peripheral PlGF levels above 19.83 pg/mL,
the OR for the presence of esophageal varices was 5.25 (P = 0.0001). With peripheral
Nogo-A levels below 2.3 ng/mL, the OR for the presence of esophageal varices was
3.2 (P = 0.007). However, the levels of biomarkers did not differ between different
grades of esophageal varices (Figures 1-3).
To evaluate the esophageal varices with high risk of bleeding we selected a
separate group of patients with large (Figure 3) esophageal varices and with varices
containing red wale marks or cherry red spots on endoscopy (n = 21). Higher
peripheral PlGF levels were associated with high risk esophageal varices (OR = 7.512;
P = 0.01). AUC for the presence of high-risk esophageal varices was 0.62 (CI: 0.54-0.77)
(Table 2).
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Figure 2

Figure 2 Peripheral Nogo-A levels in liver cirrhosis and controls. Box plot graph; boxes correspond to the mean
value and standard deviation.

DISCUSSION
With growing burden on chronic liver diseases worldwide[33], the optimization of care
provided to the patients with liver cirrhosis has become a priority. According to the
Baveno VI consensus meeting the detection and treatment of early PH as well as the
prevention and timely treatment of CSPH, in order to avoid complications and
decompensation, are of utmost importance[4]. The consensus has encouraged the
search for new treatment strategies to target different pathogenetic components of
PH[4].
This prospective study was aimed to gain deeper knowledge on the molecules
involved in the abnormal angiogenesis-one of the pathogenetic components of PH.
We have demonstrated differences of proangiogenic mediator PlGF and angiogenesis
inhibitor Nogo-A plasma levels in patients with liver cirrhosis, when compared to
controls. We have also determined a clear correlation of these mediators to PH and
complications of PH. Furthermore, we have for the first time demonstrated that
plasma concentration of Nogo-A is lower in liver cirrhosis and PH, as well as the
predictive values of plasma PlGF and Nogo-A levels in diagnosing CSPH, SPH and
PH complications. This information provides further insights in the pathogenesis of
PH in liver cirrhosis and might be useful in creating new noninvasive diagnostic
models for CSPH, as it is one of the most important prognostic factors for patients
with liver cirrhosis.
Data of recent research suggests that angiogenesis plays an important role in the
development of PH by contributing to all pathogenetic processes involved in the
formation of PH and its complications: An increased intra-hepatic resistance due to
the establishment of abnormal liver angioarchitecture, portosystemic collateralization
and possibly development and maintenance of splanchnic hyperemia as well as hyperdynamic circulation[7,15,20]. This evidence supporting the role of angiogenesis in the
pathogenesis of PH arises from the animal and human studies involving a potent
proangiogenic factor-VEGF. VEGF has been shown to be overexpressed in the
splanchnic circulation in animal models of PH[11,12], an increased VEGF mediated
angiogenesis was observed in animal models as well as cirrhotic patients with PH[34,35].
PlGF is a member of VEGF family, which is upregulated in pathological tissues and
almost undetectable in healthy tissues[16], making it a perspective candidate for the
therapeutic strategies. PlGF has been identified by multiple studies as a disease
modifying agent in various organs and organ systems, including heart, muscles, skin,
solid tumors, nervous system, colon, lungs[16]. In liver PlGF has been found to be
associated with inflammation, fibrosis, angiogenesis[17,18] and portal hypertension[36-38].
The role of PlGF in portal hypertension is believed to be associated with pathological
angiogenesis and vascular maturing through the action on VEGFR-1 receptor[5,20].
Thus PlGF antibodies or PlGF knockout decreased neo-vascularization, splanchnic
blood flow and portal pressure in animal models[9,17,39]. To our knowledge only one
previous study evaluated the association of PlGF to liver cirrhosis and HVPG in
humans. Van Steenkiste et al[17] reported the increase of PlGF expression in cirrhotic
liver, increase in plasma PlGF levels in patients with alcoholic hepatitis and a linear
correlation between plasma PlGF levels and HVPG. Our findings support this
evidence as we have also observed increased plasma PlGF levels in patients with
hepatitis C virus and alcohol-induced liver cirrhosis as well as linear correlation
between plasma PlGF levels and HVPG. PlGF levels at the hepatic vein did not differ
from the levels at the peripheral vein, suggesting that PlGF levels remain stable after
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Figure 3

Figure 3 Relationship between peripheral placental growth factor levels and hepatic venous pressure
gradient. PlGF: Placental growth factor.

passing to the systemic circulation. The reason why in our study hepatic PlGF levels
did not correlate to HVPG needs further research and we are planning to explore this
phenomenon with a higher study sample. Furthermore, in our study we have
observed that plasma PlGF levels were predictors of CSPH (sensitivity 55.7%,
specificity 76.7%) and SPH (sensitivity 59%, specificity 79%) in patients with cirrhosis.
Another important finding of our study was the association of plasma PlGF levels
with high-risk esophageal varices. The cut-off value of 19.83 pg/mL predicted highrisk esophageal varices with high sensitivity 90% and high negative predictive value
94.4%. Hence plasma PlGF levels could be promising candidates for noninvasive
diagnosis of PH and help distinguish the patients with high risk for variceal bleeding.
Nogo-A is a member of reticulon 4 (RTN4) family of membrane-associated
multifunctional proteins[40]. There are three isoforms of RTN4 protein: Nogo-A, NogoB and Nogo C. Nogo-A was initially most widely studied as a neurite growth
inhibitor and was believed to be mainly expressed in the nervous system[36,41]. Apart
from the nervous system, Nogo-A was shown to be expressed in the heart tissue,
testis and liver, although in the latter the signal was considered unspecific [42] .
Furthermore, a recent study by Ramo et al[43] has reported that Nogo-A and Nogo-B
are simultaneously expressed in human hepatoma, fibroblast and neuronal cells,
concluding than none of the isoforms should be considered a cell type specific isoform
and revealed a wider range of functions for Nogo-A outside the nervous system.
Another study addressing the expression of Nogo-A in the liver was performed by
Hao et al[24], where the authors reported that Nogo-A was highly expressed in four
liver cancer cell lines in vitro and the depletion of Nogo-A protein suppressed cancer
cell proliferation. To our best knowledge, this study is the first to demonstrate the
relationship of Nogo-A with liver cirrhosis and PH in humans. Furthermore, the cutoff value of 1.12 ng/mL helped to differentiate CSPH with high specificity (93.1%)
and positive predictive value (92.9%), showing that Nogo-A might be used as a noninvasive marker for the diagnosis of CSPH. Nogo-A levels at the hepatic vein were
significantly higher than in the peripheral vein, suggesting that the protein undergoes
some metabolism processes in the systemic circulation. However to explain this
phenomenon further mechanistic studies are required.
In conclusion, plasma PlGF levels were higher and Nogo-A plasma levels were
lower in patients with liver cirrhosis and PH. Both biomarkers showed correlation
with HVPG and only moderate predictive value in determining clinically significant,
severe portal hypertension and high-risk esophageal varices.
The main limitation of our study is the lack of mechanistic studies concerning
Nogo-A protein in healthy liver tissue and cirrhotic tissue, which could better explain
the expression of the protein in healthy and diseased liver.
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Table 2 Diagnostic performance of placental growth factor and Nogo-A for clinically significant, severe portal hypertension and high-risk
varicose veins
Cut-off value1

Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

P value

PLGF

25 pg/mL

55.7

76.7

84.8

42.6

0.003

Nogo-A

1.12 ng/mL

36.6

93.1

92.9

37.5

0.01

PlGF

26.8 pg/mL

59.0

79.5

81.8

55.4

0.0001

Nogo-A

1 ng/mL

33.3

92.5

87

48

0.014

19.83 pg/mL

90.5

44.2

30.6

94.4

0.034

CSPH

SPH

High-risk varicose veins
PlGF

1

Cut-off values with most accurate sensitivity and specificity to differentiate patients with the condition from patients without the condition. PlGF:
Placental growth factor; SPH: Severe portal hypertension; CSPH: Clinically significant portal hypertension; PPV: Positive predictive value; NPV: Negative
predictive value.

Figure 4

Figure 4 Receiver operating characteristic curves showing placental growth factor prediction of clinically significant portal hypertension (A) and severe
portal hypertension (B). ROC: Receiver operating characteristic.
Figure 5

Figure 5 Relationship between peripheral Nogo-A levels and hepatic venous pressure gradient.

WJG

https://www.wjgnet.com

2943

June 21, 2019

Volume 25

Issue 23

Gelman S et al. PlGF and Nogo-A in portal hypertension
Figure 6

Figure 6 Receiver operating characteristic curves showing Nogo-A protein prediction of clinically significant portal hypertension (A) and severe portal
hypertension (B). ROC: Receiver operating characteristic.

ARTICLE HIGHLIGHTS
Research background
Portal hypertension (PH) is a consequence of liver cirrhosis and can cause serious lifethreatening complications. The degree of portal hypertension is one of the most important
prognostic factors and is defined by the hepatic venous pressure gradient (HVPG). In order to
optimize the care of patients with liver cirrhosis, it is essential to detect early PH and prevent the
development of clinically significant PH (CSPH) to avoid decompensation. As current options
for prevention and treatment of CSPH are limited to attenuating splanchnic vasodilatation, new
insights and deeper knowledge about pathogenetic mechanisms of PH and molecules involved,
would aid in search for newer and more effective treatment strategies.

Research motivation
With growing burden on chronic liver diseases worldwide, the optimization of care provided to
the patients with liver cirrhosis has become a priority. According to the Baveno VI consensus
meeting the detection and treatment of early PH as well as the prevention and timely treatment
of CSPH, in order to avoid complications and decompensation, are of utmost importance. The
consensus has encouraged the search for new treatment strategies to target different pathogenetic components of PH. Recent studies suggest that one of these alternative pathogenetic
components is pathologic angiogenesis. Pathologic angiogenesis has been reported to result from
the upregulation of proangiogenic factors and simultaneous downregulation of angiogenesis
inhibitors, thus both stimuli might be important and contribute to the pa-thophysiological
mechanisms. This prospective study was aimed to gain deeper knowledge on the molecules
involved in abnormal angiogenesis-one of the pa-thogenetic components of PH. PlGF has
previously been associated with portal hypertension in animal models; however, data in patients
with liver cirrhosis are scarce. Nogo-A protein has not been previously evaluated in patients
with liver cirrhosis and PH.

Research objectives
In this study we aimed to evaluate plasma levels of PlGF and Nogo-A in liver cirrhosis patients
with normal portal pressure and portal hypertension as well as in controls. We also aimed to
evaluate the potential of plasma PlGF and Nogo-A levels as biomarkers to predict CSPH and
SPH as well as complications of portal hypertension.

Research methods
A cohort of 122 patients with hepatitis C virus and/or alcohol-induced liver cirrhosis with
characterized HVPG were included in the study. Demographic data, medical history, ChildTurcotte-Pugh and Model of End Stage liver disease score, clinical chemistry, liver stiffness
values were recorded on the day of the procedure prior HVPG measurement. The degree of
portal hypertension was determined by the invasive HVPG measurement. Nogo-A and placental
growth factor levels in plasma were evaluated using enzyme liked im40munosorbent assay. The
control group consisted of 30 healthy age- and sex- matched individuals

Research results
We have demonstrated differences of proangiogenic mediator PlGF and angiogenesis inhibitor
Nogo-A plasma levels in patients with liver cirrhosis, when compared to controls. We have also
determined a clear correlation of these mediators to PH and complications of PH. Furthermore,
we have for the first time demonstrated that plasma concentration of Nogo-A is lower in liver
cirrhosis and PH, as well as the predictive values of plasma PlGF and Nogo-A levels in
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diagnosing CSPH, SPH and PH complications. Futher research will be addressed to evaluate
Nogo-A expression in healthy and cirrhotic liver.

Research conclusions
We have for the first time demonstrated that plasma concentration of Nogo-A is lower in liver
cirrhosis and PH, as well as the predictive values of plasma PlGF and Nogo-A levels in
diagnosing CSPH, SPH and PH complications. We believe that our study expands the
knowledge on pathologic angiogenesis and its role in the pathogenesis of PH as well as
molecules involved. We have demonstrated that indeed PH is a complicated pathology with
multiple pathogenetic pathways, which are important in optimizing the care of patients with
portal hypertension. This information provides further insights in the pathogenesis of PH in liver
cirrhosis and might be useful in creating new noninvasive diagnostic models for CSPH, as it is
one of the most important prognostic factors for patients with liver cirrhosis. We have proposed
the new hypothesis that Nogo-A protein is associated with portal hypertension and pathologic
angiogenesis. This study examined two novel non-invasive markers of portal hypertension,
which could be useful in creatinf noninvasive diagnostic models for PH, or new treatment
targets. We have demonstrated that two biomarkers of pathologic angiogenesis have moderate
predictive value in diagnosing CSPH and SPH as well as high risk esophageal varices. Our study
demonstrated that biomarkers of pathologic angiogenesis are associated with liver cirrhosis and
PH and have moderate ability to predict CSPH and SPH. These findings might be useful in
creating new noninvasive diagnostic models for PH as well as new treatment targets of PH.

Research perspectives
Future research will be directed towards gaining more detailed information about Nogo-A
protein expression in healthy and cirrhotic liver as well as further understanding of Nogo-A
protein roles outside the central nervous system. We plan to conduct mechanistic studies, using
liver cell models as well as liver tissue biopsy specimens.
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Abstract
BACKGROUND
Changes in N-linked glycosylation have been observed in the circulation of
individuals with hepatocellular carcinoma. In particular, an elevation in the level
of core fucosylation has been observed. However, the mechanisms through which
core fucose is increased are not well understood. We hypothesized that a review
of the literature and related bioinformatic review regarding six genes known to
be involved in the attachment of core fucosylation, the synthesis of the
fucosylation substrate guanosine diphosphate (GDP)-fucose, or the transport of
the substrate into the Golgi might offer mechanistic insight into the regulation of
core fucose levels.
AIM
To survey the literature to capture the involvement of genes regulating core Nlinked fucosylation in hepatocellular carcinoma
METHODS
The PubMed biomedical literature database was searched for the association of
hepatocellular carcinoma and each of the core fucose-related genes and their
protein products. We also queried The Cancer Genome Atlas Liver hepatocellular
carcinoma (LIHC) dataset for genetic, epigenetic and gene expression changes for
the set of six genes using the tools at cBioportal.
RESULTS
A total of 27 citations involving one or more of the core fucosylation-related
genes (FPGT, FUK, FUT8, GMDS, SLC35C1, TSTA3) and hepatocellular
carcinoma were identified. The same set of gene symbols was used to query the
371 patients with liver cancer in the LIHC dataset to identify the frequency of
mRNA over or under expression, as well as non-synonymous mutations, copy
number variation and methylation level. Although all six genes trended to more
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samples displaying over expression relative to under-expression, it was noted
that a number of tumor samples had undergone amplification of the genes of the
de novo synthesis pathway, GMDS (27 samples) and TSTA3 (78 samples). In
contrast, the other four genes had undergone amplification in 2 or fewer samples.
CONCLUSION
Amplification of genes involved in the de novo pathway for generation of GDPfucose, GMDS and TSTA3, likely contributes to the elevated core fucose observed
in hepatocellular carcinoma.
Key words: Liver cancer; N-linked glycosylation; Fucose; Guanosine diphosphate fucose;
Hepatocellular carcinoma
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The increased level of core fucosylated N-linked glycoproteins detected in
some patients with hepatocellular carcinoma may occur via several potential molecular
mechanisms. We report that the genes GMDS and TSTA3, which are associated with the
de novo synthesis of the fucose donor species, guanosine diphosphate fucose, can be
amplified in some hepatocellular carcinoma patients. Amplification seems to be the most
common genetic alteration affecting the genes that control the production of core
fucosylated proteins.

Citation: Norton PA, Mehta AS. Expression of genes that control core fucosylation in
hepatocellular carcinoma: Systematic review. World J Gastroenterol 2019; 25(23): 29472960
URL: https://www.wjgnet.com/1007-9327/full/v25/i23/2947.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i23.2947

INTRODUCTION
Changes in N-linked glycosylation of liver-derived serum proteins have been
associated with the development of hepatocellular carcinoma (HCC)[1-7]. Of particular
note, an increase in alpha1,6-linked core fucose modified serum proteins, both in total
as well as on individual proteins has been reported in some patients with HCC by us
and others[6,8-12]. However, there is considerable variation, with not all individuals
showing the same magnitude of glycosylation change. An understanding of the
sources of variability in core fucosylation might allow the use of such changes as
potential biomarkers for early, non-invasive detection of HCC.
In humans and other mammals, there is only a single alpha-(1,6)-fucosyltransferase
(also called alpha1-6 FucT); that enzyme attaches fucose via 1,6 linkage to the
innermost core N-acetylglucosamine[5,13,14]. This enzyme is the product of the FUT8
gene. Increases in FUT8 gene expression have been associated with HCC and liver
steatosis [15-17] . Loss of the FUT8 gene in mice is associated with reduced tumor
formation along with impaired liver regeneration[18]. However, core fucose levels can
also be affected by the level of the guanosine diphosphate (GDP)-fucose substrate
and/or its transport into the Golgi[5,13,19,20].
GDP-fucose is generated from L-fucose by two distinct pathways (Figure 1), de novo
synthesis and salvage[5,13]. In de novo synthesis, GDP-mannose is converted to GDP-4keto-6-deoxymannose by the enzyme GDP-mannose 4,6 dehydratase (GMDS). This
intermediate is converted to GDP-fucose by the bifunctional GDP-L-fucose synthetase
1 (FX)[21], encoded by the TSTA3 gene, which performs both final synthetic steps.
Alternatively, in the salvage pathway, L-fucose kinase (encoded by the gene FUK)
phosphorylates L-fucose, which is then acted upon by fucose-1-phosphate
guanylyltransferase (encoded by the gene FPGT) to produce GDP-fucose[5,13,14]. These
reactions all occur in the cytoplasm. GDP-fucose enters the Golgi complex, where the
FUT8 enzyme resides, via the membrane anchored GDP-fucose transporter 1 (encoded
by gene SLC35C1; also called FUCT1). Thus, in principle, alteration of expression of
the genes encoding any of these enzymes could affect the level of core fucosylated
proteins secreted from HCC cells into the circulation.
In this review, we describe the results of a search of the literature for reports linking
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Figure 1

Figure 1 Diagram of the proteins and precursor/product sugars involved with guanosine diphosphate-fucose
synthesis, Golgi transport and attachment of core fucose to N-linked glycoproteins. Proteins are designated by
the symbols of the genes that encode them (bold). The more dominant de novo synthesis pathway is shown at the
bottom, the salvage pathway is at the top. Diagram is based on previous studies[5,13]. GDP: Guanosine diphosphate.

any of the above mentioned proteins or genes with HCC. We also investigate possible
genetic mechanisms that could produce heterogeneity in the levels of alpha 1,6-linked
core fucose in liver-derived serum glycoproteins. The genes associated with core
fucosylation were evaluated for changes in copy number, methylation, mutation
status and mRNA expression level in the data set generated by the Cancer Genome
Atlas project, which included 373 HCC samples. This analysis has revealed several
potential mechanisms that could account for increased core fucose in the context of
HCC.

MATERIALS AND METHODS
This systematic review was conducted according to PRISMA guidelines
(http://www.prisma-statement.org/). We searched PubMed in January of 2019 for
the combination of “hepatocellular carcinoma” along with each individual HUGO
gene symbols or protein name (Table 1). We also recorded the number of citations
provided for each gene in the Uniprot database on the same date (https://www.uniprot.org/).
The molecular analyses described here use data generated by the TCGA Research
Network: http://cancergenome.nih.gov/. The Cancer Genome Atlas Project has
produced a large amount of data to detect somatic DNA mutations, DNA copy
number variations, DNA methylation alterations and changes in mRNA levels in 20
cancer types [22] . The precise amount of data, in terms of the numbers of patient
samples measured as well as the type of data available, including access to other
clinical parameters, varies with the specific set of tumor tissues. However, the amount
of data provides a rich resource for evaluating genetic changes. The HCC dataset
(Liver hepatocellular carcinoma, LIHC) used for the analyses in this report were
captured in May, 2016, prior to official publication[23]. At that time, the database
included 373 samples with mRNA data (RSEM normalized HiSeqRNASeq V2). These
represent samples collected from 371 individual patients. Copy number variation data
was based on 370 cases analyzed by Affymetrix SNP6. Methylation data was analyzed
using Illumina HumanMethylation450 bead chip. Since this data set was unpublished
at the time and designated as Provisional by TCGA, mutation data might not be
complete.

Resources used and analyses performed
Identification of genetic and epigenetic changes as well as changes in gene expression
was carried out on the LIHC dataset using the tools at the cBioportal website
(http://www.cbioportal.org/)[24,25]. The ID symbols for the six genes of interest for
core fucose production are FPGT, FUT8, FUK, GMDS, SLC35C1 and TSTA3. These
were searched individually and as a set for the presence and types of mutations, or for
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Table 1 Literature citations to core fucosylation related genes and hepatocellular carcinoma
Gene symbol

Citations (gene)

Citations (protein name)

EC2

Uniprot ID

Uniprot citations

FPGT

0

0

2.7.7.30

O14772

7

FUK

0

0

2.7.1.52

Q8NOW3

4

FUT8

16

17

2.4.1.68

Q9BYC5

15

1

GMDS

2

4

4.2.1.47

O60547

25

SLC35C1

1

1

NA

Q96A29

13

TSTA3

4

13

1.1.1.271

Q13630

12

1

The protein name searched was mannose dehydratase;
Enzyme commission; NA: Not applicable.

2

changes in copy number. The cBioportal Oncoprint tool was used to provide a graphic
summary of major genetic alterations and changes in gene expression. Increases or
decreases in mRNA level were based on a Z-score threshold of 2.0 or more standard
deviations from the mean of the reference population. The reference population was
the samples that are scored diploid for each gene.
Correlations between overall mRNA levels in the sample set were analyzed by
comparison with gene copy number, either the relative linear copy number (from
Affymetrix SNP6) or the GISTIC2.0 (Genomic Identification of Significant Targets in
Cancer) algorithm calls[26]. DNA methylation levels were measured with the Illumina
Infinium HM450 assay, expressed as beta values (ratio of methylated and unmethylated alleles) and compared with gene expression level. In the event of multiple
methylation probes per gene, the most negatively correlated with expression is
shown. The cBioportal Co-Expression tool was used to view the genes across the
samples with an expression pattern that correlated most positively or negatively with
the query gene and to extract the cytogenetic location (cytoband) of all genes.

RESULTS
Literature search strategy and results
Searching the PubMed database for “hepatocellular carcinoma” along with “core
fucose” yielded 31 references, and “hepatocellular carcinoma” along with “fucose”
produced 153. Searching PubMed revealed only a limited number of citations that
included both “hepatocellular carcinoma” and either the gene symbol or protein name
for each of the six genes encoding enzymes involved in attaching core fucose (FUT8),
generating GDP-fucose (GMDS and TSTA3 via the de novo pathway, FUK and FPGT
via the salvage pathway), or the anti-porter involved in transferring that substrate into
the Golgi (SLC35C1). For comparison, the UniProt IDs (https://www.uniprot.org/)
for each gene product and the number of references listed there also are shown in
Table 1. The enzyme commission number is provided, where pertinent.
The combination of “hepatocellular carcinoma” and “FUT8” had the most citations
with 16[15,18,27-40], with 17 references found using “fucosyltransferase 8” instead. The two
sets were mostly overlapping, but some of the latter referred only to other
fucosyltransferases, and thus were omitted, leaving only three additional relevant
citations[41-43]. Substituting the TSTA3 gene produced four hits[21,44-46], whereas searching
for the gene’s protein product, FX, returned 13 citations. However, the titles or
abstracts of the latter revealed that several used “FX” to refer to fucoxanthin, clotting
factor X or the radiologic term “Gy/fx”. Eliminating these left only four references to
the TSTA3 gene product[19-21,44], two of which were also produced by searching for the
gene symbol. Substituting GMDS produced only two citations[19,35,47,48], only one of
which was not covered in a previous search. Searching for “hepatocellular carcinoma”
and “mannose dehydratase” produced four citations. Searching for SLC35C1
produced a single citation[19]. The gene symbols FPGT and FUK produced no citations
when paired with “hepatocellular carcinoma”, nor did the names of the protein
products. Thus, removing duplicates that appeared in more than one search, we
arrived at a curated set of 27 citations involving one or more of the core fucosylationrelated genes and HCC.

Bioinformatic search and results
As a complement to the literature searches, we were interested in whether genetic
changes to these core fucose-related genes occur in liver cancer. Using the cBioPortal
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interface, the LIHC data set was queried for each of the six genes encoding enzymes
involved in attaching core fucose (FUT8), generating GDP-fucose (GMDS, TSTA3,
FUK, and FPGT), or the anti-porter involved in transferring that substrate into the
Golgi (SLC35C1). None have been causally implicated in cancer, according to the
Cancer Census (http://cancer.sanger.ac.uk/census). Using the cBioPortal's Oncoprint
tool, genome-based changes in these six genes and their expression levels were
compared for 370 patients with liver cancer (Figure 2 and summarized in Table 2).
This display provides both the number and nature of the alterations, as well as
whether these are co-occurring in the same individual patients, illustrated by
examining the vertically aligned segments. None of the total changes, when examine
for either single genes or for the panel of six, showed a significant correlation with
overall or disease-free survival (not shown). Of particular note, the trend for all genes
is toward mRNA increase versus decrease (Figure 2 and Table 2). The behavior of
each gene will be considered in the context of the role of its gene product in
producing core fucose.

De novo pathway genes
The trend toward increased gene expression in HCC is most striking for GMDS (27
samples) and TSTA3 (78 samples), with both gene products involved in the de novo
pathway for fucose synthesis. Neither gene underwent non-synonymous or
truncating mutations that would change the encoded protein. However, both genes
were scored as amplified in multiple samples: 23 for GMDS and 58 for TSTA3. Only
three samples had both amplifications. Closer examination of the GISTIC2 calls
indicated a strong bias for both genes to experience copy number gain versus loss
(Figure 3). TSTA3 showed low HM450 beta values (all < 0.01), indicating a low level
of methylation, which correlated negatively with mRNA levels (Spearman, r = -0.425)
In contrast, GMDS showed more variable methylation levels (0.3-1.0), which were
negatively correlated with mRNA level (Spearman, r = -0.363).
We queried the LIHC dataset using the cBioportal Co-expression tool to identify
genes whose expression pattern across the patient set correlated with that of either
GMDS or TSTA3, with the goal of better understanding the basis for the
amplifications. The top 10 ranked genes with similar expression patterns are listed in
Tables 3 and 4. We see a tendency for the top co-expressed genes to be located near to
the GMDS and TSTA3 genomic loci, which lie at chromosomal intervals 6p25 and
8q24.3, respectively. Chromosomal rearrangements resulting in copy number gain are
likely occurring in those vicinities.

Salvage pathway genes
FUK and FPGT form the salvage pathway for fucose synthesis, which in general
contributes less GDP-fucose than the de novo pathway. The FUK gene was altered in
5% of patients, with two amplifications, mRNA upregulation in 13 and
downregulation in 3 (Figure 2, Table 2). No mutations that would affect the encoded
protein were detected. There was a trend toward shallow deletion (single copy loss)
versus gain (Figure 4). In general, the gene appears to be highly methylated, with
almost all beta-values falling between 0.9-1.0. The FPGT gene was altered in 7% of
samples, with 15 upregulated and 6 downregulated (Figure 2, Table 2). There were
two distinct non-synonymous point mutations, one amplification and one deep
deletion. As with FUK, there was a trend toward shallow deletions versus gains
(Figure 4). HM450 beta-values were almost all < 0.10, indicating little methylation.
The ten genes whose expression correlated most highly with FUK and FPGT are
shown in Tables 5 and 6, respectively. The FUK gene is located at chromosome
16q22.1, and all ten genes also map to 16q, with the majority mapping to 16q22.1. The
FUK gene shows 152 samples with shallow deletion/hemizygosity (Figure 4), and
only 25 samples exhibiting an increase in copy number, with the majority of 187 being
called as diploid. Table 6 shows the ten genes that correlate most highly with FPGT;
FPGT maps to chromosome 1p31.1, and the majority of the ten genes map to 1p31.
Thus, for both salvage pathway genes, there is a trend toward copy number loss,
despite little evidence of mRNA down-regulation.

GDP-fucose transport and transferase genes
The final two genes encode the GDP-fucose transporter SLC35C1 and the
fucosyltransferase FUT8. SLC35C1 is altered in 22 cases (6%), with two amplifications,
two non-synonymous mutations and 18 samples with mRNA upregulation (Figure 2
and Table 2). Methylation was strongly negatively correlated with mRNA level over a
broad range of beta values ranging from 0.1 to 0.9 (Spearman, r = -0.687). This data
suggests that differential DNA methylation might play a major role in determining
the expression level of the SLC35C1 GDP-fucose transporter protein.
The SLC35C1 gene is located at chr. 11p11. Of the ten genes with expression pattern
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Table 2 Summary of mutational and expression data for core fucose related genes
GMDS

TSTA3

FPGT

FUK

FUT8

SLC35C1

Total changes (%)

13

29

7

5

6

6

mRNA up

27

78

15

13

21

18

mRNA down

0

0

6

3

0

0

Non-synonymous or truncating mutation

0

0

2

0

1

2

Copy increase

23

58

1

2

3

2

Deep deletion

3

0

1

0

2

0

most similar to SLC35C1 only one, DKFZP779M0652, maps to the same chromosomal
interval (Table 7); the rest lie on different chromosomes. This predicted gene is
immediately adjacent to SLC35C1 and may encode a lncRNA (ENSG00000205106).
Apart from this exception, it seems unlikely that CNV plays a major role in
influencing SLC35C1 expression levels. There are approximately an equal number of
shallow deletions and presumably single copy gains (Figure 5).
FUT8, which encodes the enzyme directly responsible for attachment of core
fucose, was found to have a low level of genetic alteration, with only 6% of samples
exhibiting changes, mostly upregulation of mRNA levels, with a single exome
mutation resulting in protein truncation (Figure 2 and Table 2). There were also three
instances of apparent amplification and two of deep deletion. There is a trend toward
shallow deletion versus low level copy number gain (Figure 5). Almost all samples
exhibited low beta-values, with only 12 samples > 0.2 and the rest clustered at about
0.1, suggesting a low level of DNA methylation of FUT8 (Spearman, r = 0.232). FUT8
is at located chromosomal interval 14q23.3; none of the ten genes whose expression
pattern correlated most highly with FUT8 localize to chromosome 14 (Table 8).

DISCUSSION
Search of the literature revealed little information about most of the genes involved in
core fucosylation in the context of HCC (Table 1). The majority of citations recovered
involved FUT8. As described in the Introduction, increased FUT8 gene expression has
been observed to be increased in HCC, but not consistently, and it has been difficult to
correlate mRNA expression with actual fucosylation changes occurring in tumors. The
protein FX, the product of the TSTA3 gene, also has been reported as elevated in
HCC, along with the proteins GMDS and FPGT, with less consistent elevation of
FUT8[20]. It is thought that increased GDP-fucose substrate availability could also lead
to increased core fucosylation. A previous study examined the mRNA expression
levels of GMDS, FUK, FPGT, TSTA3 (FX) and SLC35C1 (GDP-Fuc Tr) in a small
number of HCC samples[19]. They found a trend toward elevation of SLC35C1 and
TSTA3 mRNAs in HCC versus other liver diseases, with considerable sample-tosample variation. However, it was not possible to deduce the molecular basis for the
observed expression changes.
Numerous genes have been reported to be altered in genomic analyses of liver
cancers [49-51] . We sought to assess whether genome level changes to core fucoseassociated genes might account for the increase of that post-translational modification
that has been observed in some HCCs. Amplification of TSTA3 occurred in 58 tumors
out of the 370 analyzed (16%). The tendency for amplification and thus
overexpression of genes in the 8q24 chromosomal region could be driven by one or
more other genes present within or near this interval, which lies at the distal terminus
of chromosome 8q. Notably, MYC is present about 15 MB away at 8q24.2. MYC has
been repeatedly implicated as amplified in a subset of HCCs[23,50,52,53]. Indeed, the
publication describing the comprehensive analysis of the dataset used here noted that
8q exhibited frequent copy number gains[23]. Use of the Oncoprint and Plots tools at
cBioPortal revealed high concordance of the GISTIC calls at TSTA3 and MYC, with
95% of the samples with TSTA3 amplification also displaying MYC amplification; 89%
of MYC amplified sampled showed TSTA3 amplification. Thus, it seems reasonable to
hypothesize that TSTA3 is a passenger gene, affected by known driver oncogene
MYC. However, there are many other genes within this fairly large chromosomal
interval.
Changes at 6p25 in the vicinity of GMDS have previously been reported in a subset
of HCC cases[53,54]. Using the UCSC Genome Browser reveals that the gene FOXC1 is in
very close proximity to GMDS. FOXC1 has been linked to multiple cancers, including
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Figure 2

Figure 2 Oncoprint display of genetic events and gene expression changes in liver hepatocellular carcinoma samples for the six genes involved in
generating core fucose. Alterations for each gene are indicated in each horizontal row, with the order of the genes in the display chosen randomly. Data for each
individual patient sample is aligned vertically. Only the 185 affected samples are displayed; the other 188 showed no changes above thresholds. The types of
alterations detected are indicated by the key at the bottom. Data was generated as described in the materials and methods.

HCC[55]. Elevated expression of the nearby genes SERPINB1 and SERPINB6 also has
been linked with HCC[56]. Using the Oncoprint tool demonstrates that all three genes
are elevated in 21 of the 23 samples with amplification of GMDS (data not shown). It
is unknown whether GMDS is a simply a passenger in these amplifications, and what
the specific driver(s) might be.
As to FPGT, there are no reports in the literature associating specific deletions or
amplifications at 1p31.1 with HCC (based on searching PubMed for "hcc 1p31.1"), so
the significance of the deletions detected at this chromosomal interval remains
unclear. Abnormal methylation preceding allele loss at 16q22.1 has been associated
with chronic liver disease [57] . A similar phenomenon might explain the high
methylation rate at FUK, with subsequent copy number loss in a subset of the HCC
samples.
Finally, neither FUT8 or SLC35C1 appear to be associated with copy number
variation occurring with any frequency, with fewer than 1% of samples showing
alterations, despite the elevation in expression of each gene in a subset of tumors.
Changes in gene expression may relate more to transcriptional regulation, perhaps
due to changing levels of transcription factors, or to mutations occurring in nonprotein coding regions.
In conclusion, this was not intended as a comprehensive review of the HCC
literature, but was narrowly focused on core fucose related genes in HCC. The
increase in core fucosylated proteins observed in patient serum samples may be
driven most often by amplification of the genes of the de novo GDP-fucose synthesis
pathway, especially TSTA3. The data do not allow us to distinguish between a driver
versus a passenger gene role, although the latter seems more likely. Alterations to the
expression or copy number of the other core-fucose related genes likely account for a
smaller subset of patients that exhibit enhanced core fucosylation. It will remain to be
seen if these same trends are reflected in the relative levels of these individual
proteins; it has been reported that GMDS protein levels are not well correlated with
mRNA levels[19]. It is also not clear if there are actually elevated levels of GDP-fucose
as a consequence of TSTA3 amplification, although it has been reported previously
that elevated levels of the FX protein correlate with an increase in GDP-fucose[20]. In
summary, we have identified multiple mechanisms that are likely to influence the
extent of core fucosylation of the N-linked glycoproteins found in the blood of
individuals with HCC.
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Table 3 Genes with expression patterns that correlate positively with the GMDS gene
Gene symbol

Cytoband

Spearman score

FLOT1

6p21.3

0.43

SLC39A7

6p21.3

0.38

FKBPL

6p21.3

0.36

SERPINB1

6p25

0.36

PSMG4

6p25.2

0.36

IFT43

14q24.3

0.36

VARS

6p21.3

0.36

KDELR1

19q13.3

0.35

CLIC1

6p21.3

0.35

TRIM27

6p22

0.35

Table 4 Genes with expression patterns that correlate positively with the TSTA3 gene
Gene symbol

Cytoband

Spearman score

SHARPIN

8q24.3

0.67

HGH1

8q24.3

0.68

FBXL6

8q24.3

0.68

EXOSC4

8q24.3

0.65

VPS28

8q24.3

0.65

HSF1

8q24.3

0.63

COMMD5

8q24.3

0.62

CYC1

8q24.3

0.62

MAF1

8q24.3

0.61

GPAA1

8q24.3

0.61

Table 5 Genes with expression patterns that correlate positively with the FUK gene
Gene symbol

Cytoband

Spearman score

TMEM208

16q22.1

0.65

COG4

16q22.1

0.65

PRMT7

16q22.1

0.61

PSMD7

16q22.3

0.60

TRADD

16q22

0.59

WWP2

16q22.1

0.59

MTHFSD

16q24.1

0.58

CHMP1A

16q24.3

0.58

TCF25

16q24.3

0.58

ATP6V0D1

16q22.1

0.58
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Table 6 Genes with expression patterns that correlate positively with the FPGT gene
Gene symbol

Cytoband

Spearman score

IPP

1p34-p32

0.7

ZZZ3

1p31.1

0.63

EPS15

1p32

0.62

PKN2

1p22.2

0.62

ATG4C

1p31.3

0.6

GPBP1L1

1p34.1

0.59

LEPROT

1p31.3

0.59

PIGK

1p31.1

0.59

LRRC40

1p31.1

0.58

FAM73A

1p31.1

0.58

Table 7 Genes with expression patterns that correlate positively with the SLC35C1 gene
Gene symbol

Cytoband

Spearman score

LRG1

19p13.3

0.56

DKFZP779M0652

11p11.2

0.55

NAMPT

7q22.3

0.55

CRP

1q23.2

0.52

FNDC4

2p23.3

0.51

GLRX

5q14

0.51

LBP

20q11.23

0.51

TGM2

20q12

0.49

MGAT4B

5q35

0.48

CREB3L3

19p13.3

0.48

Table 8 Genes with expression patterns that correlate positively with the FUT8 gene
Gene symbol

Cytoband

Spearman score

IQGAP1

15q26.1

0.71

HACD4

9p21.3

0.71

APOBEC3C

22q13.1

0.69

ELF4

Xq26

0.68

HAPLN3

15q26.1

0.68

TRERF1

6p21.1-p12.1

0.68

WIPF1

2q31.1

0.67

RAB31

18p11.3

0.66

FMNL3

12q13.12

0.66

SYT11

1q21.2

0.66
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Figure 3

Figure 3 Correlation plots illustrating the relationship between mRNA expression levels for GMDS and TSTA3 on the Y axes (log base 2) and putative copy
number changes (GISTIC2 calls, see materials and methods[26]) on the X axes. Possible GISTIC2 scores are -2 = Deep (homozygous) deletion; -1 = Shallow
(hemizygous) deletion; 0 = neutral/diploid; 1 = gain (low copy); 2 = high level amplification.
Figure 4

Figure 4 Correlation plots illustrating the relationship between mRNA expression levels for FUK and FPGT. Axes and scoring scale are as for Figure 3.
Figure 5

Figure 5 Correlation plots illustrating the relationship between mRNA expression levels for FUT8 and SLC35C1. Axes and scoring scale are as for Figure 3.
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ARTICLE HIGHLIGHTS
Research background
One type of protein N-linked glycosylation is the addition of fucose to the innermost core Nacetylglucosamine. Increased frequency of this modification has been associated with a number
of cancers, including hepatocellular carcinoma (HCC). Systematically surveying the literature as
well as performing a bioinformatics survey provided insight into what has been known about
the regulation of the six genes that potentially can influence levels of core fucose.

Research motivation
Knowledge of the mechanisms whereby core fucose addition is regulated may provide
information to improve the utility of this protein modification as a biomarker for detection of
cancer.

Research objectives
The main objective was to survey the literature for studies that include any of the six core fucose
related genes in the context of HCC. The second objective was to identify genomic alterations
and gene expression changes for the same six genes in HCC.

Research methods
We searched the PubMed literature database. We performed molecular analyses on the Cancer
Genome Atlas Project LIHC HCC dataset, using the tools provided by the cBioportal website
(http://www.cbioportal.org/).

Research results
A set of 27 non-redundant citations was generated by searching for “hepatocellular carcinoma”
and each of the gene symbols TSTA3, GMDS, SLC35C1 and FUT8 or their gene products. These
gene products are involved in synthesis of guanosine diphosphate (GDP)-fucose, its transport
into the Golgi or its attachment to N-linked glycans. No citations mentioned genes FPGT or FUK,
or their gene products, along with HCC. Analyses of the 373 sample LIHC dataset revealed
limited numbers of mutations affecting protein coding regions in all six genes. However, the
genes TSTA3 and GMDS that encode the enzymes of the GDP-fucose de novo synthesis pathway
appeared to have undergone copy number increase in 16% and 6%, respectively, of the tumor
samples. Copy number increase was observed for other genes in the vicinity of those two, which
lie at 8q24 and 6p25. The other four genes tended to have increased mRNA levels in a subset of
samples, which did not appear to be a consequence of copy number increase.

Research conclusions
The genes that underlie core fucose generation are not well studied in the context of HCC.
Multiple molecular mechanisms appear to account for the increase in core fucosylated
glycoproteins observed in some patients with HCC, with chromosomal amplification being most
common.

Research perspectives
Future studies will be needed to assess whether the results observed with the LIHC dataset will
be generalizable to other patient populations.
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Abstract
BACKGROUND
Recently, the American Association for the Study of Liver Disease suggested no
preference between tenofovir (TDF) and entecavir (ETV) regarding potential
long-term risks of renal complications. Over the years, renal safety has become a
critical concern in nucleos(t)ide analog-treated patients due to the long-term use
of these drugs. However, existing studies do not show significant differences in
renal dysfunction between these two drugs. Further, there is a paucity of studies
comparing the long-term renal effects of TDF and ETV.
AIM
To investigate the effects of TDF and ETV on renal function, we performed
systematic review and meta-analysis.
METHODS
Two investigators independently searched the Cochrane Library, MEDLINE, and
Embase databases for randomized controlled trials and nonrandomized studies
(NRSs) using the keywords “CHB”, “Tenofovir”, and “Entecavir”, and additional
references were obtained from the bibliographies of relevant articles published
through December 2017. The quality of each study was assessed using the
Newcastle-Ottawa scale and the Grading of Recommendations Assessment,
Development and Evaluation criteria. The primary outcome was the change in
serum creatinine level in the TDF and ETV groups at baseline, 6 mo, 12 mo and
24 mo.
RESULTS
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Nine NRSs comprising 2263 participants met the inclusion criteria. Changes in
creatinine levels were higher in the TDF group than in the ETV group at 6 mo
[mean difference (MD) = 0.03 mg/dL; 95%CI: 0.02-0.04; I2 = 0%], 12 mo (MD =
0.05 mg/dL; 95%CI: 0.02-0.08; I2 = 78%), and 24 mo (MD = 0.07 mg/dL; 95%CI:
0.01-0.13; I2 = 93%). The change in estimated glomerular filtration rate (eGFR) was
significantly higher in the TDF group than in the ETV group at 6 mo
[standardized mean difference (SMD), -0.22; 95%Cl: -0.36--0.08; I2 = 0%], 12 mo
(SMD = -0.24; 95%Cl: -0.43--0.05; I2 = 50%), and 24 mo (-0.35; 95%Cl: -0.61- -0.09; I2
= 67%).
CONCLUSION
TDF statistically significantly increased serum creatinine levels and decreased the
eGFR in 6-24 mo compared to ETV, with moderate to low quality of evidence.
However, the differences are negligible.
Key words: Hepatitis B; Chronic; Tenofovir; Entecavir; Safety; Review; Systematic;
Meta-analysis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Recently, the American Association for the Study of Liver Disease suggested
no preference between tenofovir (TDF) and entecavir (ETV) regarding potential longterm risks of renal complications. Over the years, renal safety has become a critical
concern in nucleos(t)ide analog-treated patients due to the long-term use of these drugs.
However, the existing studies do not show significant differences between the two drugs
in renal dysfunction. We believe that our study could resolve the existing debate. This is
the first meta-analysis comparing the influence of the two drugs on renal function using
continuous variables. TDF statistically significantly decreases renal function compared
to ETV, but the difference is inappreciable.

Citation: Lee HY, Oh H, Park CH, Yeo YH, Nguyen MH, Jun DW. Comparison of renal
safety of tenofovir and entecavir in patients with chronic hepatitis B: Systematic review with
meta-analysis. World J Gastroenterol 2019; 25(23): 2961-2972
URL: https://www.wjgnet.com/1007-9327/full/v25/i23/2961.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i23.2961

INTRODUCTION
An estimated 257 million people worldwide are infected with the hepatitis B virus
(HBV) [1] . Recently, research addressing chronic kidney disease among chronic
hepatitis B patients has emerged[2]. Interest in drugs that can affect renal function has
also increased. Tenofovir (TDF) and entecavir (ETV) are two drugs preferred as firstline treatments for chronic hepatitis B (CHB). In clinical trials, both have been proven
to be safe and well-tolerated with short term follow-up; however, as the treatment
period is indefinite, adverse events associated with these drugs over the long term
remain worrisome[3,4]. Over the years, published studies have provided increasing
evidence that TDF can negatively influence renal function and bone health[5-7]. Further
confusing the issue, two recently announced guidelines make conflicting suggestions.
The European Association for the Study of the Liver (EASL) recommended considering switching from TDF to ETV in CHB patients with underlying renal disease,
especially when exposed to LAM. EASL also suggested selecting ETV (or tenofovir
alafenamide fumarate) over TDF for CHB patients with estimated glomerular
filtration rate (eGFR) < 60 mL/min per 1.73 m 2 , patients with albuminuria, and
patients on hemodialysis. However, the American Association for the Study of Liver
Disease (AASLD) suggested no preference between TDF and ETV use with regard to
renal safety issues[3,4].
Most physicians acknowledge renal concerns associated with TDF use, although
precise data on the degree of renal impairment are still limited. Results of previous
studies have varied, mainly limited by small sample sizes and inadequate follow-up
periods. Previous meta-analyses on antiviral therapy for CHB primarily focused on
therapeutic efficacy rather than renal safety issues [8-10] . Hence, data regarding
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creatinine level and eGFR were not reported comprehensively. Moreover, the
formulas for eGFR calculation were inconsistent, as some studies used the Modification of Diet in Renal Disease (MDRD) formula, while others used the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) equation[8,9]. In addition,
previous studies demonstrated the incidence of acute kidney injury (AKI) as dichotomous data but not the precise changing values of renal function during the
treatment period.
In this study, we aimed to conduct a systematic review and meta-analysis to
provide a clear comparison of the renal safety of TDF and ETV in patients with CHB
using continuous variables. To enhance the clinical importance, we performed
subgroup analyses and sensitivity analysis to determine changes in renal function by
study and patient characteristics.

MATERIALS AND METHODS
This meta-analysis was conducted according to the Preferred Reporting Items for
Systematic Review and Meta-analyses (PRISMA) statement[11] and Metaanalysis of
Observational Studies in Epidemiology (MOOSE) statements[12].

Data and literature sources
Two authors (Lee HY and Oh H) independently searched MEDLINE, Embase, and the
Cochrane Central Register of Controlled Trials (CENTRAL) from inception to
December 31, 2017, without language restriction. Additionally, we examined conference abstracts from the AASLD, the EASL, the Asian Pacific Association for the
Study of the Liver (APASL), Digestive Disease Week (DDW), and The Liver Weeks
(Korean Association for the Study of the Liver) published between 2013 and 2017
(Supplemental Table 1).
The following keywords, MeSH, and free text were searched through MEDLINE:
Tenofovir, Entecavir, chronic hepatitis B, and multiple synonyms (Supplemental
Table 2). After the initial electronic search, further relevant articles and bibliographies
were manually identified using reference lists from included studies. The identified
articles were assessed individually for inclusion (Supplemental Table 3).

Inclusion and exclusion criteria
Two authors (Lee HY and Oh H) independently identified articles eligible for
inclusion based on a two-level screening using the Population Intervention Comparison Outcome (PICO) framework[13]. At the first level, titles and abstracts were
screened, while at the second level, search queries of the full text of articles were
made. The observed agreement between reviewers for eligibility of articles on initial
screening was 98.2%, corresponding to substantial agreement (k = 0.79), and that in
the second screening was 94.6%, corresponding to almost perfect agreement (k = 0.89).
Disagreements between reviewers were resolved by consensus with a third author
(Jun DW).
The inclusion criteria were (1) Human subject study design, including randomized
control trials (RCTs) and non-RCTs with more than two arms, (2) CHB infection, (3)
Intervention therapies of either ETV or TDF monotherapy, (4) Over 6 months of
treatment duration, (5) Over 18 years of age, and (6) Documented data of repeated
measures of serum creatinine level or eGFR every six months.
Exclusion criteria were (1) Coinfection with other hepatitis viruses (A, C, D, or E),
human immunodeficiency virus, cytomegalovirus, or Epstein-Barr virus; (2) Other
liver diseases such as alcoholic liver disease, autoimmune hepatitis, drug-induced
liver injury, or Wilson’s disease; (3) Acute hepatitis and acute exacerbation; (4)
Combination therapy or sequential therapy; (5) Unreported renal parameter data
(serum creatinine or eGFR); (6) Exclusion of either TDF or ETV; (7) Pregnancy and/or
breastfeeding; (8) Complication of decompensated cirrhosis (variceal bleeding,
refractory ascites, hepatorenal syndrome, spontaneous bacterial peritonitis,
hepatoencephalopathy); and (9) Organ transplantation.

Data extraction
Two authors (Lee HY and Oh H) independently extracted data from each study with
a predefined data extraction form using the Cochrane Methods to minimize random
and bias errors. Any disagreement or unresolved concern was independently
reviewed by a third author (Jun DW). The following variables were extracted from the
selected studies: (1) To evaluate the renal side effect, we compared changes in serum
creatinine level and eGFR at baseline, 6 mo, 12 mo and 24 mo. The patient’s eGFR was
calculated using the MDRD formula and CKD-EPI equation (Supplemental Table 4).
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Table 1 Main characteristics of included studies
Patients (n)
Author, year
Design
country

Age (mean)

Sex (M/F)

Duration (mo) Cirrhosis (%) TDF

TDF

TDF

ETV

ETV

ETV

HBV_DNA

Ha et al[14]
2015 United
States

Matched casecohort

24(18-66)

Lee et al[15]
2015 South
Korea

Prospective

≥6

Yu et al[16]
2015 South
Korea

Retrospective

Park et al[20]
2017 South
Korea

Retrospective

Koklu et al[24]
2015 Turkey

Prospective

Idilman et
al[25] 2015
Turkey

Retroprospective

Koksal 2016 et Prospective
al[23] Turkey
[22]

Lopez et al
2016 Spain

Tsai et al[21]
2016 Taiwan

Retrospective

Retroprospective

9.20%

NA

8.45/18.7

50%

24

100%

24

34%

36 (6-78)

39%

NA

12

33.90%

≥ 24

52%

(log10 IU/Ml)

103

43.5

65/38

5.3 ± 1.5

103

43.8

65/38

6.15 ± 1.9

258

66.4

173/85

6.40 ± 1.31

308

50.5

190/118

6.72 ± 1.22

49

48.8

22/27

6.98 ± 1.55

58

51.7

33/25

7.05 ± 1.33

73

56.4

45/28

5.4 ± 1.3

162

55.6

110/52

5.6 ± 1.6

273

47.7

183/90

6.54 ± 1.74

282

49.9

197/85

6.69 ± 1.79

172

47 (15-79)

NA

5.97 ± 1.72

183

≥ 24

End point

NA

44

36 (29-43.7)

19/25

6.8 ± 1.0

32

40 (27.2-46.5)

17/15

7.0 ± 1.2

32

50.2

25/7

1127.4 (192463,121)

32

49.2

23/9

29311.4 (376.24660,135)

37

56.6

32/5

6.3 ± 1.3

62

55.2

46/16

6.4 ± 1.2

RMSRC
Decrease in
eGFR 20%
NA

Creatinine ≥ 0.3
mg/dL or 1.5
times above
baseline
Serum
creatinine
increase > 0.2
mg/dLeGFR <
60 mL/min
(CKDEPI)Decrease in
eGFR > 20%
(CKD-EPI)
Shift from ≥ 90
to 60-89
mL/min per
1.73 m2> 25%
increased
creatinine
Serum
creatinine > 0.5
mg/dL from
baseline, eGFR
< 50 mL/min

eGFR < 60
mL/min per
1.73 m2 eGFR
reduction >
25%Increase in
creatinine > 1.4
mg/dl
Change of
eGFR by 25%

TDF: Tenofovir; ETV: Entecavir; HBV: Hepatitis B virus; CHB: Chronic hepatitis B; M: Male; F: Female; NA: Not available; eGFR: Estimated glomerular
filtration rate; HTN: Hypertension; DM: Diabetes mellitus; HCC: Hepatocellular carcinoma; MDRD: Modification of diet in renal disease; CKD-EPI:
Chronic kidney disease epidemiology collaboration; CTx: Chemotherapy; OT: Organ transplantation; RMSRC: Reclassified to a more severe renal
classification.

All outcomes were assessed for changes due to intervention between treated and
control groups. The results are expressed as the means and standard deviations. (2)
When the study presented data on renal function using a graph rather than measured
numerical data, we extracted comparable data from the graph. (3) When the data of
interest were not available in the published reports, we contacted investigators of
original studies via e-mail to request unpublished data, and 3 investigators responded
to our request[14-16]. And (4) If necessary, we modified the data (combining two data or
converting standard error to standard deviation) to enable comparison according to
the equation presented in the Cochrane Handbook (Supplemental Table 5)[17].

Assessment of methodological quality
Two authors (Lee HY and Oh H) independently evaluated the quality of the included
studies using the Newcastle-Ottawa scale (NOS) for nonrandomized studies (Supplemental Table 6)[18] and the Grading of Recommendations Assessment, Development
and Evaluation (GRADE) criteria to appraise quality of evidence (GRADEpro, Version
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20. McMaster University, 2014) (Supplemental Table 7) [19] . Any disagreements
between reviewers were resolved through discussion or review by the third author
(Jun DW).

Statistical analysis
The primary outcome was the change in serum creatinine levels in the TDF and ETV
groups at baseline, 6 mo, 12 mo and 24 mo. We derived the mean differences in
creatinine levels between the aforementioned time points and the baseline.
Subsequently, we estimated and pooled the differences in the mean between the TDF
and ETV groups using a random effects model. A significant difference was defined
as having a P-value of Z-score smaller than 0.05. To assess for heterogeneity, we
estimated the proportion of inconsistencies due to true differences between studies
(rather than differences due to random error or chance) using the I2 statistic, with
values of 25%, 50%, and 75% considered low, moderate, and high, respectively.
Publication bias was assessed by funnel plots and Egger’s test.
The secondary outcome was the change in serum eGFR. As eGFR was estimated by
different formulas (e.g., MDRD or CKD-EPI), we standardized the mean difference of
eGFR in each included article before pooling them using a random effects model.
Subgroup meta-analyses stratified by proportion of cirrhosis, history of treatment,
region, mean age, and other factors were performed subsequently. Meta-regression
was performed to identify the source of heterogeneity and to investigate the nature of
the studies required to estimate the therapeutic effect. Meta-analyses were performed
using the Review Manager (RevMan, version 5.3; The Cochrane Collaboration,
Oxford, United Kingdom). Publication bias and meta-regression were analyzed using
Comprehensive Meta-Analysis (CMA) statistical software (Version 3, BioStat
Solutions, Inc.).

RESULTS
Identification of studies
Figure 1 shows the details of the literature search and study selection. The initial
search strategy identified 5413 articles (Supplemental Table 3). Of these, 5327
publications were excluded, as they did not fulfill the selection criteria by title and
abstract screening. We performed full manuscript reviews of the remaining 86 articles.
Nine reports (three prospective cohort studies and six retrospective cohort studies)
were deemed eligible and included in the meta-analysis[14-16,20-25].

Study characteristics and patient populations
Table 1 describes the characteristics of the 9 included studies. A total of 2263
participants who received either TDF (n = 1041) or ETV (n = 1222) were included.
Both drugs were administered for 6 mo to 2 years. Three studies were conducted in
South Korea; one each in United States, Taiwan, and Spain; and three in Turkey.
Serum creatinine data were provided in 9 studies and eGFR data in 6 studies. Except
for one study[22], all of the studies recruited treatment-naive patients.

Quality of the included studies
The quality of evidence was assessed using the NOS and GRADE guidelines. The
level of evidence and grade of recommendation for each outcome are summarized in
Supplemental Table 6 and 7.

Primary outcome: Change in serum creatinine
Renal function was assessed using serum creatinine levels at 6, 12, and 24 mo of
treatment and its decrease from baseline. Using a random effects approach, changes in
serum creatinine level compared to baseline increased more in the TDF group than in
the ETV group at 6 mo (MD = 0.03 mg/dL; 95%CI: 0.02-0.04; I2 = 0%), 12 mo (MD =
0.05 mg/dL; 95%CI: 0.02- 0.08; I2 = 78%), and 24 mo (MD = 0.07 mg/dL; 95%CI: 0.010.13; I2 = 93%) (Figure 2). The subgroup difference among different time points was
not significant.

Secondary outcome: Changes of eGFR
Changes in eGFR were significantly higher in the TDF group than in the ETV group.
Most studies used various eGFR formulas (Supplement Table 8). The standardized
mean differences (SMDs) of serum eGFR between the TDF and ETV groups at 6, 12,
and 24 mo were -0.22 (95%CI: -0.36--0.08; I2 = 0%), -0.24 (95%CI: -0.43--0.05; I2 = 50%),
and -0.35 (95%CI: -0.61--0.09; I 2 = 67%), respectively (Figure 3). There was no
significant difference in SMD among different time points.
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Figure 1

Figure 1 PRISMA diagram of the literature search. TDF: Tenofovir; ETV: Entecavir; SD: Standard deviation.

Subgroup analysis
To assess the effect size, we conducted subgroup analysis of calculated MDRD and
CKD-EPI after securing raw data on creatinine (Figure 4). The MDRD and CKD-EPI
equations both showed the same directivity without subgroup difference in each
follow-up period (I2 = 0%). However, the studies used for the analysis of MDRD and
CKD-EPI were different, and the number of studies was insufficient.

Sensitivity analysis
We tested the heterogeneity of studies with 12-mo and 24-mo enrollment categories,
as shown in Figure 2. To determine the cause of heterogeneity, we compared the
inclusion criteria of the enrolled studies (Supplemental Table 8) and conducted metaregression (Figure 5A and B). We considered the possibility that (mean age,
creatinine) may have been a major source of substantial heterogeneity observed across
the studies by research-level factors. In the meta-regression analysis, we did not find
any statistically significant tendency dependent on available study characteristics.
However, individual patient-level data could have been weak due to aggregation
bias. But through meta-regression we identified two studies as potential sources of
heterogeneity. Park et al [20] analyzed only cirrhotic patients in their study, and
included 22% of decompensated cirrhotic patients, diabetics and patients who take
diuretics. Tsai et al[21] showed greater heterogeneity than other studies. Tsai included
patients with all impaired renal function (eGFR 30-90 mL/min per 1.73). When we
excluded the study by Tsai et al[21], heterogeneity decreased from 78% to 1% in the 12mo group and from 93% to 82% in the 24-mo group. After excluding the Tsai et al[21]
study, the effect size remained statistically significant (Figure 5C).

Publication bias
Funnel plots constructed with observed studies showed symmetry (Figure 6). In
Egger’s test, publication bias revealed no significant evidence [bias = 1.967 (95%CI: 2.067-5.980), P = 0.285]. None of the studies trimmed in the Trim & Fill method with
the random effect model. There was no significant publication bias detected by funnel
plots.

DISCUSSION
In this systematic review and meta-analysis of prior studies, (1) The mean differences
in serum creatinine levels between TDF and ETV were 0.03 mg/dL (95%CI: 0.02-0.04;
I2 = 0%), 0.05 mg/dL (95%CI: 0.02 to 0.08; I2 = 78%), and 0.07 mg/dL (95%CI: 0.01-0.13;
I 2 = 93%) at 6, 12, and 24 mo, respectively. Although the mean difference was
statistically significant, a gap of 0.03-0.07 mg/dL does not reach clinical significance.
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Figure 2

Figure 2 Forest plot for the change of serum creatinine. In each enrolled study, the change (between post-treatment and baseline) is calculated in each arm
[tenofovir (TDF) vs entecavir (ETV)]. The difference in mean change between the two changes (δ TDF - δ ETV) is then calculated. TDF: Tenofovir; ETV: Entecavir;
SD: Standard deviation; CI: Confidence interval.

Although the mean difference seemed to increase gradually over time, there was no
significant difference among the estimates. (2) Similarly, there was a significant
standardized mean difference in serum eGFR levels between the two drugs over the
same time periods. TDF showed a greater decrease than ETV after 6, 12, and 24 mo
use. And (3) No significant difference was found through subgroup analysis and
sensitivity analysis by research-level factors and patient-level factors.
Our research is different from existing studies for the following reasons: (1) We
used continuous variables when comparing the influence of drugs on renal function.
(2) We enhanced clinical relevance by using qualified research quality assessment
methods and sensitivity analysis with meta-regression by study and patient
characteristics. Although there have been many studies and efforts to clarify the
influence of anti-HBV agents on renal function, these have resulted in conflicting
data[8-10]. To our knowledge, there were three systematic reviews for efficacy and
safety comparing TDF and ETV, but two of them primarily focused on efficacy rather
than renal safety issues[8,9]. Some critical manuscripts and abstracts were not included
in the previous studies. Moreover, most studies used various eGFR formula and
different AKI definitions. Lok et al[9] only listed dichotomous data that consisted of an
arbitrary definition of deterioration of renal function by NAs and change in eGFR
values without statistical analysis. Han et al[8] suggested more complex conclusions. In
their work, there was a statistically significant difference between TDF and ETV in
eGFR at the endpoint (RR = 1.601, 95%CI: 1.035-2.478, I2 = 0.0%), but no significant
difference in the change of eGFR from baseline (RR = 0.929, 95%CI: 0.616-1.4601, I2 =
0.0%). However, the authors did not clearly show how many studies were included in
the analysis. Because renal safety was defined as a secondary outcome, there were
several missing papers, and selection bias might have occurred. Moreover, in case of
the study by Gish et al, which was one of the studies included by Han et al [8] ,
nephrotoxicity was defined by an increase in serum creatinine of ≥ 0.2 mg/dL. There
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Figure 3

Figure 3 Forest plot for the change of estimated glomerular filtration rate. In each enrolled study, the change (between post-treatment and baseline) is
calculated in each arm [tenofovir (TDF) vs entecavir (ETV)]. The difference in standardized mean change between the two changes (δ TDF - δ ETV) is then
calculated, since each study utilized different formulas. TDF: Tenofovir; ETV: Entecavir; SD: Standard deviation; CI: Confidence interval.

was no difference between the TDF- and ETV-treated groups, but more patients in the
TDF group experienced eGFR decreases than in the ETV group. In this case, changes
in renal function could be underestimated. An article by Chan et al[10] showed effect
size with a continuous variable. They compared the effect of various NAs on renal
function using a network analysis. However, the authors did not include articles
regarding the effects of NAs on renal function comprehensively, with only three
articles making direct comparisons between TDF and ETV. Moreover, the definition
of AKI was inconsistent in the three included articles.
In this study, we determined that while TDF has been linked to declines in renal
function, the difference is not clinically definitive. Although there was a statistically
significant decrease in the short- and medium-term, our study does not guarantee
long-term stability. Moreover, some studies found no significant change in renal
function in TDF users in the longer term[26-28]. In sensitivity analysis, we conjectured
that the use of TDF is associated with mild renal impairment. Although there are very
few studies on CKD patients, many studies have performed a subgroup analysis of
CKD patients in CHB. Recently, Trinh et al[29] showed that in the absence of underlying
disease, the use of TDF did not significantly impair renal function, but the use of TDF
in patients with CKD and over 60 years of age exacerbated a decline in renal function.
In the study by Wong et al[30], the TDF-treated group had a significantly increased risk
of CKD progression (HR = 1.21) and showed a more rapid progression of CKD.
Our study has several limitations: (1) Using GRADE criteria, we found that overall
confidence in estimates was low. Due to the nature of the nonrandomized designs
used in these studies, there was serious inconsistency and the level of quality of most
of the studies was low (Supplemental Table 7). (2) The heterogeneity of several
subgroups were high. Through the sensitivity analysis, we found the weight and
effect size of one specific paper was large and have tried to explain the reason for this
specificity. (3) We used SMD to perform the meta-analysis, as the formulas for eGFR
calculation varied across studies. Therefore, the results need to be interpreted with
caution. (4) There was a fundamental clinical heterogeneity. Although we performed
sensitivity analysis, Child-Turcotte-Pugh score, hepatocellular carcinoma, hypertension, and diabetes mellitus were not controlled perfectly. (5) Our findings should
be interpreted cautiously, since the studies included in our meta-analysis adopted
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Figure 4

Figure 4 Subgroup analysis. Likewise, the change is calculated using a common formula in each arm to assess the effect size. A: Modification of diet in renal
disease, B: Chronic kidney disease epidemiology collaboration. TDF: Tenofovir; ETV: Entecavir; SD: Standard deviation; CI: Confidence interval.

different definitions and inclusion criteria for renal impairment. And (6) Finally, the
total number of studies and patients is small. Larger scale cohort studies with longterm follow-up are warranted to provide more precise data on long-term renal
adverse events.
In summary, our meta-analysis of observational studies reveals that TDF statistically significantly increased serum creatinine levels and decreased the eGFR over 624 mo in comparison with ETV. However, the quality of the evidence was moderate to
low quality and the difference was inappreciable.

WJG

https://www.wjgnet.com

2969

June 21, 2019

Volume 25

Issue 23

Lee HY et al. Renal safety of tenofovir vs entecavir: Meta-analysis
Figure 5

Figure 5 Sensitivity analysis. Meta-regression of difference in mean age (A) and creatinine (B). The circles on the graph represent included studies; the size of the
circle indicates the weight of each study. To check the robustness of this study, we tentatively excluded one heterogeneous study[19] (C). TDF: Tenofovir; ETV:
Entecavir; SD: Standard deviation; CI: Confidence interval.
Figure 6

Figure 6 Funnel plot for publication bias in all included studies. The empty circles represent the observed studies and empty and black-filled diamonds represent
the overall random effects means and 95% confidence intervals of the observed studies.

ARTICLE HIGHLIGHTS
Research background
Tenofovir (TDF) and entecavir (ETV) are preferred first-line treatments for chronic hepatitis B
(CHB). The long-term safety issue of nucleos(t)ide analog is very important because CHB
patients should take it indefinitely. In addition, a number of researchers have recently reported
many CHB patients suffer from CKD through large-scale studies.
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Research motivation
Over the years, several studies have been conducted to compare renal safety of the two drugs,
but the results varied and sometimes conflicted with each other. Confusedly, the recommendations of the recent two guidelines are contradictory.

Research objectives
We aimed to conduct a systematic review and meta-analysis to assess renal safety of TDF and
ETV in patients with CHB using continuous variables.

Research methods
Calculating the change of creatinine and estimated glomerular filtration rate (eGFR), we secured
the distinction from the prior meta-analysis that using dichotomous data. To enhance the clinical
importance, we performed sensitivity analysis with meta-regression.

Research results
With nine NRSs, we conducted meta-analysis. Changes in creatinine levels were higher in the
TDF group than in the ETV group at 6 mo [mean difference (MD) = 0.03 mg/dL; 95%CI: 0.020.04; I2 = 0%], 12 mo (MD = 0.05 mg/dL; 95%CI: 0.02 to 0.08; I2 = 78%), and 24 mo (MD = 0.07
mg/dL; 95%CI: 0.01-0.13; I2 = 93%). The change in eGFR was significantly higher in the TDF
group than in the ETV group at 6 mo [standardized mean difference (SMD) = -0.22; 95%Cl: -0.36-0.08; I2 = 0%], 12 mo (SMD = -0.24; 95%Cl: -0.43 to -0.05; I2 = 50%), and 24 mo (-0.35; 95%Cl: 0.61--0.09; I2 = 67%).

Research conclusions
Until now, in studies comparing the effect on renal function between the two drugs, the differences varied greatly. However, our study found that the difference was negligible.

Research perspectives
The value of creatinine and eGFR in our meta-analysis was a secondary outcome in most of the
included studies. And most of the studies used various eGFR formula and different AKI
definitions. We need further research comparing renal function as a primary outcome and using
universal definition of AKI, if possible, through large-scale RCT.
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