
World Journal of 
Gastroenterology
World J Gastroenterol  2018 August 14; 24(30): 3313-3468

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

Published by Baishideng Publishing Group Inc



S

REVIEW
3313	 MicroRNAs as non-invasive diagnostic biomarkers for gastric cancer: Current insights and future perspectives

Link A, Kupcinskas J

3330	 Nutritional issues in patients with obesity and cirrhosis

Schiavo L, Busetto L, Cesaretti M, Zelber-Sagi S, Deutsch L, Iannelli A

3347	 Host genetic factors affecting hepatitis B infection outcomes: Insights from genome-wide association studies

Akcay IM, Katrinli S, Ozdil K, Dinler Doganay G, Doganay L

MINIREVIEWS
3361	 Current guidelines for the management of non-alcoholic fatty liver disease: A systematic review with 

comparative analysis

Leoni S, Tovoli F, Napoli L, Serio I, Ferri S, Bolondi L

3374	 Form confers function: Case of the 3’X region of the hepatitis C virus genome

Dutkiewicz M, Ciesiołka J

ORIGINAL ARTICLE
Basic Study

3384	 Herb-partitioned moxibustion alleviates colon injuries in ulcerative colitis rats

Zhang D, Ren YB, Wei K, Hong J, Yang YT, Wu LJ, Zhang J, Shi Z, Wu HG, Ma XP

3398	 Novel sericin-based hepatocyte serum-free medium and sericin’s effect on hepatocyte transcriptome

Huang Y, Peng Q, Li HY, Jia ZD, Li Y, Gao Y

3414	 Total flavone of Abelmoschus manihot  suppresses epithelial-mesenchymal transition via  interfering 

transforming growth factor-β1 signaling in Crohn’s disease intestinal fibrosis

Yang BL, Zhu P, Li YR, Xu MM, Wang H, Qiao LC, Xu HX, Chen HJ

3426	 Identification of a five-long non-coding RNA signature to improve the prognosis prediction for patients 

with hepatocellular carcinoma

Zhao QJ, Zhang J, Xu L, Liu FF

Retrospective Study

3440	 Application of modified primary closure of the pelvic floor in laparoscopic extralevator abdominal perineal 

excision for low rectal cancer

Wang YL, Zhang X, Mao JJ, Zhang WQ, Dong H, Zhang FP, Dong SH, Zhang WJ, Dai Y

Contents Weekly  Volume 24  Number 30  August 14, 2018

� August 14, 2018|Volume 24|Issue 30|WJG|www.wjgnet.com



S

Observational Study

3448	 Altered oral microbiota in chronic hepatitis B patients with different tongue coatings

Zhao Y, Mao YF, Tang YS, Ni MZ, Liu QH, Wang Y, Feng Q, Peng JH, Hu YY

CASE REPORT
3462	 Large heterotopic gastric mucosa and a concomitant diverticulum in the rectum: Clinical experience and 

endoscopic management

Chen WG, Zhu HT, Yang M , Xu GQ, Chen LH, Chen HT

Contents Weekly  Volume 24  Number 30  August 14, 2018

II August 14, 2018|Volume 24|Issue 30|WJG|www.wjgnet.com



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
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

EDITORIAL BOARD MEMBERS
All editorial board members resources online at http://
www.wjgnet.com/1007-9327/editorialboard.htm

EDITORIAL OFFICE
Ze-Mao Gong, Director
World Journal of  Gastroenterology
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, 
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

PUBLISHER
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, 
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

PUBLICATION DATE
August 14, 2018

Contents

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li                      Responsible Science Editor: Ruo-Yu Ma
Responsible Electronic Editor: Shu-Yu Yin	       Proofing Editorial Office Director: Ze-Mao Gong
Proofing Editor-in-Chief: Lian-Sheng Ma

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-
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
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 where otherwise explicitly 
indicated.

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

ONLINE SUBMISSION
http://www.f6publishing.com

World Journal of Gastroenterology
Volume 24  Number 30  August 14, 2018

Editorial board member of World Journal of Gastroenterology , Herwig Cerwenka, 
MD, Professor, Department of Surgery, Medical University of Graz, Graz A-8036, 
Austria

World Journal of  Gastroenterology (World J Gastroenterol, WJG, print ISSN 1007-9327, online 
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. WJG was estab-
lished on October 1, 1995. It is published weekly on the 7th, 14th, 21st, and 28th 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. WJG 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.

World Journal of  Gastroenterology (WJG) is now indexed in Current Contents®/Clinical Medicine, 
Science Citation Index Expanded (also known as SciSearch®), Journal Citation Reports®, Index 
Medicus, MEDLINE, PubMed, PubMed Central and Directory of  Open Access Journals. The 
2018 edition of  Journal Citation Reports® cites the 2017 impact factor for WJG as 3.300 (5-year 
impact factor: 3.387), ranking WJG as 35th among 80 journals in gastroenterology and hepatol-
ogy (quartile in category Q2). 

ABOUT COVER

INDEXING/ABSTRACTING

AIMS AND SCOPE

III August 14, 2018|Volume 24|Issue 30|WJG|www.wjgnet.com



Bo-Lin Yang, Ping Zhu, You-Ran Li, Min-Min Xu, Hao Wang, 
Li-Chao Qiao, Hai-Xia Xu, Hong-Jin Chen, Department of 
Colorectal Surgery, The Affiliated Hospital of Nanjing University 
of Chinese Medicine, Nanjing 210029, Jiangsu Province, China

ORCID number: Bo-Lin Yang (0000-0002-2474-4085); Ping 
Zhu (0000-0003-2583-7822); You-Ran Li (0000-0002-3179-6692); 
M i n - M i n  X u  ( 0 0 0 0 - 0 0 0 1 - 6 2 7 2 - 4 6 4 3 ) ;  H a o  Wa n g 
(0000-0002-4058-2717); Li-Chao Qiao (0000-0292-2936); 
Hai-Xia Xu (0000-0002-2583-7822),  Hong-Jin Chen 
(0000-0003-2222-3582).

Author contributions: Yang BL and Chen HJ contributed to 
the conception and design of the study, acquisition, analysis and 
interpretation of data; all authors drafted the article and made 
critical revisions, and approved the final version of the article to 
be published.

Supported by the Natural Science Foundation of Jiangsu Province, 
China, No. BK2016157; the National Natural Science Foundation 
of China, No. 81673973; Phase II Project Funded by the Priority 
Academic Program Development of Jiangsu Higher Education 
Institutions, No. 035062002003; and Developing Program for High-
level Academic Talent in Jiangsu Hospital of TCM, No. y2018rc16.

Conflict-of-interest statement: To the best of our knowledge, 
no conflict of interest exists.

Data sharing statement: No additional data are available.

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

Manuscript source: Unsolicited manuscript

Correspondence to: Hong-Jin Chen, MD, Chief Doctor, 
Department of Colorectal Surgery, The Affiliated Hospital of 
Nanjing University of Chinese Medicine, Hanzhong 155 Rd, 
Nanjing 210029, Jiangsu Province, China. 260789@njucm.edu.cn
Telephone: +86-13851887158

Received: May 10, 2018
Peer-review started: May 10, 2018
First decision: June 11, 2018
Revised: June 27, 2018
Accepted: June 28, 2018 
Article in press: June 28, 2018 
Published online: August 14, 2018

Abstract
AIM
To explore the role and mechanism of total flavone of 
Abelmoschus manihot  (TFA) on epithelial-mesenchymal 
transition (EMT) progress of Crohn’s disease (CD) intes
tinal fibrosis.

METHODS
First, CCK-8 assay was performed to assess TFA on the 
viability of intestinal epithelial (IEC-6) cells and select the 
optimal concentrations of TFA for our further studies. 
Then cell morphology, wound healing and transwell as
says were performed to examine the effect of TFA on 
morphology, migration and invasion of IEC-6 cells treated 
with TGF-β1. In addition, immunofluorescence, real-time 
PCR analysis (qRT-PCR) and western blotting assays were 
carried out to detect the impact of TFA on EMT progress. 
Moreover, western blotting assay was performed to eval
uate the function of TFA on the Smad and MAPK signaling 
pathways. Further, the role of co-treatment of TFA and 
si-Smad or MAPK inhibitors has been examined by qRT-
PCR, western blotting, morphology, wound healing and 
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transwell assays.

RESULTS
In this study, TFA promoted transforming growth factor-β1 
(TGF-β1)-induced (IEC-6) morphological change, migra
tion and invasion, and increased the expression of epithe
lial markers and reduced the levels of mesenchymal 
markers, along with the inactivation of Smad and MAPK 
signaling pathways. Moreover, we revealed that si-Smad 
and MAPK inhibitors effectively attenuated TGF-β1-
induced EMT in IEC-6 cells. Importantly, co-treatment of 
TFA and si-Smad or MAPK inhibitors had better inhibitory 
effects on TGF-β1-induced EMT in IEC-6 cells than either 
one of them.

CONCLUSION
These findings could provide new insight into the mole
cular mechanisms of TFA on TGF-β1-induced EMT in 
IEC-6 cells and TFA is expected to advance as a new 
therapy to treat CD intestinal fibrosis.

Key words: Crohn’s disease; Intestinal fibrosis; Epithelial-
to-mesenchymal transition; Total flavone of Abelmoschus 
manihot ; Transforming growth factor-β1/Smad signaling; 
Transforming growth factor-β1/non-Smad signaling

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

Core tip: Regulating transforming growth factor-β (TGF-β) 
and its downstream signaling pathways, mediating the 
epithelial-mesenchymal transition (EMT) process and re
storing the biological function of abnormally activated intes
tinal fibroblasts, may be an important way to seek drug 
therapy for Crohn’s disease (CD) intestinal fibrosis. Total 
flavone of Abelmoschus manihot (TFA) can inhibit TGF-β1-
induced morphological change, migration, invasion of rat 
intestinal epithelial cells, and promote induction of EMT 
partially by inhibiting TGF-β1-activated Smad and non-
Smad signaling pathways. Therefore, TFA is expected to 
advance as a new therapy to treat CD intestinal fibrosis, 
and its continued advancement may open the door to a 
new class of treatment for CD intestinal fibrosis.

Yang BL, Zhu P, Li YR, Xu MM, Wang H, Qiao LC, Xu HX, 
Chen HJ. Total flavone of Abelmoschus manihot suppresses 
epithelial-mesenchymal transition via interfering transforming 
growth factor-β1 signaling in Crohn’s disease intestinal fibrosis. 
World J Gastroenterol 2018; 24(30): 3414-3425  Available from: 
URL: http://www.wjgnet.com/1007-9327/full/v24/i30/3414.htm  
DOI: http://dx.doi.org/10.3748/wjg.v24.i30.3414

INTRODUCTION
Crohn’s disease (CD) is a chronic relapsing inflammation 
of the gut, which causes significant impairment of quality 
of life with a rising incidence and prevalence during recent 
decades[1,2]. Although the clinical manifestations and 

pathologic progress of CD are different, fibrosis of intes­
tinal organization and strictures induced by transmural 
inflammation will eventually cause intestinal obstruction, 
which is the characteristic clinical manifestation[3-5]. In 
addition, more than 1/3 of CD patients need at least one 
intestinal operation in their lives, while 70% of the CD 
patients with fibrosis strictures need partial resection of 
the intestinal tract within 10 years of disease progression, 
and 70%-90% patients will have a recurrence of anas­
tomotic strictures and over 50% patients will form new 
strictures[6,7]. Moreover, a large number of clinical and 
experimental results have confirmed that the main drugs 
for treatment of CD, such as glucocorticoids, immune 
agents and biological agents, can effectively inhibit 
intestinal inflammation, but do not have positive activity 
in preventing the further progress of intestinal fibrosis[8,9]. 
Thus, there is still a lack of drugs that can effectively 
inhibit or reverse CD intestinal fibrosis.

The process of intestinal fibrosis in CD patients involves 
a variety of cells and multiple molecular signaling path­
ways[10,11]. Due to the continuous role of chronic intestinal 
inflammation, activated T and B cells will produce large 
amounts of pro-inflammatory cytokines and pro-fibro­
genic factors, and induce fibroblast, epithelial cells, en­
dothelial cells and stellate cells to migrate, proliferate, 
activate and differentiate into myofibroblasts, which 
finally results in excessive proliferation of myofibroblasts 
and excessive deposition of extracellular matrix (ECM), 
leading to the formation of intestinal fibrosis[12-14]. Studies 
have shown that even if inflammation of the intestinal 
tract is effectively controlled, the process of fibrosis will 
continue and eventually lead to intestinal stenosis[15]. 
Epithelial to mesenchymal transition (EMT) plays an 
important role in the activation of fibroblasts[16]. Epithelial 
cells will lose epithelial polarity and epithelial phenotype 
contacted with basement membrane and produce fibro­
blasts to repair tissue injury caused by trauma and in­
flammatory reactions through the EMT progress[17]. In 
physiological states, when the inflammatory reaction 
is relieved, the transformation process stops sponta­
neously. However, in the case of continuous activation 
of the inflammatory reaction, the EMT process will also 
continue to exist, and eventually cause organ fibrosis. 
Under pathophysiologic conditions, when the inflamma­
tory reaction is relieved, the transformation process will 
stop spontaneously. However, in the case of continuous 
activation of inflammatory response, the EMT process 
will also exist continuously, and eventually cause organ 
fibrosis[18,19]. Nowadays, although the role and regu­
lation mechanism of EMT in CD intestinal fibrosis has 
not been fully understood, the transforming growth 
factor-β (TGF-β)/Smad/MAPK signaling pathway has 
been confirmed to play an important role in regulating 
EMT in organs such as lung, liver, kidney and so on[20-22]. 
Therefore, studying the role of EMT in the formation 
of intestinal fibrosis based on the TGF-β/Smad/MAPK 
signaling pathway, may provide a new target for the 
treatment of CD intestinal fibrosis.
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Total flavone of Abelmoschus manihot L. Medic 
(TFA), as the main components of the water extract 
of traditional Chinese medicine Abelmoschus manihot 
(L.), has been reported to play an important role in the 
improvement of renal inflammation, nephrotic syndrome, 
purpura nephritis, IgA nephropathy, membranous ne­
phropathy and diabetic nephropathy (DN) effectively 
in the clinical trial[23-26]. Further, our previous research 
has shown that TFA could significantly inhibit the re­
lease of the intestinal inflammatory cytokines tumor 
necrosis factor (TNF)-α and interferon (IFN)-γ in a CD 
rat model induced by 2,4,6-trinitrobenzene sulfonic 
acid (TNBS), improve the model animal survival rate, 
and effectively improve intestinal inflammation. More­
over, immunohistochemical staining showed that the 
expression of TGF-β, alpha-smooth muscle actin (α-SMA) 
and matrix metalloproteinase-2 (MMP-2) were obviously 
reduced after intervention of TFA. Further, Masson 
staining confirmed that collagen fibrils of the mucosa and 
lamina propria of the colon were markedly decreased, 
indicating that TFA had positive inhibitory effects on 
CD intestinal fibrosis, which may be related to the EMT 
mechanism mediated by TGF-β. Thus, we hypothesized 
that TFA could inhibit or reverse the CD intestinal fibrosis 
via regulation of EMT based on TGF-β and its downstream 
Smad and MAPK signaling pathways. Therefore, this 
study was designed to focus on the influence of EMT 
on CD intestinal fibrosis and to further explore the role 
and mechanism of TFA on the progress of CD intestinal 
fibrosis.

MATERIALS AND METHODS
Preparation of TFA
Abelmoschus Manihot L. Medic was collected from 
Jiangyan of Jiangsu province, China. TFA was extracted 
from the flowers of Abelmoschus Manihot by the Jiangsu 
Province Hospital of TCM, Nanjing, China. A total of 500 
g of Abelmoschus Manihot flowers was immersed in 
8000 mL 75% ethanol for 1 h. The mixture was refluxed 

for 1 h at 90 ℃ and filtered by analytical filter paper. 
The extracts were evaporated by rotary evaporation 
under vacuum at 60 ℃[27]. For cell experiments, TFA was 
dissolved in dimethyl sulfoxide.

Cell culture
Rat intestinal epithelial (IEC-6) cells were obtained 
from the American Type Culture Collection (Manassas, 
VA, United States). Cells were cultured in Dulbecco’s 
modified eagle’s medium (DMEM, Gibco, United States) 
supplemented with 10% fetal bovine serum (FBS, 
Invitrogen, CA, United States), 2 mmol/L GlutaMAX-I 
(Invitrogen, CA, United States), 100 U/mL penicillin, 
and 100 μg/mL streptomycin (Invitrogen) in 5% CO2 
atmosphere at 37 ℃.

TFA working concentration
The concentration of TFA for further study was evaluated 
based on cell viability. Cell viability was determined by 
Cell Counting Kit-8 assay (CCK-8, Sigma Chemical Co, 
St Louis, MO, United States). Briefly, IEC-6 cells with a 
density of 1 × 104 cells/well in 100 μL of complete culture 
medium were seeded in 96-well plates. After culturing for 
24 h, the medium was replaced with serum-free media 
or serum-free media containing TFA at concentrations 
ranging from 0.1 μg/mL to 50 μg/mL, and incubated in 
a humidified incubator at 37 ℃ for 24, 48 or 72 h. After 
incubation, 10 μL CCK-8 was added to each well for 2 
h at 37 ℃. The optical density (OD) was recorded at 
450 nm using a microplate reader (Dojindo Molecular 
Technology, Rockville, MD, United States).

Based on the results in Figure 1A, 5, 10, and 15 μg/
mL TFA represented the optimal working concentrations 
and were used in our subsequent experiments.

Gene silencing with siRNAs
Cells were transfected with non-targeting negative con­
trol siRNA (Dharmacon, Lafayette, CO, United States) 
or Smad2/3 (Dharmacon, Lafayette, CO, United States) 
using LipoRNAiMax according to the manufacturer’s 
protocol. The cells were maintained for 72 h and then 
subjected to protein extraction. The antisense and sense 
oligo template sequences for these siRNAs were: Smad2 
siRNA antisense: AAGAGGAGTGCGCTTATATTACCTGTCTC, 
sense: AATAATATAAGCGCACTCCTCCCTGTCTC; Smad3 
siRNA antisense: AATATTCCAGAAACCCCACCCCCTGTCTC, 
sense: AAGGGTGGGGTT TCTGGAATACCTGTCTC.

Wound healing assay
IEC-6 cells were seeded into 6-well plates at a density of 
6 × 105 cells per well, and were cultured in fresh culture 
media to full confluence. After that, we created a wound 
using a plastic scraper. After being washed with PBS, 
the medium was replaced with 10 ng/mL TGF-β1[14] and 
TFA, and incubated at 37 ℃ for 48 h. The cell migration 
images were photographed at 0 and 48 h following 
scraping. Three to four different fields were visualized 
and photographed under a microscope (Nikon, Tokyo, 
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Figure 1  Effect of total flavone of Abelmoschus manihot at different 
concentrations on IEC-6 cell viability. IEC-6 cell viability after treatment with 
TFA at increasing concentrations was examined by CCK-8 at 24, 48 and 72 h. 
The results were expressed as the mean ± SD of three independent experiments, 
and each was performed in triplicate. aP < 0.05, bP < 0.01 compared with that of 
non-TFA treated group. TFA: Total flavone of Abelmoschus manihot.
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were incubated overnight at 4 ℃ with the indicated 
antibodies. After incubation for 24 h, membranes were 
washed and incubated for 2 h at room temperature 
with corresponding secondary antibodies. For protein 
detection, membranes were developed with SuperSignal 
west femto maximum sensitivity substrate (Pierce, 
Rockford, IL, United States) and the Gel-Pro Analyzer 
6.0 software was applied for image analysis. E-cadherin 
(1:500), ZO-1 (1:500), Vimentin (1:500), N-cadherin 
(1:500), p-ERK (1:500), ERK (1:500), p-p38 (1:500), 
p38 (1:500), p-JNK (1:500), JNK (1:500) and GAPDH 
(1:1000) antibodies were purchased from Sigma-Aldrich, 
and anti-mouse secondary antibodies were obtained 
from Proteintech (Chicago, IL, United States).

Immunofluorescence assay
IEC-6 cells were plated into 6-well plates at a density of 
3 × 105 cells/mL. When cells reached 60% confluence, 
10 ng/mL TGF-β1 and TFA (0, 5, 10 and 15 μg/mL) were 
added to the plates and incubated for 48 h. After that, 
IEC-6 cells were fixed with 4% paraformaldehyde. After 
blocking cells with 3% BSA for 2 h at room temperature, 
the cells were incubated with the anti-E-cadherin (1:50) 
antibody or anti-Vimentin (1:50) antibody at room 
temperature for 2 h. After washing three times with PBS, 
the second antibody conjugated with FITC was incubated 
on these cells for 1 h at room temperature. The nuclei 
were counterstained with DAPI for 5 min. Cells were 
imaged using a Nikon Eclipse TE2000-U fluorescence 
microscope.

Statistical analysis
Graph Pad Prism 5.0 statistical software was utilized to 
analyze the above experimental data. Measurement data 
were represented as X ± SD (n = 3); One-way analysis 
of variance was applied to compare differences between 
multiple groups. When only two groups were compared, 
Student’s t-test was conducted. A value of P < 0.05 
indicated that the difference was statistically significant.

RESULTS
Effect of TFA on IEC-6 cell viability
In order to observe the effect of TFA on the EMT progress 
of IEC-6 cells mediated by TGF-β1, a CCK-8 assay was 
performed to assess the effect of TFA on the viability 
of IEC-6 cells and to select the optimal concentrations 
of TFA for our further studies. IEC-6 cells were treated 
with increasing concentrations of TFA ranging from 0.1 
to 50 μg/mL at different time points (24, 48 and 72 h). 
From the results of Figure 1, we found that TFA had 
the positive activities on viability of IEC-6 cells with the 
concentrations of 5, 10 and 15 μg/mL compared to the 
control group (TFA 0 μg/mL). Further, the TFA-treated 
group at 10 μg/mL displayed the maximum proliferative 
rate at 24, 48 and 72 h. Therefore, 5, 10 and 15 μg/mL 
TFA were chosen to be the optimal concentrations for our 
further studies.

Japan).

Trans-well invasion assay
The cell invasion assay was performed using Trans-well 
chambers (8 μm pore-size, Corning, United States). 
Matrigel was purchased from BD Biosciences and 
stored at -20 ℃. After thawing at 4 ℃ overnight, the 
matrigel was diluted in serum-free medium, and 30 μL 
of the diluted matrigel were evenly inoculated into the 
upper chamber to form a gel at 37 ℃. Cells (1 × 105) 
suspended in 300 μL of serum-free medium were seeded 
into the upper compartments and treated with 10 ng/mL 
TGF-β1 and TFA for 48 h, and the lower compartments 
were filled with 600 μL of medium with 20% FBS. After 
incubation, the non-invasive cells were removed from the 
upper surface of the membrane by scrubbing. The cells 
that invaded to the lower surface of the membrane were 
fixed with 4% paraformaldehyde and stained in 10% 
crystal violet. Cells were counted under a microscope 
(Olympus, Tokyo, Japan).

Real-time PCR analysis (qRT-PCR)
IEC-6 cells were incubated in a 6-well plate with a 
density of 6 × 105 cell per well. When cells reached 
60% confluence, 10 ng/mL TGF-β1 and TFA (0, 5, 10 
and 15 μg/mL) were added to the plates and incubated 
for 48 h. Total RNA was extracted from the cultured 
cells using Trizol reagent (Invitrogen) according to the 
manufacturer’s instructions and reversed transcribed into 
cDNA using the TaqMan microRNA Reverse Transcription 
Kit (Applied Biosystems, United States). The qRT-PCR 
reactions were performed using the Fast Start Universal 
SYBR Green Master (Rox) (Roche Applied Science) on 
a 7500 Real-time system (Applied Biosystems, United 
States) according to the manufacturer’s protocols. 
Primer sequences used were designed as follows: 
E-cadherin forward, 5’-GAGGTCTACATTCCTGGTG-3’, 
E-cadherin reverse, 5’-TCTGTAGACATTTGAATCGG-3’, 
ZO-1 forward, 5’-CCATCTTGGACCGATTGCTG-3’, ZO-1 
reverse, TAATGCCCGAGCTCCGATG-3’, Vimentin forward, 
5’-CCGACACTCCT ACAAGATTTAGA-3’, Vimentin reverse, 
5’-CAAAGATTTATTGAAGCAGAACC-3’, N-cadherin 
forward, 5’-ATCCTACTGGACGGTTCG-3’, N-cadherin 
reverse, 5’-TTGGCTAATGGCACTTGA-3’, GAPDH forward, 
5’ -GGACCTGACCTGCCGTCTAG-3’, GAPDH reverse, 
5’-GTAGCCCAGGATG CCCTTGA-3’. GAPDH was used as 
an internal standard.

Western blotting assay
IEC-6 cells were plated into 6-well plates at a density 
of 3 × 105 cells/mL. When cells reached 60% con­
fluence, 10 ng/mL TGF-β1 and TFA (0, 5, 10 and 15 
μg/mL) were added to the plates and incubated for 
48 h. Each concentration group was performed in 
triplicate. Protein lysates were prepared using RIPA 
lysis buffer. Lysates were then subjected to SDS-poly­
acrylamide gel electrophoresis and transferred to PVDF 
membranes. After blocking with non-fat milk, blots 
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TFA inhibited TGF-β 1 induced migration and invasion of 
IEC-6 cells
The EMT process is characterized by alteration of cell 
morphology, migration and invasion capacity, as well 
as epithelial and mesenchymal markers expression. 
In the morphology assay, 10 ng/mL TGF-β1 in the me­
dium for 48 h led to significant morphological changes 
from cuboidal epithelial cells to fibroblast-like spindle-
shaped cells when compared with the control group. 
Interestingly, TFA effectively suppressed TGF-β1-induced 
morphological changes of IEC-6 cells in a dose dependent 
manner (Figure 2A). Moreover, for wound healing 
assays, 10 ng/ml TGF-β1 could promote the migration 
of IEC-6 cells compared with the control group, while 
TFA obviously reduced the TGF-β1-induced migration 
of IEC-6 cells in a dose dependent manner (Figure 2B). 
In addition, we examined the effects of TFA on TGF-β1-
induced invasion, and we found that 10 ng/mL TGF-β1 
in the medium for 48 h induced IEC-6 cells across the 
membrane, and addition of 5, 10 and 15 μg/mL TFA 

decreased the number of IEC-6 cells that passed though 
the Matrigel (Figure 2C). The results indicated that TFA 
could significantly suppress the morphological change, 
migration and invasion of IEC-6 cells induced by TGF-β1. 

TFA inhibited TGF-β 1-induced EMT
To examine the alterations of EMT markers, as shown in 
Figure 3A, the expression of epithelial marker E-cadherin 
was decreased along with the increasing expression of 
the mesenchymal marker Vimentin after treatment with 
10 ng/mL TGF-β1. However, TFA effectively inhibited this 
induction, especially at higher concentrations. Besides, 
western blotting and qRT-PCR were carried out to exa­
mine the alterations of EMT markers, and we found 
that the protein levels of epithelial markers, including 
E-cadherin and ZO-1, were markedly increased by TFA 
treatment. On the contrary, TFA treatment obviously 
decreased the expression levels of mesenchymal pro­
teins, including Vimentin and N-cadherin (Figure 3B). 
Likewise, similar changes were observed for mRNA 
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effect of TFA (5, 10 and 15 μg/mL) on TGF-β1-induced morphological changes at 48 h was observed by phase contrast microscopy; B: The representative image of 
the wound healing assay; C: The representative image of transwell assay. The tendency is concomitant with the wound healing assay. TGF-β1 induced the migration 
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expression of epithelial and mesenchymal markers in 
TFA-treated TGF-β1-induced IEC-6 cells (Figure 3C). 
Together, these results demonstrated that TFA could 
attenuate TGF-β1-induced EMT of IEC-6 cells.

TFA inhibited TGF-β 1-induced activation of the Smad 
signaling pathway
The activation of phosphorylated Smad2/3 plays an 
important role in the TGF-β1-mediated EMT progress[28]. 
The status of the Smad pathways was determined in 
TGF-β1-treated IEC-6 cells following TFA treatment 
with the concentrations of 5, 10 and 15 μg/mL for 48 h, 
and the results have shown that TFA remarkably inhi­

bited the level of phosphorylated Smad 2/3 in a dose 
dependent manner (Figure 4A). Next, we examined 
the role of Smad in TGF-β1-mediated IEC-6 cells. In 
IEC-6 cells, western blotting analysis demonstrated that 
Smad2/3 expression was inhibited after transfection of 
si-Smad2/3 (Figure 4B). Moreover, our results revealed 
that si-Smad2/3 could diminish TGF-β1-triggered EMT 
in IEC-6 cells and inhibit the TGF-β1-elicited changes 
in the expression of EMT markers, as measured by 
western blotting and qRT-PCR assays (Figure 4B and 
C). Besides, si-Smad2/3 suppressed TGF-β1-mediated 
mensenchymal-like morphological changes in IEC-6 cells 
as shown in Figure 5A. Wound healing and trans-well 
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assays also showed that si-Smad2/3 suppressed the 
migration and invasion capacities of IEC-6 cells triggered 
by TGF-β1 (Figure 5B and C). Furthermore, 15 μg/mL 
TFA combined with si-Smad2/3 could further restrain 
TGF-β1-mediated EMT progress in IEC-6 cells. These 
results suggested that TFA might reverse EMT induced 
by TGF-β1 via Smad inactivation in IEC-6 cells.

TFA inhibited TGF-β 1-induced activation of the non-
Smad signaling pathway
In addition to the Smad2/3 signaling pathway, TGF-β 
has been reported to activate other signaling molecules, 
such as MAPKs, which include extracellular signal-
regulated kinase (ERK) 1/2, c-Jun NH2-terminal kinase 
(JNK), and p38 mitogen-activated protein kinase (p38 
MAPK)[29]. To explore the involvement of non-Smad 
signaling in the anti TGF-β1-induced EMT activity of TFA, 
we tested whether TFA could inhibit the TGF-β1-induced 

activation of p38, JNK and ERK1/2 by western blotting, 
and we found that TGF-β1 could significantly activate the 
expressions of p-p38, p-JNK and p-ERK1/2, while TFA 
at the concentrations of 5, 10 and 15 μg/mL obviously 
suppressed the TGF-β1-induced increase in p-p38, p-JNK 
and p-ERK1/2 levels in IEC-6 cells in a dose dependent 
manner (Figure 6A). Thus, in order to further explore 
the role of MAPKs in TGF-β1-treated IEC-6 cells, ERK1/2 
inhibitor (PD98059, 5 μmol/L), p38 inhibitor (SB203580, 
5 μmol/L) and JNK inhibitor (SP600125, 2 μmol/L) were 
used to treat IEC-6 cells mediated by TGF-β1. From the 
results in Figure 6A, we found that PD98059, SB203580 
and SP600125 could significantly inhibit the activation of 
p-p38, p-JNK and p-ERK, respectively. Besides, PD98059, 
SB203580 and SP600125 could promote the changes in 
EMT markers by western blotting and qRT-PCR assays 
(Figure 6B and C). In addition, PD98059, SB203580 
and SP600125 treatment inhibited TGF-β1-induced men­
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senchymal-like morphological changes in IEC-6 cells, as 
shown in Figure 7A. Moreover, PD98059, SB203580 and 
SP600125 inhibited the migration and invasion of IEC-6 
cells mediated by TGF-β1 via wound healing and trans-
well assays (Figure 7B and C). Importantly, co-treatment 
of TFA with PD98059, SB203580 or SP600125 had better 
inhibitory effects on TGF-β1-induced EMT in IEC-6 cells 
than either one of them. Taken together, these results 
indicated that TFA might exert its role in reversing TGF-
β1-mediated EMT via non-Smad inactivation in IEC-6 
cells.

DISCUSSION
CD intestinal fibrosis is characterized by activation of 
myofibroblasts, resulting in abnormal ECM deposition, 
which eventually leads to tissue stiffness and progressive 
intestinal dysfunction[30]. In addition to interstitial cells 
such as fibroblasts and smooth muscle cells, the diffe­
rentiation of epithelial cells through EMT is a major 
source of intestinal fibrotic cells[18]. EMT refers to the 
transformation of epithelial cells with polar cells to 
the interstitial cells under a specific physiological and 

pathological condition. The most important features of 
EMT are the loss of epithelial cell phenotype and the 
acquisition of interstitial properties, as reflected in the 
down-regulation of E-cadherin and ZO-1, resulting in 
loss of adhesion between cells or between cells and 
matrix, over-expression of N-cadherin and vimentin, 
leading to the acquisition of migration and invasion, and 
over-expression of EMT transcription factors[31,32]. More­
over, EMT plays a key role in tissue formation, organ 
fibrosis and so on. Through EMT, epithelial cells lose cell 
polarity and epithelial phenotypes, such as connection 
to the basement membrane, while acquiring interstitial 
cell phenotypes with the functions of fibroblasts and 
myofibroblasts[33-35]. Moreover, in the case of continuous 
activation of inflammatory response, the EMT process 
will also continuously exist and eventually cause organ 
fibrosis. Therefore, it will have a positive significance to 
search for a method for the treatment of CD intestinal 
fibrosis.

Our previous studies have found that TFA, a main 
component of the water extract of traditional Chinese 
medicine, could reduce the expression of TGF-β, α-SMA 
and MMP-2 and decrease collagen fibrils, which indi­

TGF-β1 si-Smad2/3
Smad2/3
control

TGF-β1

TFA +
si-Smad2/3TFA

A

Control

B

TGF-β1 si-Smad2/3
Smad2/3
control

TGF-β1

TFA +
si-Smad2/3TFAControl

C

TGF-β1 si-Smad2/3
Smad2/3
control

TGF-β1

TFA +
si-Smad2/3TFAControl
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cated that TFA may inhibit or reverse EMT during CD 
intestinal fibrosis. Firstly, we used TGF-β1 to induce EMT 
of IEC-6 cells and chose the optimal concentrations of 
TFA to disrupt TGF-β1 activity in IEC-6 cells. From the 
results, we knew that TGF-β1 could obviously promote 
the progression of EMT, such as changing morphology 
from cuboidal epithelial cells to fibroblast-like spindle-
shaped cells, and enhancing the abilities of migration and 
invasion. Despite this, TFA treatment could restrain the 
changes caused by TGF-β1 in a dose dependent manner.

Effective inhibition of CD intestinal inflammation does 
not play a positive role in preventing intestinal fibrosis 
and inhibiting the pro-fibrosis signaling pathway, resulting 
in persistence of the process of tissue fibrosis[36,37]. 
Therefore, it is necessary to further study how to block 
the fibrotic signaling pathway and promote ECM decom­
position to inhibit or reverse the process of fibrosis. 
TGF-β is the strongest inducer, playing an important 
role in EMT[38]. The Smad signaling pathway induced 
by TGF-β can promote the expression of ECM and inhi­
bit the transcriptional activity of matrix degradation 

genes, resulting in ECM deposition in interstitial cells and 
leading to fibrosis[39]. Actually, in our experiments, we 
found that 10 ng/mL TGF-β1 could significantly inhibit 
the expression of p-Smad2/3, while TFA remarkably 
reversed the phenomenon in a dose dependent manner 
in TGF-β1-treated IEC-6 cells. Blocking TGF-β/Smad 
signaling has become a hot spot to inhibit or even re­
verse fibrosis. It has been reported that silencing Smad 
2/3 could block Smad signaling and reduce collagen 
synthesis and proliferation of fibroblasts[40,41]. We silenced 
the expression of p-Smad2/3 and explored the role 
of Smad2/3 in TGF-β1-treated IEC-6 cells. We found 
that silencing Smad2/3 could effectively improve the 
EMT progression of IEC-6 cells induced by TGF-β1 no 
matter morphology, migration, invasion or EMT markers. 
Interestingly, when TFA was combined with si-Smad2/3, 
it had better inhibitory activities on EMT progression 
than either one of them alone, which suggested that TFA 
might exert its effects in reversing TGF-β1-mediated EMT 
via Smad inactivation in IEC-6 cells.

Recent researches have shown that the MAPK path­
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way, including p38, JNK and ERK1/2, is closely related to 
the regulation of TGF-β signaling pathway and fibrosis[42]. 
TGF-β can not only carry out signal transduction through 
TGF-β/Smad, but can also activate p38, JNK and ERK 
signaling pathways, which indicates that regulation of 
MAPK signaling pathways can affect the TGF-β/Smad 
signal transduction pathway and play a role in inhibiting 
fibrosis[43,44]. In this experiment, we found that 10 ng/mL 
TGF-β1 could significantly inhibit the expression of p-p38, 
p-JNK and p-ERK1/2, while TFA obviously suppressed 
the levels in a dose dependent manner in TGF-β1-treated 
IEC-6 cells. In addition, we also investigated the role of 
MAPK in TGF-β1-mediated EMT of IEC-6 cells. We used 
an ERK1/2 inhibitor (PD98059), p38 inhibitor (SB203580) 
and JNK inhibitor (SP600125) to inhibit the expression of 
p-p38, p-JNK and p-ERK1/2 in IEC-6 cells, respectively. 
We found that PD98059, SB203580 and SP600125 
treatment could have positive inhibitory effects on EMT 
progress, similar to the si-Smad. Moreover, co-treatment 
of TFA combined with PD98059, SB203580 or SP600125 
had better positive activities on inhibiting EMT progress 
in TGF-β1-mediated IEC-6 cells than either one of them 
alone, indicating that TFA might exert its role in reversing 
EMT induced by TGF-β1 via MAPK inactivation in IEC-6 
cells.

Stated thus, regulating TGF-β and its downstream 

Smad and MAPK signaling pathways, mediating the 
EMT process and restoring the biological function of 
abnormally activated intestinal fibroblasts, may be 
an important way to seek drug therapy for CD intes­
tinal fibrosis. TFA is able to inhibit TGF-β1-induced 
morphological change, migration, invasion of IEC-6 cells. 
TFA promoted the induction of EMT partly by inhibiting 
TGF-β1-activated Smad signaling pathway and non-
Smad signaling pathway. To conclude, TFA is expected to 
advance as a new therapy to treat CD intestinal fibrosis, 
and its continued advancement may open the door to a 
new class of treatment for CD intestinal fibrosis.

ARTICLE HIGHLIGHTS
Research background
Epithelial-mesenchymal transition (EMT) is a crucial process in Crohn’s disease 
(CD) intestinal fibrosis. Total flavone of Abelmoschus manihot (TFA) has 
been found as an effective component to reduce CD intestinal fibrosis in vivo. 
However, the role and mechanism of TFA on EMT progress of CD intestinal 
fibrosis have not been understood yet.

Research motivation
EMT is a crucial process in CD intestinal fibrosis. TFA has been found as an 
effective component to reduce CD intestinal fibrosis in vivo. However, the role 
and mechanism of TFA on EMT progress of CD intestinal fibrosis have not been 
understood yet. In the present study, we performed CCK-8, morphology, wound 
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Figure 7  Total flavone of Abelmoschus manihot  combined with MAPK inhibitors had synergistic role in inhibiting transforming growth factor-β1 
-induced migration and invasion of IEC-6 cells. A: The inhibitory effect of MAPK inhibitors or TFA (15 μg/mL) combined with MAPK inhibitors on TGF-β1-induced 
morphological changes at 48 h was observed by phase contrast microscopy; B and C: The migration and invasion abilities of MAPK inhibitors or TFA (15 μg/mL) 
combined with MAPK inhibitors were examined by wound healing (B) and transwell (C) assays. TFA: Total flavone of Abelmoschus manihot; TGF: Transforming 
growth factor.
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healing, transwell, qRT-PCR, western blotting and immunofluorescence assays 
to explore the role and the underlying mechanisms of TFA on CD intestinal 
fibrosis, and the results indicated that TFA was expected to advance as a new 
therapy to treat CD intestinal fibrosis.

Research objectives
To explore the role and mechanism of TFA on EMT progress of CD intestinal 
fibrosis.

Research methods
First, a CCK-8 assay was performed to assess the effect of TFA on the viability 
of IEC-6 cells and to select the optimal concentrations of TFA for our further 
studies. Then cell morphology, wound healing and transwell assays were 
performed to examine the effect of TFA on morphology, migration and invasion 
of IEC-6 cells treated with transforming growth factor-β1 (TGF-β1). In addition, 
immunofluorescence, qRT-PCR and western blotting assays were carried 
out to detect the impact of TFA on EMT progress. Moreover, western blotting 
assay was performed to evaluate the function of TFA on the Smad and MAPK 
signaling pathways. Further, the role of co-treatment of TFA and si-Smad or 
MAPK inhibitors was examined by qRT-PCR, western blotting, morphology, 
wound healing and transwell assays.

Research results
In this study, TFA promoted TGF-β1-induced IEC-6 cell morphological change, 
migration and invasion, and increased the expression of epithelial markers 
and reduced the levels of mesenchymal markers, along with the inactivation of 
Smad and MAPK signaling pathways. Moreover, we revealed that si-Smad and 
MAPK inhibitors effectively attenuated TGF-β1-induced EMT in TEC-6 cells. 
Importantly, co-treatment of TFA and si-Smad or MAPK inhibitors had better 
inhibitory effects on TGF-β1-induced EMT in IEC-6 cells than either one of 
them alone.

Research conclusions
These findings could provide new insight into the molecular mechanisms of TFA 
on TGF-β1-induced EMT in IEC-6 cells, and TFA is expected to advance as a 
new therapy to treat CD intestinal fibrosis.

Research perspectives
TFA promoted the induction of EMT partly by inhibiting TGF-β1-activated 
Smad signaling pathway and non-Smad signaling pathway. TFA is expected 
to advance as a new therapy to treat CD intestinal fibrosis, and its continued 
advancement may open the door to a new class of treatment for CD intestinal 
fibrosis.
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