Gastroenterology

Baishideng Publishing Group Inc



/{/ (]‘ World Journal of
Gastroenterology

Contents Weekly Volume 24 Number 16 April 28, 2018

REVIEW
1679  Beneficial effects of naringenin in liver diseases: Molecular mechanisms
Herndndez-Aquino E, Muriel P

1708  Naturally occurring hepatitis B virus reverse transcriptase mutations related to potential antiviral drug
resistance and liver disease progression
Choi YM, Lee SY, Kim BJ

MINIREVIEWS
1725  Nucleotide-binding oligomerization domain 1 and Helicobacter pylori infection: A review
Minaga K, Watanabe T, Kamata K, Asano N, Kudo M

1734  Diversion colitis and pouchitis: A mini-review
Tominaga K, Kamimura K, Takahashi K, Yokoyama J, Yamagiwa S, Terai S

ORIGINAL ARTICLE
Basic Study
1748  Nonalcoholic steatohepatitis severity is defined by a failure in compensatory antioxidant capacity in the
setting of mitochondrial dysfunction
Boland ML, Oldham S, Boland BB, Will S, Lapointe JM, Guionaud S, Rhodes CJ, Trevaskis JL

1766  Mucosa repair mechanisms of Tong-Xie-Yao-Fang mediated by CRH-R2 in murine, dextran sulfate sodium-
induced colitis
Gong SS, Fan YH, Wang SY, Han QQ, Lv B, Xu Y, Chen X, He YE

1779  Sodium chloride exacerbates dextran sulfate sodium-induced colitis by tuning proinflammatory and
antiinflammatory lamina propria mononuclear cells through p38/MAPK pathway in mice
Guo HX, Ye N, Yan P, Qiu MY, Zhang J, Shen ZG, He HY, Tian ZQ, Li HL, Li JT

Retrospective Cohort Study

1795  High tacrolimus intra-patient variability is associated with graft rejection, and de novo donor-specific
antibodies occurrence after liver transplantation
Del Bello A, Congy-Jolivet N, Danjoux M, Muscari F, Lavayssiere L, Esposito L, Hebral AL, Belliere J, Kamar N

Randomized Clinical Trial

1803  Papillary fistulotomy vs conventional cannulation for endoscopic biliary access: A prospective randomized
trial
Furuya CK, Sakai P, Marinho FR, Otoch JP, Cheng S, Prudencio LL, de Moura EG, Artifon EL

META-ANALYSIS

1812 Compared efficacy of preservation solutions on the outcome of liver transplantation: Meta-analysis
Szilagyi AL, Matrai P Hegyi P, Tuboly E, Pécz D, Garami A, Solymar M, Pétervari E, Balasko M, Veres G, Czopf L, Wobbe B,
Szabo D, Wagner J, Hartmann P

Raishidenge ~ WJG | www.wjgnet.com I April 28,2018 | Volume 24 | Issue 16 |



Contents

World Journal of Gastroenterology
Volume 24 Number 16 April 28, 2018

ABOUT COVER

Editorial board member of World Journal of Gastroenterology, Shu-You Peng,
FRCS (Gen Surg), FRCS (Hon), MD, Professor, Surgeon, General Surgery, The
Second Affiliated Hospital, College of Medicine, Zhejiang University, Hangzhou
310009, Zhejiang Province, China

AIMS AND SCOPE

World Journal of Gastroenterology (World | Gastroenterol, W]G, print ISSN 1007-9327, online
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. ]G was estab-
lished on October 1, 1995. Tt is published weekly on the 7", 14", 21, and 28" each month.
The WJG Editorial Board consists of 642 experts in gastroenterology and hepatology from
59 countries.

The primary task of WJG is to rapidly publish high-quality original articles, reviews,
and commentaries in the fields of gastroenterology, hepatology, gastrointestinal endos-
copy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastroin-
testinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional ther-
apy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterol-
ogy, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biol-
ogy, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics,
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal
therapeutics. ]G is dedicated to become an influential and prestigious journal in gas-
troenterology and hepatology, to promote the development of above disciplines, and to
improve the diagnostic and therapeutic skill and expertise of clinicians.

INDEXING/ABSTRACTING

Waorld Jonrnal of Gastroenterology (WJG) is now indexed in Current Contents®/Clinical Medicine,
Science Citation Index Expanded (also known as SciSearch®),Journal Citation Reports®, Index
Medicus, MEDLINE, PubMed, PubMed Central and Directory of Open Access Journals. The
2017 edition of Journal Citation Reports® cites the 2016 impact factor for WJG as 3.365 (5-year
impact factor: 3.176), ranking ]G as 29" among 79 journals in gastroenterology and hepatol-

ogy (quartile in category Q2).

EDITORS FOR
THIS ISSUE

Responsible Electronic Editor: Yan Huang
Proofing Editor-in-Chief: Lian-Sheng Ma

Responsible Assistant Editor: Xiang Li

Responsible Science Editor: Xue-Jiao Wang
Proofing Editorial Office Director: Ze-Mao Gong

NAME OF JOURNAL
World Journal of Gastroenterology

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

LAUNCH DATE
October 1, 1995

FREQUENCY
Weekly

EDITORS-IN-CHIEF

Damian Garcia-Olmo, MD, PhD, Doctor, Profes-
sor, Surgeon, Department of Surgery, Universidad
Autonoma de Madrid; Department of General Sur-
gery, Fundacion Jimenez Diaz University Hospital,
Madrid 28040, Spain

Stephen C Strom, PhD, Professor, Department of
Laboratory Medicine, Division of Pathology, Karo-
linska Institutet, Stockholm 141-86, Sweden

Andrzej S Tarnawski, MD, PhD, DSc (Med),
Professor of Medicine, Chief Gastroenterology, VA
Long Beach Health Care System, University of Cali-
fornia, Irvine, CA, 5901 E. Seventh Str., Long Beach,

CA 90822, United States PUBLICATION DATE
April 28, 2018
EDITORIAL BOARD MEMBERS

All editorial board members resources online at http://

www.wignet.com/1007-9327/editorialboard.htm

COPYRIGHT

© 2018 Baishideng Publishing Group Inc. Articles pub-
lished by this Open-Access journal are distributed under
the terms of the Creative Commons Attribution Non-

EDITORIAL OFFICE

Ze-Mao Gong, Director

Waorld Journal of Gastroenterology
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501,
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242

Fax: +1-925-2238243

commercial License, which permits use, distribution,
and reproduction in any medium, provided the original
work is properly cited, the use is non commercial and is
otherwise in compliance with the license.

SPECIAL STATEMENT

E-mail: editorialoffice@wjgnet.com
Help Desk: http:/ /www.f6publishing.com/helpdesk
http:/ /www.wjgnet.com

PUBLISHER

Baishideng Publishing Group Inc

7901 Stoneridge Drive, Suite 501,

Pleasanton, CA 94588, USA

Telephone: +1-925-2238242

Fax: +1-925-2238243

E-mail: bpgoffice@wjgnet.com

Help Desk: http://www.f6publishing.com/helpdesk
http:/ /www.wjgnet.com

All articles published in journals owned by the Baishideng
Publishing Group (BPG) represent the views and opin-
ions of their authors, and not the views, opinions or
policies of the BPG, except whete otherwise explicitly
indicated.

INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wignet.com/bpg/getinfo/204

ONLINE SUBMISSION
http:/ /www.f6publishing.com

JRaishideng®

WIJG | www.wjgnet.com

II

April 28,2018 | Volume 24 | Issue 16 |




W J

World Journal of
Gastroenterology

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

DOI: 10.3748 / wjg.v24.i16.1766

World | Gastroenterol 2018 April 28; 24(16): 1766-1778

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

Basic Study
Mucosa repair mechanisms of Tong-Xie-Yao-Fang mediated
by CRH-R2 in murine, dextran sulfate sodium-induced colitis

ORIGINAL ARTICLE

Shan-Shan Gong, Yi-Hong Fan, Shi-Yi Wang, Qing-Qing Han, Bin Ly, Yi Xu, Xi Chen, Yao-Er He

Shan-Shan Gong, Shi-Yi Wang, Qing-Qing Han, Xi Chen,
Yao-Er He, The First Clinical Medical College of Zhejiang
Chinese Medical University, Hangzhou 310053, Zhejiang
Province, China

Yi-Hong Fan, Bin Lv, Yi Xu, Department of Gastroenterology,
The First Affiliated Hospital of Zhejiang Chinese Medical
University, Hangzhou 310006, Zhejiang Province, China

ORCID number: Shan-Shan Gong (0000-0001-5483-720X);
Yi-Hong Fan (0000-0001-8217-9793); Shi-Yi Wang (0000-0002
-2134-3892); Qing-Qing Han (0000-0002-3155-3746); Bin Lv
(0000-0002-6247-571X); Yi Xu (0000-0002-3265-9534); Xi Chen
(0000-0002-6236-6345); Yao-Er He (0000-0003-3511-8554).

Author contributions: Gong SS and Wang SY performed the
experiments, analyzed the data and wrote the paper; Fan YH and
Han QQ designed the research, revised the paper and contributed
equally to this study; Xu Y and Lv B performed parts of the
experiments and provided valuable suggestions for this study;
Chen X and He YE contributed new analytic tools; All authors
have read and approved the final manuscript.

Supported by National Natural Science Foundation of China,
No. 81473506, Natural Science Foundation of Zhejiang Province,
No.LY13H030011 and No. LY17H290009; State Administration
of Traditional Chinese Medicine of Zhejiang Province, No.
2013ZB050; Department of Zhejiang Province to Build Funded
Project, No. WKIJ-ZJ-1531; Zhejiang TCM Science and Technology
Project, No. 2016ZB047, No. 2017ZA056 and No. 2018ZB046.

Institutional review board statement: The study was reviewed
and approved by the Institutional Review Board of Zhejiang
Chinese Medical University.

Institutional animal care and use committee statement:
All procedures involving animals were reviewed and approved
by the Institutional Animal Care and Use Committee of Zhejiang
Chinese Medical University.

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

Data sharing statement: No additional data are available.

Baishidenge ~ WJG | www.wjgnet.com

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript

Correspondence to: Yi-Hong Fan, PhD, Associate Professor,
Department of Gastroenterology, The First Affiliated Hospital
of Zhejiang Chinese Medical University, No. 54, Youdian Road,
Shangcheng District, Hangzhou 310006, Zhejiang Province,
China. yhfansjr@163.com

Telephone: +86-571-87608001

Fax: +86-571-87608001

Received: February 12, 2018
Peer-review started: February 13,2018
First decision: March 9, 2018

Revised: March 14, 2018

Accepted: March 31,2018

Article in press: March 31, 2018
Published online: April 28, 2018

Abstract

AIM

To explore the significance of corticotropin-releasing
hormone (CRH)-receptor (R)2 in mucosal healing
of dextran sulfate sodium (DSS)-induced colitis and
the effect of Tong-Xie-Yao-Fang (TXYF) on CRH-R2
expression and regulation.

METHODS

Ulcerative colitis was induced in mice by administration of
3% (w/v) DSS for 7 d. Once the model was established,
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mice were administered urocortin-2 (30 pg/kg), a peptide
which binds exclusively to CRH-R2, or various doses
of aqueous TXYF extracts (2.8-11.2 g/kg), a CRH-R2
antagonist Astressin (Ast)2B (20 ug/kg), Ast2B + Ucn2,
or Ast2B with various doses of aqueous TXYF extracts for
9 d. Colonic mucosal permeability was then evaluated by
measuring the fluorescence intensity in serum. The colitis
disease activity index (DAI), histology, body weight loss
and colon length were assessed to evaluate the condition
of colitis. Terminal deoxynucleotidyl transferase dUTP
nick-end labeling was used to detect apoptosis of the
intestinal epithelial cells. The expression level of Ki-67
represented the proliferation of colonic epithelial cells and
was detected by immunohistochemistry. The expression
levels of inflammation cytokines IL-6, TNF-a. and CXCL-1
were examined in colon tissues using real-time PCR and
ELISA kits.

RESULTS

Compared with the DSS group, mice treated with the
CRH-R2 antagonist Ast2B showed greater loss of body
weight, shorter colon lengths (4.90 + 0.32 vs 6.21 +
0.34 cm, P < 0.05), and higher DAI (3.61 £+ 0.53 vs
2.42 £ 0.32, P < 0.05) and histological scores (11.50
+ 1.05 vs 8.33 £ 1.03, P < 0.05). Additionally, the
Ast2B group showed increased intestinal permeability
(2.76 £ 0.11 pg/mL vs 1.47 £ 0.11 pg/mL, P < 0.001),
improved secretion of inflammatory cytokines in colon
tissue, and reduced colonic epithelial cell proliferation
(4.97 £ 4.25 vs 22.51 + 8.22, P < 0.05). Increased
apoptosis (1422.39 + 90.71 vs 983.01 + 98.17, P
< 0.001) was also demonstrated. The Ucn2 group
demonstrated lower DAI (0.87 + 0.55 vs 2.42 £+ 0.32,
P < 0.001) and histological scores (4.33 £ 1.50 vs
8.33 = 1.03, P < 0.05). Diminished weight loss, longer
colon length (9.58 + 0.62 vs 6.21 £ 0.34 cm, P <
0.001), reduced intestinal permeability (0.75 £ 0.07 vs
1.47 £ 0.11 pg/mL, P < 0.001), inhibited secretion of
inflammatory cytokines in colon tissue and increased
colonic epithelial cell proliferation (90.04 + 15.50 vs
22.51 + 8.22, P < 0.01) were all observed. Reduced
apoptosis (149.55 + 21.68 vs 983.01 + 98.17, P <
0.05) was also observed. However, significant statistical
differences in the results of the Ast2B group and Ast2B
+ Ucn2 group were observed. TXYF was also found to
ameliorate symptoms of DSS-induced colitis in mice
and to promote mucosal repair like Ucn2. There were
significant differences between the Ast2B + TXYF
groups and the TXYF groups.

CONCLUSION

CRH-R2 activates the intestinal mucosal antiinflam-
matory response by regulating migration, proliferation
and apoptosis of intestinal epithelial cells in colitis-
induced mice, and plays an important antiinflammatory
role. TXYF promotes mucosal repair in colitis mice by
regulating CRH-R2.

Key words: Tong-Xie-Yao-Fang; Aqueous extracts;
Corticotropin-releasing hormone receptor 2; Urocortin 2;
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Core tip: Mucosal healing is a desired therapeutic
endpoint in the treatment of inflammatory bowel
disease. However, it is difficult to treat inflammatory
bowel disease thoroughly, and there are some adverse
reactions. Studies have shown that corticotropin-
releasing hormone (CRH)-receptor (R)2 can activate
the inflammatory response of intestinal mucosa and
exert an antiinflammatory effect. Our preliminary
study found that Tong-Xie-Yao-Fang could reduce the
expression of CRH-R1, increase CRH-R2, and participate
in reconstruction of the intestinal barrier. The aim of
this study was to explore the significance of CRH-R2 in
the mucosal healing of dextran sulfate sodium-induced
colitis and study the effect of Tong-Xie-Yao-Fang on
CRH-R2 expression and regulation.

Gong SS, Fan YH, Wang SY, Han QQ, Lv B, Xu Y, Chen X, He
YE. Mucosa repair mechanisms of Tong-Xie-Yao-Fang mediated
by CRH-R2 in murine, dextran sulfate sodium-induced colitis.
World J Gastroenterol 2018; 24(16): 1766-1778 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i16/1766.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.116.1766

INTRODUCTION

Inflammatory bowel diseases (IBD), including Crohn’s
disease and ulcerative colitis (UC), are a group of chronic
inflammatory disorders of the gastrointestinal tract,
characterized by intestinal inflammation and mucosal
damage!'. In traditional Chinese medicine theory, UC
is known as the “changpi” and chronic dysentery™,
Characterized by chronic mucosal inflammation and
damage of the colon, UC presents with bloody diarrhea,
tenesmus, abdominal pain, weight loss, anemia, and
even toxic megacolon. Intestinal perforation, intestinal
obstruction, intestinal bleeding and cancer are also
observed, thus affecting an individual’s quality of life™’.

Treatment targets for IBD have changed over the
recent years. Previous therapeutic strategies focusing
on induction and maintenance of clinical remission have
shown no effect on the natural course of the disease'™..
However, in the late 1990s, the advent of biologic
agents for the treatment of IBD showed that while
patients may be in clinical remission, ongoing mucosal
inflammation may still be present, resulting in structural
damage!®*!,

This finding has led to the concept of mucosal healing
as a more meaningful therapeutic target in clinical
practice. Indeed, emerging data suggests that mucosal
healing is strongly associated with a reduction in steroid
use, complications, hospitalizations, and surgeries*?.,
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Mucosal repair of the intestinal barrier is a tightly
coordinated response to injury that preserves homeo-
stasis and limits the adverse effects of inflammation.
After damage to the epithelial tissue, intestinal epithelial
cells migrate to the site of injury in a critical process
known as epithelial restitution™* . Restitution is fo-
llowed by epithelial cell proliferation and differentiation
which is regulated by factors that promote cell viability
and limit apoptosis!**®. IBD is a chronic relapsing
inflammatory disorder that involves a defective epithelial
barrier”.

Corticotropin-releasing hormone (CRH), the primary
mediator of the stress response, is expressed in both
the central nervous system and the periphery, including
the intestine!’®. The CRH family of peptides interacts
with a variety of cell types in the intestinal mucosa,
including epithelial cells, enteric neurons, and immune
cells!®, In addition to CRH, three distinct peptides
known as urocortins (Ucnl, Ucn2, and Ucn3) bind to
two types of G protein-coupled receptors to exert their
effects, CRH receptor (R)1 and CRH-R2. Yet, Ucnl has
greater affinity for CRH-R2 than CRH-R1, and Ucn2
and Ucn3 bind exclusively to CRH-R2?%. Interactions
between CRH-Rs and their ligands modulate several
functional and pathophysiologic responses within the
gut, including stress-induced alterations in motility, ion
secretion, and visceral pain, and the development and
maintenance of intestinal inflammation®™".,

Studies from others have found that CRH may be
involved in the maintenance of intestinal barrier integrity
by regulating autophagy in the intestinal epithelial
cells™®, Our previous studies have also found that CRH
could cause an increase in intercellular permeability in
the intestinal epithelium™. Some studies have found
that CRH-R2 can activate the antiinflammatory response
of intestinal mucosa and exert an antiinflammatory
effect™. In addition, activation of CRH-R2 can promote
the migration and proliferation of colon cancer cells and
gastric mucosa cells®***, Furthermore, the expression
of CRH-R2 was found to be down-regulated in the
biopsy specimens of UC patients® and CRH-deficient
mice are unable to initiate healing responses after acute
experimental colitis®”, suggesting a role for the CRH
peptide family, especially CRH-R2, in mucosal repair
mechanisms.

Tong-Xie-Yao-Fang (TXYF) is a prescription in
traditional Chinese medicine, used for relieving abdo-
minal pain and diarrhea. TXYF has also been shown
to be involved in the reconstruction of the intestinal
epithelial barrier and to promote the healing of mucosa
in UC?®*1, While the mechanism is not understood, it
is thought to target and intervene with CRH-R2. This
regulates the migration, proliferation and apoptosis of
epithelial cells, like the role of Ucn2P°Y,

The overall aim of the present investigation was to
determine whether CRH-R2 regulates mucosal repair
on dextran sulfate sodium (DSS)-induced colitis in mice
and to examine the relationship between TXYF and
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Table 1 Criteria for disease activity index

Score Weight loss, % Stool consistency Bloodstain or gross bleeding

0 None Normal Negative

1 1-5 -

2 5-10 Loose stool Positive

® 10-15 - -

4 >15 Diarrhea Gross bleeding

CRH-R2 signaling.

MATERIALS AND METHODS

TXYF composition and dosage preparation

TXYF was prepared with large head atractylodes
rhizome (Rhizoma Atractylodis Macrocephalae), white
peony root (Radix Paeoniae Alba), dried tangerine
peel (Pericarpium Citri Reticulatae) and divaricate
saposhnikovia root (Radix Saposhnikoviae)®®, which
were used in a 15:12:6:10 proportion. Raw components
were soaked in an 8-fold volume of distilled water for 1
h and boiled twice for 0.5 h each time. Two of the boiled
ingredients were filtered, mixed together, concentrated
at a 1:1 ratio (100% concentration), and stored at 4 'C
for later use.

Animal modeling and drug treatment

Male CD-1(ICR) mice (8-10 wk old) were purchased
from Shanghai Xipuer-bikai Experimental Animal Co.,
Ltd., (Shanghai, China) and housed 1 wk under a 12 h
light/dark cycle at 22-24 °C with 50%-60% humidity
and a noise level < 50 d. Prior to experimentation,
mice were allowed free access to food and tap water.
All the procedures involving animals were conducted
in accordance with the ethical principles adopted by
the Animal Experimental Center of Zhejiang Chinese
Medical University and were approved by the Ethics
Committee on Animal Experiments at Zhejiang Chinese
Medical University.

Mice (n = 110) were randomized into 11 assigned
groups as follows: control group (n = 10), DSS group
(n = 10), DSS + Astressin (Ast)2B group (Ast2B group;
n = 10), DSS + Ucn2 group (Ucn2 group; n = 10),
DSS + Ast2B + Ucn2 group (Ast2B + Ucn2 group; n
= 10), DSS + Ast2B + low-dose (2.8 g/kged) aqueous
TXYF extract group (Ast2B + TXYF-L group; n = 10),
DSS + Ast2B + medium-dose (5.6 g/kged) aqueous
TXYF extract group (Ast2B + TXYF-M group; n = 10),
DSS + Ast2B + high-dose (11.2 g/kged) aqueous TXYF
extract group (Ast2B + TXYF-H group; n = 10), DSS
+ low-dose (2.8 g/kged) aqueous TXYF extract group
(TXYF-L group; n = 10), DSS + medium-dose (5.6
g/kged) aqueous TXYF extract group (TXYF-M group;
n = 10), and DSS + high-dose (11.2 g/kgsd) aqueous
TXYF extract group (TXYF-H group; n = 10). Colitis
was induced in mice by administering 3% (w/v) DSS
(MP Biomedicals, Inc., Aurora, OH, United States) in

April 28,2018 | Volume 24 | Issue 16 |



Table 2 Histological score to quantify the degree of colitis

Gong SS et a/. Mucosa repair mechanisms of UC

Score Inflammation Depth of lesions Destruction of crypt Width of lesions, %
0 None None None

1 Slight Mucosa Basal 1/3 damaged 1-25

2 Moderate Mucosa and submucosa Basal 2/3 damaged 26-50

3 Severe Transmural Intact epithelium only 51-75

4 Total crypt and epithelium 76-100

their drinking water for 7 d. On days 8 to 16, mice
were switched to normal water. Additionally, the mice
treated with Ast2B were injected daily with the CRH-R2
antagonist Ast2B (Sigma-Aldrich, St. Louis, MO, United
States) administered intraperitoneally (20 ug/kg). The
mice treated with Ucn2 received an intraperitoneal
injection of Ucn2 (Peptide Institute Inc., Osaka,
Japan) (30 pg/kg). The mice treated with TXYF were
administered the aqueous TXYF extract. The doses of
2.8 g/kged, 5.6 g/kged, and 11.2 g/kgsd aqueous TXYF
extract represented an equivalent of 0.5 x, 1.0 x and 2.0
x for the human adult dosage.

Disease activity index

Intestinal disease activity was assessed based on weight
loss, the presence of diarrhea accompanied by blood and
mucus, and colonic shortening™. DAI was calculated by
scoring weight loss, diarrhea and rectal bleeding, based
on a previous scoring system (Table 1) described by
Murthy et af** with little modification. Weight loss was
defined as the difference between the initial and final
weights. Diarrhea was defined by the absence of fecal
pellet formation and the presence of continuous fluid
fecal material in the colon. Rectal bleeding was assessed
based on the presence of diarrhea containing visible
blood and on the presence of gross rectal bleeding, and
was scored as diarrhea. Disease activity index (DAI)
values were calculated using the following formula:
DAL = [(weight loss score) + (diarrhea score) + (rectal
bleeding score)]/3. The clinical parameters used in the
present study were chosen to represent the subjective
clinical symptoms observed in human UC.

Histological process

Sections of colon fixed in 10% formalin, paraffin-
embedded and stained with hematoxylin and eosin
were used for histological scoring. The sections were
graded by two blinded investigators, using a range
from 0 to 3 as to amount of inflammation (acute and
chronic) and depth of inflammation and with a range
from O to 4 as to the amount of crypt damage or
regeneration, as indicated in Table 2°°, These changes
were also quantified as to the percent involvement by
the disease process: (1) 1%-25%; (2) 26%-50%;
(3) 51%-75%; (4) 76%-100%. Histological score was
calculated using the following formula: histological
colitis score = inflammation + depth of lesions +
destruction of crypt + width of lesions.
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Immunohistochemistry and imaging

Formalin-fixed, paraffin-embedded colons were
sectioned (1 pm) and stained with a Ki-67 antigen
(dilution 1:100; AF0198; Affinity Biosciences, Cincinnati,
OH, United States) or terminal deoxynucleotidyl
transferase dUTP nick-end labeling (TUNEL) with the
Apop-Tag Plus Peroxidase in situ cell death detection
kit, POD (11684817910; Roche, Basel, Switzerland)
according to the manufacturer’s instructions. To
quantify Ki-67 immunoreactivity and TUNEL, pixel-
based quantification of staining intensity was performed
with Image-ProPlus 6.0 software. Stained sections were
observed under a 40 x objective lens.

In vivo intestinal permeability

The intestinal permeability was measured by de-
termination of the amount of FITC-dextran (molecular
weight 4.0 kDa; Sigma-Aldrich) in blood after oral
administration, as described previously®®. Briefly, mice
were fasted overnight and FITC-dextran solution (4
kDa, 600 mg/kg) was administered. Blood samples
were obtained after 3 h, centrifuged at 10000x rpm for
5 min, and serum was collected. Serum levels of FITC
were read at 483 nm and 525 nm on a full wavelength
multifunctional enzyme spectrometer (Varioskan Flash,
Thermo Fisher Scientific, Waltham, MA, United States).

Real-time quantitative PCR

RNAiso Plus (9108; Takara Bio, Inc., Shiga, Japan) was
used to extract RNA from frozen tissue samples, and
the concentration of RNA was measured using a trace
nucleic acid analyzer (Thermo Fisher Scientific). RNA
was reverse-transcribed to cDNA using a PrimeScript
RT reverse transcription kit (RR036A; Takara Bio, Inc.).
Quantitative real-time PCR was carried out by ABI 7500
real-time PCR system (7500; Applied Biosystems of
Thermo Fisher Scientific). Primers were designed and
synthesized by Shenggong Biology and Engineering
Co., Ltd. (Shanghai, China) (Table 3). B-actin was used
as the normalization control, and the 2" method
was used to calculate the relative expression of target
genes.

TNF-o,, CXCL-1 and IL-6 measurement

CXCL-1 level and IL-6 level were measured by mouse
TNF-o enzyme-linked immunosorbent assay (ELISA)
kit, mouse CXCL-1 ELISA kit and Mouse IL-6 ELISA
kit (Shanghai WesTang Bio-Tech Co., Ltd., Shanghai,
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Table 3 Primer sequences and amplification length

Gene Primer sequences Amplification length
TNF-a Forward: 5'-GCCTATGTCTCAGCCTCTTCTC-3’ 22
Reverse: 5-TGGTGGTTTGCTACGACGTG-3’ 20
CXCL-1 Forward: 5-TCACCTCAAGAACATCCAGAGC-3’ 22
Reverse: 5-ACTTGGGGACACCTTTTAGCAT-3" 22
IL-6 Forward: 5-TCTCTGCAAGAGACTTCCATCC-3" 22
Reverse: 5-TTCCACGATTTCCCAGAGAACA-3’ 22
B-actin Forward: 5'-AGATCAAGATCATTGCTCCTCC-3’ 22
Reverse: 5-GGTGTAAAACGCAGCTCAGTAA-3’ 22

TNF-a: Tumor necrosis factor-alpha; CXCL-1: Chemokine (C-X-C motif) ligand-1; IL-6: Interleukin-6; B-actin: Beta-actin.

A B
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Ast2B + TXYF-H

Figure 1 Inhibition of CRH-R2 signaling aggravates symptoms of DSS-induced colitis in mice. A: Mice body weights measured for 16 d, and shown as
percentage of weight change; B: Colon length; C: Representative photographs of colon lengths; D: DAI; E: Histological scores were evaluated on the 16" day; F:
Representative images of hematoxylin-eosin staining histology. Data are presented as mean + standard deviation, n = 6-10 per group, scale bar = 200 um. *P < 0.001
vs control group; °P < 0.05, "P < 0.001 vs DSS group; °P < 0.001 vs Ucn2 group; "P < 0.05 vs TXYF-L group; 'P < 0.01, °P < 0.001 vs TXYF-M group; 'P < 0.05, °P < 0.001
vs TXYF-H group. CRH-R2: Corticotropin-releasing hormone-receptor 2; DAI: Disease activity index; DSS: Dextran sulfate sodium; TXYF: Tong-Xie-Yao-Fang.

China), respectively. All assays were conducted by
following the manufacturer’s instruction.

Statistical analysis

All analyses were performed using SPSS 24.0 statistical
software (IBM Corp., Armonk, NY, United States).
Comparisons between groups were performed using
one-way analysis of variance (ANOVA), followed by
Scheffe post hoc test for multiple comparisons, other-
wise a Dunnett’s T3 method was used. All data are
expressed as the mean + SD. P < 0.05 was considered
statistically significant.

RESULTS

Inhibition of CRH-R2 signaling aggravates the symptoms
of DSS-induced colitis in mice

We first assessed the involvement of CRH-R2 signaling
in mucosal repair after colitis by administering the
CRH-R2 antagonist Ast2B to mice after induction of
DSS colitis. Mice received an intraperitoneal injection of
Ast2B daily for 9 d after withdrawal of DSS, and body
weight loss, DAI, colon length and histological score
were monitored.

Compared with the DSS group, mice treated with
the CRH-R2 antagonist Ast2B showed more body
weight loss (P < 0.05) (Figure 1A) and shorter colon
lengths (4.90 £ 0.32 cm vs 6.21 £ 0.34 cm, P < 0.05)

Baishidenge ~ WJG | www.wjgnet.com

(Figure 1B). DAI score and histological score were used
to evaluate the severity of UC in mice. The mice in the
Ast2B group exhibited significantly higher DAI scores
(3.61 £ 0.53 vs 2.42 = 0.32, P < 0.05) (Figure 1D)
and histological scores (11.50 + 1.05 vs 8.33 + 1.03,
P < 0.05) (Figure 1E) compared to the mice in the DSS
group.

Interestingly, mice treated with Ucn2 after DSS-
induced colitis showed a smaller degree of body weight
loss (P < 0.001) (Figure 1A), longer colon length (9.58
+ 0.62 cm vs 6.21 £ 0.34 cm, P < 0.001) (Figure 1B),
lower DAI (0.87 £ 0.55 vs 2.42 £+ 0.32, P < 0.001)
(Figure 1D) and improved histological scores (4.33 +
1.50 vs 8.33 £ 1.03, P < 0.05) (Figure 1E) compared
to the mice in the DSS group. However, a significant
statistical difference was found between the Ast2B +
Ucn2 group and the Ucn2 group (Figure 1A-F).

Inhibition of CRH-R2 signaling increases secretion of
inflammatory cytokines in colon tissues of DSS-induced
UC mice

The levels of proinflammatory factors such as TNF-q,
CXCL-1 and IL-6 in mouse colon tissues were detected
by real time-PCR and ELISA. Compared with the
DSS group, the Ast2B group showed significantly up-
regulated mRNA expression of TNF-a (6.19 £ 0.51 vs
3.87 £ 0.98, P < 0.05) (Figure 2A), CXCL-1 (10.77 £
2.55 vs 5.08 £ 0.76, P < 0.05) (Figure 2B),and IL-6
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Figure 2 Inhibition of CRH-R2 signaling increases secretion of inflammatory cytokines in colon tissues of DSS-induced ulcerative colitis mice. A-C: Real
time-PCR-assessed mRNA level of TNF o, (A), CXCL-1 (B) and IL 6 (C) in colon tissues. The mRNA level in each group was determined relative to the level in the
control group (defined as 100%); E-F: Enzyme-linked immunosorbent assay-detected protein levels of TNF o (D), CXCL-1 (E) and IL 6 (F) in colon tissues. Data are
presented as mean + standard deviation, n = 6 per group. °P < 0.01, °P < 0.001 vs control group; °P < 0.05, °P < 0.01, P < 0.001 vs DSS group; P < 0.01, P < 0.001
vs Ucn2 group; "P < 0.05, "P < 0.01, °P < 0.001 vs TXYF-L group; °P < 0.05, "P < 0.01, 'P < 0.001 vs TXYF-M group; P < 0.05, *P < 0.01, 'P < 0.001 vs TXYF-H group.
CRH-R2: Corticotropin-releasing hormone-receptor 2; DSS: Dextran sulfate sodium; TXYF: Tong-Xie-Yao-Fang.
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Figure 3 Inhibition of CRH-R2 signaling promotes intestinal permeability
in DSS-induced colitis. The FITC-dextran levels in serum were determined.
Data are presented as mean =+ standard deviation, n = 6 per group. *P < 0.001
vs control group; °P < 0.05, °P < 0.001 vs DSS group; °P < 0.001 vs Ucn2
group; 'P < 0.001 vs TXYF-L group; °P < 0.001 vs TXYF-M group; °P < 0.001
vs TXYF-H group. CRH-R2: Corticotropin-releasing hormone-receptor 2; DSS:
Dextran sulfate sodium; TXYF: Tong-Xie-Yao-Fang.

(5.93 £ 0.99 vs 3.55 £ 0.62, P < 0.05) (Figure 2C).
Meanwhile, the protein expression levels of TNF-a
(Figure 2D), CXCL-1 (Figure 2E) and IL-6 (Figure2F)
were increased markedly in the Ast2B group.

However, compared with the DSS group, the
Ucn2 group showed significantly decreased mRNA
expression of TNF-a (Figure 2A), CXCL-1 (Figure 2B)
and IL-6 (Figure 2C). Simultaneously, the Ucn2 group
demonstrated reduced protein expression of TNF-a
(Figure 2D), CXCL-1 (Figure 2E) and IL-6 (Figure
2F). Interestingly, the Ast2B + Ucn2 group showed
drastically increased mRNA and protein expression of
TNF-a, CXCL-1 and IL-6 compared with the Ucn2 group
(P < 0.05 for all).

Inhibition of CRH-R2 signaling promotes intestinal
permeability in DSS induced colitis

To determine the effect of CRH-R2 signaling on epithelial
permeability, we analyzed intestinal permeability in DSS-
induced colitis model by measuring the concentration
of the serum FITC. The concentration of serum FITC-
dextran was higher in the Ast2B group than DSS group
(2.76 £ 0.11 pg/mL vs 1.47 £ 0.11 pg/mL, P < 0.05)
(Figure 3). However, the concentration of serum FITC-
dextran in the Ucn2 group was lower than DSS group
(0.75 £ 0.07 pg/mL vs 1.47 £ 0.11 pg/mL, P < 0.05)
(Figure 3). An obvious difference was observed between
the Ast2B+Ucn2 group and the Ucn2 group.

Inhibition of CRH-R2 signaling promotes colonic
epithelial cell apoptosis and reduces epithelial cell
proliferation

The effect of Ast2B on cell proliferation and cell death
was then determined. TUNEL staining was significantly
increased in the Ast2B group compared with the DSS
group (1422.39 £ 90.71 vs 983.01 £ 98.17, P < 0.001)
(Figure 4L). At the same time, the Ast2B group showed
significantly decreased cell proliferation (4.97 £ 4.25
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vs 22.51 + 8.22, P < 0.05) (Figure 5L). Interestingly,
the Ucn2 group showed promoted colonic epithelial
cell proliferation (Figure 5L) and reduced epithelial cell
apoptosis (Figure 4L). However, significant statistical
differences were found between the Ucn2 group
and the Ast2B + Ucn2 group with regards to colonic
epithelial cell apoptosis and proliferation (P < 0.01 for
both).

TXYF promotes mucosal repair in colitis mice by
regulating CRH-R2 signaling

To obtain insight into the underlying mechanism re-
sponsible for promoting mucosal repair of TXYF, DSS-
induced colitis mice were pretreated with the CRH-R2
antagonist Ast2B, and later treated with various doses
of aqueous TXYF extracts.

Compared with the DSS group, the TXYF-H groups
had lower DAI scores (Figure 1D) and histological
scores (Figure 1E), and decreased body weight loss
(Figure 1A). TXYF-M,H groups, on the other hand,
had longer colon length (Figure 1B) and improved
intestinal permeability (Figure 3). Furthermore, TXYF
inhibited secretion of inflammatory cytokines in colon
tissues (Figure 2A-F) and promoted colonic epithelial
cell proliferation (Figure 5L), along with reducing
apoptosis (Figure 4L). However, the Ast2B + TXYF
groups showed significant statistical difference in DAI,
body weight loss, colon length and histological scores,
when compared with the TXYF groups. As for inhibiting
secretion of inflammatory cytokines, the Ast2B + TXYF
groups demonstrated significant differences within the
TXYF groups. Additionally, the Ast2B + TXYF groups
showed markedly improved intestinal permeability in
DSS-induced colitis compared with the TXYF groups,
respectively. In addition, the Ast2B + TXYF groups
demonstrated significant differences with the TXYF
groups in promoting colonic epithelial cell proliferation
and reducing epithelial cell apoptosis.

These results further confirm the idea that CRH-R2
signaling is the main mechanism of TXYF-mediated
mucosal repair in DSS-induced colitis in mice.

DISCUSSION

Mucosal healing is a desired therapeutic end-point
in the treatment of IBD; interventions that promote
restoration of the epithelial barrier are needed to limit
inflammation and to prevent future injury. Mucosal hea-
ling consists of two processes!'®. Firstly, intact cells in
the adjacent region migrate to the injured area; then,
the cells compensate for damaged cells by proliferation
and help to maintain normal thickness of the intestinal
epithelium. Therefore, the migration and proliferation
of intestinal epithelial cells are the key mechanisms for
the healing of epithelial defects after mucosal injury. In
addition, inhibiting apoptosis of intestinal epithelial cells
can promote the healing process of mucosa®”. It is
well known that intestinal epithelial barrier defects are
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Figure 4 Inhibition of CRH-R2 signaling promotes colonic epithelial cell apoptosis in DSS-induced colitis. A-K: Representative images from TUNEL sections; L:
Quantification of TUNEL data. Data are presented as mean + standard deviation, n = 6 per group, scale bar = 50 pum. P <0.001 vs control group; *P < 0.05, P <0.01,
°P < 0.001 vs DSS group; °P < 0.001 vs Ucn2 group; °P < 0.01 vs TXYF-L group; "P < 0.01 vs TXYF-M group; P <0.001 vs TXYF-H group. CRH-R2: Corticotropin-
releasing hormone-receptor 2; DSS: Dextran sulfate sodium; TUNEL: Terminal deoxynucleotidyl transferase dUTP nick-end labeling; TXYF: Tong-Xie-Yao-Fang.

characterized by increased intestinal permeability.

In the present study, it was found that selective
inhibition of CRH-R2 signaling can aggravate symptoms
of DSS-induced colitis, destroy the impaired intestinal
barrier function, promote colonic epithelial cell apoptosis
and reduce epithelial cell proliferation. After treatment
with Ucn2 and TXYF, DSS-induced mice demonstrated
ameliorated symptoms of DSS-induced colitis, improved
impaired intestinal barrier function, promoted colonic
epithelial cell proliferation and reduced epithelial cell
apoptosis. Moreover, Ucn2 and TXYF reduced the
expression of the proinflammatory factors TNF-a,
CXCL-1, and IL-6 in colon tissues.

Cytokines play a central role in the regulation of both
intestinal inflammation and mucosal repair mechanisms™®.
Treatments that neutralize the proinflammatory actions
of TNF-o. promote mucosal healing and are a standard
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of current IBD treatment paradigms!”**. In addition,
production of the key proinflammatory cytokine IL-6
correlates with the degree of active intestinal inflam-
mation in IBD patients™, further supporting the concept
that therapeutic interventions that modulate cytokine
production and/or release may promote mucosal repair
after inflammation. Taken together, these results indicate
that Ucn2 and TXYF promote mucosal repair.

Studies from others have found that CRH may be
involved in the maintenance of intestinal barrier integrity
by regulating autophagy in the intestinal epithelial
cells™™®, Our previous studies also found that CRH could
induce an increase in intercellular permeability in the
intestinal epithelium™®. Some studies have also found
that CRH-R2 can activate the antiinflammatory response
of intestinal mucosa and exert an antiinflammatory
effect™. In addition, activation of CRH-R2 can promote
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Figure 5 Inhibition of CRH-R2 signaling reduces epithelial cell proliferation in DSS-induced colitis. A-K: Representative images from Ki-67 immunoreactive
sections; L: Quantification of Ki-67 immunohistochemistry data. Data presented as mean = standard deviation, n = 6 per group, scale bar = 50 pm. °P < 0.05, °P < 0.01
vs control group; °P < 0.05, °P < 0.01 vs DSS group. P < 0.01 vs Ucn2 group; °P < 0.05 vs TXYF-L group; °P < 0.01 vs TXYF-M group; "P < 0.01 vs TXYF-H group.
CRH-R2: Corticotropin-releasing hormone-receptor 2; DSS: Dextran sulfate sodium; TXYF: Tong-Xie-Yao-Fang.

the migration and proliferation of colon cancer cells and
gastric mucosa cells®***, Furthermore, the expression
of CRH-R2 has been reported as down-regulated in
biopsy specimens of UC patients®*® and CRH-deficient
mice have been reported as unable to initiate healing
responses after acute experimental colitis™”,

These results suggest a role for the CRH peptide
family, especially CRH-R2, in mucosal repair mechanisms.
It is known that Ucn2 is a peptide which binds exclusively
to CRH-R2. Significant statistical differences were found
between the Ast2B group and the Ast2B + Ucn2 group.
Thus, a conclusion can be made that CRH-R2 activated
the intestinal mucosal antiinflammatory response by
regulating the migration, proliferation and apoptosis of
intestinal epithelial cells in colitis mice.

Subsequently, the efficacy of TXYF was assessed.
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According to the theory of traditional Chinese medicine,
IBD belongs to “diarrhea, dysentery”. The principle of
treatment is focused on relieving pain and eliminating
dampness and diarrhea. TXYF is a classic formula in the
Jing yue quan shu (Jingyue’s Complete Book), which
consists of atractylodes rhizome (Rhizoma Atractylodis
Macrocephalae) head groups, white peony root (Radix
Paeoniae Alba), dried tangerine peel (Pericarpium
Citri Reticulatae), and divaricate saposhnikovia root
(Radix Saposhnikoviae). TXYF has been believed to be
effective in improving disorders of the digestive system
and alleviating abdominal pain, diarrhea, and has been
used widely as a medication to treat inflammatory
bowel syndrome and UC clinically, without inducing
hepatomegaly or splenomegaly™**%,

TXYF has also been shown to improve reconstruction
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of the intestinal epithelial barrier and promote the
healing of mucosa in UC**!, Our previous study found
that TXYF down-regulated CRH-R1 and up-regulated
CRH-R2. While the mechanism underlying TXYF pro-
motion of mucosal repair is not well understood, it is
thought to intervene using CRH-R2 and to regulate the
migration, proliferation and apoptosis of epithelial cells,
like the role of Ucn23Y,

Herein, we describe the selective inhibition of
CRH-R2 signaling in the intestinal mucosa of mice after
experimental colitis, along with TXYF treatment, leading
to exacerbated symptoms of DSS-induced colitis,
delayed healing, increased expression of proinflam-
matory factors TNF-a, CXCL-1 and IL-6 in colon tissues,
decreased epithelial cell proliferation and promoted cell
apoptosis. These results suggest that TXYF promoted
the mucosal repair process of colitis mice by regulating
CRH-R2.

In conclusion, CRH-R2 activates the intestinal mucosal
antiinflammatory response by regulating the migration,
proliferation and apoptosis of intestinal epithelial cells
in colitis mice, and exerts an antiinflammatory effect.
The effects of TXYF on the mucosal repair process are
focused on regulating CRH-R2 in colitis mice.

ARTICLE HIGHLIGHTS

Research background

Mucosal healing is a desired therapeutic end-point in the treatment of
inflammatory bowel disease (IBD). However, thorough treatment of IBD
is difficult and there are some adverse reactions. According to studies,
corticotropin-releasing hormone (CRH)-receptor (R)2 can activate the
inflammatory response of intestinal mucosa. Our preliminary study found that
Tong-Xie-Yao-Fang could lower CRH-R1, increase the expression of CRH-R2,
and participates in reconstruction of the intestinal barrier.

Research motivation
Mucosal healing is a desired therapeutic end-point in the treatment of IBD.
However, the mechanism of mucosal healing is still unclear.

Research objectives

To explore the significance of CRH-R2 in the mucosal healing of dextran sulfate
sodium (DSS)-induced colitis and study the effect of Tong-Xie-Yao-Fang (TXYF)
on CRH-R2.

Research methods

Ulcerative colitis (UC) was induced in mice by administration of 3% (w/v) DSS
for 7 d. Then, mice were administered urocortin (Ucn)-2 or various doses of
aqueous TXYF extracts, the CRH-R2 antagonist Astressin (Ast)2B, Ast2B +
Ucn2, or Ast2B with various doses of aqueous TXYF extracts for 9 d. The colitis
disease activity index (DAI) was assessed to evaluate the condition of colitis.
The expression level of Ki-67 represented the proliferation of colonic epithelial
cells. The expression levels of inflammation cytokines IL-6, TNF-o. and CXCL-1
were examined by PCR and enzyme-linked immunosorbent assay.

Research results

Compared with the DSS group, mice treated with the CRH-R2 antagonist
Ast2B showed greater loss of body weight, shorter colon lengths, and higher
DAl and histological scores. Additionally, the Ast2B group showed increased
intestinal permeability, improved secretion of inflammatory cytokines in colon
tissue and reduced colonic epithelial cell proliferation. Increased apoptosis was
also demonstrated. The Ucn2 group demonstrated lower DAI and histological
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scores. Diminished weight loss, longer colon length, reduced intestinal
permeability, inhibited secretion of inflammatory cytokines in colon tissue
and increased colonic epithelial cell proliferation were all observed. Reduced
apoptosis was also observed.

Research conclusions

CRH-R2 activates the intestinal mucosal antiinflammatory response and plays
an important antiinflammatory role. TXYF promotes the mucosal repair process
in colitis mice.

Research perspectives

The CRH-R2 signaling pathway plays a pivotal role in mucosal healing in
experimental UC in mice. Mucosal healing is a desired therapeutic end-point
in the treatment of IBD. Thus, the findings of this study indicate a new potential
mechanism by which CRH-R2 treats UC. TXYF, which has fewer side effects
than other medicines, promotes the mucosal repair process of colitis mice
by regulating CRH-R2. Therefore, TXYF can be used in patients with UC to
promote their mucosal repair.
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